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Articles 


Formally Testing the Present Value 
Model of Farmland Prices 


Barry Falk 


This paper applies recent statistical developments in the study of stock market price 
movements to study the plausibility of the constant expected returns version of the 
present value model as an explanation of farmland prices. Using Iowa farmland price 
and rent data over the 1921-86 sample period, formal test results indicate that, although 
farmland price and rent movements are highly correlated, price movements are not 
consistent with the implications of this model. There appear to be persistent predictable 
excess positive and/or negative returns in the Iowa farmland market. 


Key words: efficient market hypothesis, farmland prices, present value model. 


Farmland prices in the United States have 
undergone occasional periods of sustained booms 
followed by sustained busts. The most recent 
example was the boom of the 1970s and the bust 
of the 1980s. Melichar (1984) has identified four 
other price cycles of this sort over the last two 
hundred years. The recent major cycle in farm- 
land prices has generated considerable interest 
in the determination of farmland prices. Papers 
by Alston, Melichar (1979), Burt, and Feath- 
erstone and Baker are especially relevant to this 
study. 

The financial economics literature also has 
displayed a surge of interest in evaluating the 
extent to which financial asset prices can be ex- 
plained in terms of rational evaluations of cur- 
rent and expected asset income. This literature 
began with studies by Shiller and by Leroy and 
Porter. The current state of this literature is 
summarized by DeBondt and Thaler and by West 
(1988a). 

The fundamental economic questions ad- 
dressed in these two lines of literature are es- 
sentially the same. First, how much of an as- 
set’s price movement is caused by factors which 
determine the fundamental value of the asset, 
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i.e., current and expected future returns and dis- 
count rates? Second, do these factors account 
for asset price movements in a rational manner? 
In contrast to the existing studies of farmland 
prices, the financial economics literature has de- 
veloped new statistical tests (such as Shiller’s 
variance bounds tests) designed especially to help 
answer these kinds of questions; and it has uti- 
lized recent developments in the study of non- 
stationary time series, such as the application of - 
unit root and cointegration theory. 

The purpose of this paper is to apply statis- 
tical developments in the study of stock market 
price movements to study farmland prices and 
formally test the validity of the constant dis- 
count rate version of the present value model of 
farmland prices. A strategy developed by 
Campbell and Shiller (1987) will be applied to 
study the behavior of annual Iowa farmland prices 
over the 1921—86 sample period. The Iowa 
farmland market is used for several reasons. First, 
relatively long time series on lowa farmland 
prices and rents are available. Second, Iowa 
farmland is relatively homogenous, primarily 
suited for growing corn and soybeans, and its 
value has not been strongly influenced by non- 
agricultural uses. Finally, an active cash rental 
market provides readily available cash rent data 
for Iowa farmland. 

The remainder of the paper provides a review 
of the literature on farmland prices, a descrip- 
tion of Campbell and Shiller’s procedures, a de- 
scription of the data, the empirical résults and a 
discussion of their implications. 
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Review of Related Literature 


The modern study of farmland price determi- 
nation goes back at least to the 1960s with the 
efforts of Herdt and Cochrane, Reynolds and 
Timmons, and Tweeten and Martin to model land 
prices in a simultaneous equations framework; 
but the inability of these models to explain sub- 
sequent land prices (as shown by Pope et al.) 
discouraged further efforts along these lines. 
Much of the problem in this kind of approach 
involves the inelasticity of farmland quantity, so 
that attempts to identify a classic supply equa- 
tion in this market may not be appropriate. Since 
the 1970s, attention turned to the role of de- 
mand forces in explaining land price move- 
ments. 

Klinefelter, and Castle and Hoch attempted to 
explain land prices in terms of expected net rents 
and expected capital gains as though these two 
components of land price are distinct from one 
another. Although it is possible that capital gains 
are driven by speculative forces or by forces un- 
related to rents (i.e., by “sunspots”), capital gains 
can also result from a growing stream of net rents 
(Melichar 1979). More recent literature has fo- 
cused on the behavior of land prices in a manner 
consistent with the conventional present value 
formulation. 

Consider the conventional present value for- 
mulation of farmland price determination: 


(1) Y, = B > B'Elyn lI, 
s=0 


where Y, is the real value per acre of homoge- 
nous farmland at the start of period f¢, y, is the 
real net rent per acre of farmland in period t (paid 
at the end of period t), and £ is a discount factor 
which is equal to 1/(1 + r) where r is the real 
interest rate, so that 0 < B < 1. Expressions of 
the form E[X,,,\/,] denote the market’s expec- 
tation of X,., formed at the start of time ż on the 
basis of its information set at that time. This 
model assumes a constant real interest rate and 
ignores the differential tax treatment of capital 
gains and rental income. It can be derived as the 
stable forward solution to the following differ- 
ence equation which is a form of the efficient 
markets hypothesis: 


(2) Y, = EY na + yl /( + r). 


The fact that (1) can be derived as the solution 
to (2), solving (2) forward recursively, makes 
clear the point that capital gains can be ex- 
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plained in theory as the capitalization of ex- 
pected future rents. 

Melichar (1979) and Alston assume that net 
rents are e> pected to grow at the constant rate 
g so that Elyas] = (1 + g)’y, for all t. In this 
case, the value of Y, implied by (1) simplifies 
to Y, = (1/"r — g))y,, provided that r is larger 
than g. According to this model, land prices 
should grow at the same rate as rents grow. Us- 
ing U.S. agzregate data since 1950 (Melichar) 
and data from eight midwestern states since 1960 
(Alston), these authors compare average annual 
growth rates of real land prices and real returns 
to land ownership over various sample periods 
and find that these averages are close to one an- 
other. They conclude that most of the variation 
in farmland prices over time can be attributed 
to changes ir net rental income. 

Burt assumes that, although (1) may provide 
a reasonable cescription of the long-run or steady- 
state equilibrrum behavior of farmland price de- 
termination; # is less likely to be an appropriate 
representatior. of the short-run behavior of farm- 
land prices. However, net rents may still be the 
primary factors determining land prices. To 


quantify this view Burt assumes that Y, is de- 


termined according to the distributed lag model, 


(3) - Y, = (Ay; Yeni. + -Jll 


where log u, i3 a zero-mean stationary process, 


qa is the inverse of the real interest rate, and bo, 


b,,... are fixed parameters which sum to unity.’ 
He estimates a restricted version of (3) and then 
shows according to a variety of descriptive cri- 
teria that it cam provide a good in-sample fit to 
Illinois annual farmland price data over the pe- 
riod 1960—34 end that it has good out-of-sample 
predictive power (treating out-of-sample rents 
as known ex cnte). He concludes (p. 25) that 
his results “strongly support the view that rents 
are the underlying source of value, and there is 
little evidence tnat farmland prices are driven by 
the same speculative forces as those for nonin- 
come-earning assets such as precious metals and 
stones.” He also concludes, however, that there 
are aspects of the relationship between land prices . 
and rents which are not consistent with the pres- 
ent value mode.. : 

In contrast to Alston, Burt, and Melichar 
(1979), Featherstone and Baker conclude that 


' Burt assumed that :n the long run rents converge to the constant 


y*. Because the uncon-litional expectation of u, is equal to one and ` 


the b's sum to one, it follows from (3) that Y, will converge to ay*, 
which is consistent wih (1) under the assumption that y, is equal 
to y* for all r. 


~ 
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net rents cannot explain a substantial portion of 
farmland price movements, suggesting that there 
may be purely speculative forces in farmland 
price determination. Furthermore, to the extent 
that farmland prices do respond to unanticipated 


changes in current and expected future rents, the © 


responses are too large and protracted to be con- 
sistent with a present value formulation. These 
conclusions are based on an application of Sims’s 
innovation accounting method to an estimated 
vector autoregression of U.S. annual real farm 
asset values, real net returns, and real interest 
rates. 

In summary, a review of the recent literature 
indicates that a variety of strategies have been 
used to evaluate the plausibility of the present 
value model of farmland prices with mixed con- 


` clusions. However, none of the strategies in- 


corporate a formal test of the restrictions that the 
model imposes on the data. The main purpose 
of this paper is to fill that gap. 


A Strategy for Testing the Present Value. 
Model of Farmland Prices 


The purpose of this section is to explain the sta- 


tistical procedures that will be used to evaluate 
whether Iowa farmland prices evolve according 
to the present value relationship. In contrast to 


the literature reviewed above, these procedures — 


will lead to formal tests of the model. The strat- 
egy is fully described by Campbell and Shiller 
(1987) and thus will be only briefly reviewed 
here. 

We begin with the assumption that the present 
value model (1) is a valid representation of the 
relationship between real farmland prices at the 
start of year £ and current and expected future 
real net rents, where current rent accrues to the 
landowner at the end of period t. The model as- 
sumes that the discount rate B and, hence, the 
real interest rate r are constants.” The market’s 
expectations are assumed rational so that Ef ynl] 


? Burt also assumed that the discount rate is constant over time. 
Although Featherstone and Baker incorporated observed real inter- 
est rates in their VAR analysis to account for a time-varying dis- 
count rate, changes in the real interest rate had only a marginal 
effect on the time path of land prices. While it is possible to allow 
for a time-varying discount rate (e.g., Campbell and Shiller 1988), 
this requires additional less appealing restrictions on the model’s 
Structure. Furthermore, the constant discount rate version of the 
model is more convenient to work with analytically and empiri- 
cally. It should not be abandoned without compelling empirical ar- 
guments. The absence of a formal test of the constant discount rate 
version of the present value model of farmland prices, prior to this 
paper, indicates that such arguments do not yet exist. 
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is interpreted as the mathematical conditional 
expectation of y,,, given the information set J,. 
The only restriction imposed on this information 
set is that it contains at least Y,, Y,-,, ... and y, 
y,-1) ..-» Let H, denote this subset of J,. 

Real net rent time series show a tendency to 
grow over time; therefore, real net rents are 
nonstationary in their mean. One common mod- 
eling approach is to assume that the process is 
stationary around a nonstochastic linear trend. 
An alternative assumption is that the process is 
difference stationary, i.e., the first differences 
of the process form a stationary process. The 
choice of assumption has important statistical and 
economic implications.* For example, an un- 
anticipated change in a trend stationary process 
has only a temporary effect on the process, 
whereas an unanticipated change in a difference 
Stationary process has a permanent effect. As- 
sume for now that net rents evolve as a differ- 
ence stationary process. 

If the present value model is correct and if net 
rents evolve as a difference stationary process, 
then it can be shown (Campbell and Shiller 1987) 
that Y, is also a difference stationary process. 
One battery of tests of the present value model 
will consist of Dickey-Fuller tests to determine 
whether the pattern of stationarity between land 
prices and rents is consistent with this impli- 
cation of the present value model. 

Next, define a new variable S, called the spread 
which is the linear combination of Y, and y, given 
by 


(4) S; a Y, a OY,» 


where @ is determined by the discount factor ac- 
cording to 0 = B/(1 — B); thus, it equals the 
reciprocal of the real interest rate. Campbell and 
Shiller show that if the present value model is 
correct, then the spread can be interpreted as the 
rational forecast of the present value of all fu- 
ture changes in net rents. 


> This restriction requires an assumption that cash rent payments 
in year f are known at the start of the year which seems reasonable 
if these payments are based upon contracts written at the start of 
that year. Campbell and Shiller (1987) show how to modify their 
procedures if these payments are not determined until later in the 
year. All of the empirical analysis in this paper was also executed 
in terms of that modified procedure. The results were not sensitive 
to these modifications. 

* Whether economic time series are better characterized as dif- 
ference stationary processes or as trend stationary processes has 
been an important issue in studying the relationship between stock 
market prices and dividends (West 1988a). It is also at the core of 
the current debate in macroeconomics over whether real business 
cycle models or monetary business cycle models offer a more plau- 
sible explanation of the business cycle. At this point the prevailing 
view appears to favor the assumption of difference stationarity. 


4 February 199] 


The present value model imposes testable 
cross-equation restrictions on the vector auto- 
regressive representation of the change in y,(Ay,) 
and the spread S,. Specifically, if Ay, is assumed 
stationary then the present value model implies 
that S, will be stationary too. Then, under gen- 
eral side conditions, Ay, and S, will have a vec- 
tor autoregressive representation of the form 


(Sa) Ay, = aL) Ay,-. + D@)S-1 + ti 
(Sb) S, zE c(L)Ay,_.; g AL)S,-; T Hars 


where a(L), b(L), c(L), and d(L) are pth-order 
polynomials in the lag operator L, i.e., a(L) = 
ay + aL + aL? + ... + aL’, where L*x, = 
Xs, and u, and uz, are zero-mean, constant 
variance, and serially uncorrelated processes 
which are mutually uncorrelated at all leads and 
lags, except that E[u,,,] may be nonzero. The 
present value model and the stationarity of Ay, 
imply that this VAR will be characterized by S, 
Granger-causing the Ay, process, so that some 
of the elements of b(Z) will be nonzero, and by 
the following cross-equation restrictions: c; = 
— ĝa, i = 1,2, ..., p; di = (1/B) — 6b; and 
d; = — 6b;, i = 2; EE a 

The restriction that $, Granger-causes the Ay, 
process means that, given past changes in net 
rents, past values of the spread add useful in- 
formation in forecasting future changes in rents. 
Recall that the spread can be interpreted as an 
optimal forecast of a weighted average of future 
changes in net rents based upon the market’s 
complete information set. Any information in 
this set beyond lagged values of y, itself that is 
useful in forecasting future changes in y, will be 
reflected in the VAR by a nonzero D(L). This 
Situation is formally proven by Campbell and 
Shiller (1987, footnote 7). 

To interpret the cross-equation restrictions de- 
fine a new variable, x,, according to 


(6) x= Y, + yo U + ryt. 


Thus, according to (2), x, measures the ex post 
excess return to holding land in period t — 1. 
According to the present value model (1), it can 
be shown that another representation of x, is 


(7) xX, = Y, E E[Y|,-1]. 


This follows because the present value model is 
constructed to rule out ex ante excess returns 
and the only component of x, which is assumed 
to be unknown at the start of period t — 1 is the 
end-of-the-period price of land, Y,. Thus, x, can 
also be interpreted as the unpredictable com- 
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ponent in the price of land in period t based upon 
the market’s complete information set in period 
t — 1, 1,,. Because this information set con- 
tains, by assumption, at least the set of past prices 
and returns, H,_,, it follows by the law of it- 
erated expectations that E[x,|H,,] = 0 for all t. 
In other words, according to the present value 
model, current excess returns ought to be un- 
predictable based upon past prices and rents. The 


. cross-equation restrictions on the VAR coeffi- 


cients account for this implication of the model. 

In summary, if land prices evolve according 
to the present value model (1) where market ex- 
pectations are formed rationally on the basis of 
an information set which contains at least past 
prices and rents and if rents evolve as a differ- 
ence stationary process, then the model has test- 
able implications of two types. First, it implies 
that land prices also evolve as a difference sta- 
tionary process. Second, the theory imposes 
Granger-cau:ality and cross-equation restric- 
tions on the rector autoregressive representation 
of the spreac and the changes in rents. 


The Data 


In this paper Y, is measured as the estimated av- 
erage value cf an acre of lowa farmland in year 
t and y, is measured as the estimated average 
annual cash rent per acre of Iowa farmland in 
year t. Each series is divided by the correspond- 
ing year’s consumer price index (1967 = 100). 
The sample period is 1921-86. 

The time series of average annual prices per 
acre of Iowa farmland was constructed by splic- 
ing the U.S. Department of Agriculture’s (USDA) 
farm real estate value, by state, series (1921— 
49) with Iowa State University Extension Ser- 
vice’s Iowa .and value series (1950-86). The 
latter series is considered to be a more reliable 
measure of average Iowa land prices since 1950. 
The differences between the two series since 1950 
are not large enough to substantially affect the 
results of this study. The USDA’s series is de- 
scribed more fully in Barnard and Hexum. The 
Iowa Land Value Survey data are described more 
fully in the Iowa State University Extension 
Service’s FM-1825 publications. 

The theorezical model assumes that Y, is the 
price at the beginning of the period. It is not 
possible to associate a particular part of the year 
to which the JSDA price measure most closely 
corresponds. The Iowa Land Value Survey re- 
ports end-of-p2riod prices (1.e., November of year 
t). Although the results reported in this paper 
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treat all of these prices as beginning-of-the-year 
prices, the empirical procedures were also done 
using the price reported in year ¢t — 1 (divided 
by the price index for year ¢) to form the mea- 
sure of Y,. The latter results (available from the 
author) are less consistent with the present value 
model. | 

The cash rent time series used to form y, are 
average dollar rents paid per acre for the rental 
of whole Iowa farms (i.e., land and buildings). 
These data are estimates produced by the lowa 
Agricultural Statistics Service (formerly known 
as the Iowa Crop and Livestock Reporting Ser- 
vice). They are published by the USDA’s Eco- 
nomic Research Service. Using cash rents may 
have several shortcomings. Several types of 
farmland leasing contracts are common in Iowa: 
crop-share leases, cash leases, and combina- 
tions of the two. Perhaps a systematic relation- 
ship between the quality of land and the nature 
of the leasing arrangement biases the cash rent 
data as a measure of return per acre. Second, 
factors other than the cash rent influence the 
landowner’s net return, such as owner-borne 
maintenance costs, property taxes, and insur- 
ance premiums. Nevertheless, the active cash 
rent market in Iowa suggests that the use of cash 
rents to index returns may be less of a problem 
than it would in other parts of the country. 

The cash rent and cash price series were con- 
verted to real rent and price series, respectively, 
by dividing each series by the CPI (all items, 
1967 = 100) for that year. The CPI data were 
collected from the U.S. Commerce Depart- 
ment’s publication Historical Statistics of the 
United States: Colonial Times to 1970 (1921— 
70) and from various issues of the Commerce 
Department’s Business Statistics. The choice of 
an appropriate deflator is problematic. The CPI 
was selected because it is the purchasing power 
of consumption goods that motivates portfolio 
allocation choices. It is unlikely that the results 
will be sensitive to the use of other deflators. 

Figure 1 is a time series plot of Y, and y,, where 
the latter is weighted by a constant to provide a 
common scale. Both price and rent are charac- 
terized by positive long-run trends which were 
interrupted by the major declines during the 1920s 
and early 1930s and again in the late 1970s and 
early 1980s. The similarity in the general shapes 
of the two series is confirmed by a sample cross- 
correlation statistic of 0.90. However, casual 
observation suggests that prices fall faster than 
rents when both are falling and prices rise faster 
than rents when both are rising. In other words, 
price movements appear to be more volatile than 
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Figure 1. Price (Y) and weighted rent 
(17.75%y,) 


rent movements. This paper will formally test 
whether prices are excessively volatile relative 
to the predictions of the present value model. 


Test Results 
Unit Root Tests 


The test strategy discussion indicated that the 
tests are not valid unless real rents evolve as a 
difference stationary process. In this case, the 
theory implies that land prices will also evolve 
as a difference stationary process. Thus, the first 
test is whether land prices and rents evolve as 
difference stationary processes rather than trend 
stationary processes. 

Consider the following representations of rents 
and prices, respectively, 


(7) Ay, =æ + ĝt + py; + u,, and 
(8) AY, = a! + &'t + Yi tvo 


where u, and v, are zero-mean, constant vari- 
ance, and serially uncorrelated disturbance pro- 
cesses. Under the null hypothesis that y,(Y,) is 
difference stationary the parameters 6 and (6’ 
and œ’) are jointly equal to zero. Under trend 
stationarity, 6(6’) is unrestricted and ¢(¢’) is 
between zero and negative one. The Dickey- 
Fuller test of the null hypothesis is based upon 
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a comparison of the standard t-statistic obtained 
from a regression of Ay, on a constant, t, and 
Yı (and of AY, on a constant, t, and Y,_,) and 
the critical values of this statistic under the null 
hypothesis. The distribution of the t-statistic un- 
der the null hypothesis is nonstandard, and so 
the critical values cannot be extracted from the 
usual tables. The critical values for the non- 
standard distribution are available in Fuller (p. 
373). 

Table 1 shows the Dickey-Fuller test results. 
The null hypothesis that land prices and rents 
are stationary in their respective first differences 
cannot be rejected.” Thus, the crucial precon- 
dition of the testing strategy and one of the sub- 
sequent implications of the present value model 
are assumed to be satisfied. 


Testing the VAR Restrictions 


The next step is to test the restrictions that the 
present value model imposes on the VAR rep- 
resentation of Ay, and $, The process S$, is not 
directly observable since according to (4) it de- 
pends upon 9, the reciprocal of the unobservable 
constant real interest rate appropriate for dis- 
counting future income. However, a consistent 
estimator of @ is the regression coefficient on y, 
in a regression of Y, on y, and a constant.° This 


5 A modified version of the Dickey-Fuller test proposed by Said 
and Dickey was applied to account for possible serial correlation 
in the disturbances in (7) and (8). A version of the test developed 


by Phillips and Perron was applied to account for possible serial — 


correlation or heteroskedasticity in these disturbances. The results 
consistently support the null hypothesis of difference stationarity. 
The possibility of a second unit root in each series was also con- 
sidered and rejected. This is important because Diba and Grossman 
have shown that if y, has exactly one unit root then the presence 
of at least two unit roots in Y, is a necessary condition for deviations 
from the present value model because of a rational bubble. Further 
discussion and results pertaining to the unit root issue are available 
in Falk. 

6 This follows because one way to interpret the implication of the 
theory is that Y, and y, are cointegrated processes of order (1, 1). 
See Campbell and Shiller (1987) or, for a more complete discussion 
of cointegrated processes, see Engle and Granger. 


Table 1. Dickey-Fuller Unit Root Tests 





Unrestricted model: Az, = a + ĝt + yz,, + u, 
H: 6 = y= 0 


(z, is difference stationary) 


Z; T 
Yı = 2S 
Y, —2.50 





Note: 7 is the “t-statistic” on the regression coefficient on z,_, in 
the unrestricted model. Hp is rejected at the 10% level of signifi- 
cance if r < ~3.18. See the third section of Fuller’s table 8.5.2. 
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estimate of € is 17.75, which implies an annual 
real interest -ate of 5.6%.’ Based upon this es- 
timate of 8 we can construct a consistent esti- 
mator of $, eccording to (4). 

The umrescricted VAR representation of Ay, 
and S, was assumed to have a third-order lag 
structure based upon the results of Sims’ (1980) 
modified likelihood ratio test. Table 2 contains 
a summa-y cf the VAR, which was estimated 
by OLS, incLiding the results of tests of the re- 
Strictions implied by the present value model. 
The R? of the Ay equation implies that over 50% 
of the chenge in real cash rents is predictable on 
the basis of ms own past changes and the past 
history of the spread. The Granger-causality test 
cannot reject the hypothesis that the spread 
Granger-causes changes in rents, which is an 
implication of the present value model provided 
that the market uses information other than past 
values of > to forecast current and future changes 
in y. 

The cross-equation linear restrictions implied 
by the prezent value model also are tested. These 
restrictions co-respond to the restriction that ex- 
cess returrs in the Iowa farmland market are not 
predictable ard, hence, that systematic profit 
opportunities Jo not typically exist. Wald tests 
were executed in RATS based upon White’s 
heteroskedastizity-consistent covariance matrix 
estimator. Ths estimator accounts for the dif- 
ference betwe2n the variances of the two dis- 
turbance processes in the VAR as well as the 
contemporaneous correlation between those two 
processes. The model was estimated without re- 
stricting the mzan of either Ay, or S,. However, 
the present value model implies that the uncon- 
ditional mean of the spread is zero. Therefore 
the cross-ejuation restrictions were tested with- 
out restricting the mean of S,, and then these 
restrictions weze tested along with this zero re- 
striction. Both versions of the test reject the cross- 
equation rertricions implied by the present value 
model at tke 1% level of significance.® 


Further Analysis 


It is possib_e trat the statistical rejection of the 
implications of the present value model is not 
of economi= importance. That is, the statistical 


7 The mean arnual rate of return in this market, measured as the 
sample mean of (¥,4; — Y, + y)/¥, was 5.7%. 

® The distribu-ion cf the Wald statistic under the null hypothesis 
is based upon azympwtic distribution theory. Campbell and Shill- 
er’s (1989) Morte Calo experiments on the small-sample proper- 
ties of a similar zest s_atistic indicate a slight tendency to reject the 
null too often fer a g-ven test size. 
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Table 2. Testing the Restrictions of the VAR 
Representation of Ay, and S, 


Sample Period: 1921—1986, annual observations 
Lag Length = 3 


Granger-Causality Tests— 
Ay equation R? = .522; S Granger-causes Ay at the 
-00001 level. 
S equation R? = .825; Ay Granger-causes § at the 
.018 level. 
Wald Tests of the Cross-Equation Restrictions— 
without the mean restriction: y*(6) = 38.27, p-value = 
.99E-06 
with the mean restriction: y’(7) = 39.38, p-value = 
.17E-05. 


failure of the present value model implies that 
the absence of systematic excess profit oppor- 
tunities in the Iowa land market is quite un- 
likely. However, the magnitude of the profit 
opportunities may be small enough to be dis- 
regarded. In this section an argument is made 
that the statistical results reported above are the 
result of economically important deviations from 
the present value model. 

Let S; denote the expected present value of all 
future changes in rent conditional upon current 
and past prices and rents, multiplied by the con- 
stant @: 


(9) S'= 0 >) BE[Ay,.JHA, 
i=] 


where the information set H, contains current and 
past values of land prices and rents. Based upon 
the unrestricted VAR representation of Ay, and 
S, given by (5) it can be shown (Campbell and 
Shiller, 1987, p. 1068) that 


(10) S! = 0h’ BAU — BA) `Z, 

where hh’ is the 1 X 2p row vector 
[1 0 0]; J is the 2p X 2p identity ma- 
ix; a= [AY ps «35 Ajai; Sys 2-3 S,-p4) 5. and 


A is the 2p X 2p companion matrix of the VAR, 
Les 


Gi ay as Gy-1 a, 

l 0 0 0 0 

0 I 0 0 0 

A= 0O 0 90 1 0 
Cy Cy C3 Cp-1 Cp 

o 0O 9 0 0 

0 0 0 0 0 

0 0 9 0 0 
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Thus, S; can be estimated based upon the pre- 
vious estimates of 0 (and, hence, B) and the VAR 
coefficients. : 

The observed spread, S, and the theoretical 
spread, $, are related according to 


(11) Si-S,= >) BEIx.\HA, 


i=l 


where x, was defined previously as the excess 
return in period ¢ to land ownership.’ Thus, the 
difference between the theoretical spread and the 
actual spread measures the expected present value 
of predictable excess future returns. According 
to the present value model, predictable excess 
returns should be zero, i.e., the actual and the- 
oretical spreads should be equivalent. There- 
fore, sampling error aside, observed deviations 
of the actual spread from the theoretical spread 
indicate persistent predictable excess positive 
and/or negative returns in the Iowa farmland 
market. 

Figure 2 indicates a strong degree of negative 
correlation between the time-series plots of S, 
and S;. The sample correlation between these two 
time series is —.86 with a numerically estimated 
standard error of .07. The extreme negative cor- 
relation is too large to be attributable to sam- 
pling error or to measurement errors associated 
with the use of cash rents to measure net returns 
to land ownership. 

It is interesting to compare these results with 
those of Campbell and Shiller in their study of 
stock market prices. They also rejected the cross- 
equation restrictions on the VAR. When they 
used the sample mean annual rate of return on 
stock ownership (8.2%), they computed a cor- 
relation between the theoretical and actual spreads 
of —.46. Thus, the results for the U.S. stock 
market and the Iowa farmland market are con- 
sistent with one another and suggest the pres- 
ence of some common underlying tendencies. 
This consistency also helps to confirm the value 


? Equation (11) can be derived from equations (4), (6), and (10). 


b b b b,-1 b, 
0 0 0 0 Oo 
0 0 O 0 0 
0 0 0 0 0 
d da d di d, 
i O0 0 0 O 
0 1 0 0 0 
0 0 0 1 0 
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Figure 2. Theoretical spread (5;) and actual 


spread (S,) 


of applying this analytical approach to the study 
of farmland prices. 

On the basis of figure 2 it appears that the 
statistical rejection of the present value model is 
attributable to sustained periods of positive (or 
negative) expected excess returns to holding lowa 
farmland. Furthermore, the sign and magnitude 
of these expected excess returns vary directly 
with the sign and magnitude of the theoretical 
spread (and inversely with the sign and mag- 
nitude of the actual spread). Loosely speaking, 
Iowa farmland prices tend to be unusually high 
(low) when the present values of expected fu- 
ture changes in rents are unusually low (high). 

One possible explanation of these features of 
the data is that traders in the Iowa farmland mar- 
ket act in a myopic manner. Suppose that’ the 
changes in rents are positively autocorrelated and 
a sequence of decreases in real rents (relative to 
the mean change) occurs. The stationarity of these 
first differences means that the sequences of de- 
creases will subsequently be offset by a se- 
quence of increases before stabilizing at their 
mean value. If, however, traders ignore the ten- 
dency of runs of decreases to be offset by runs 
of increases and instead assume that recent 
changes are permanent or will be exacerbated 
over time, then the price of land will be driven 
downward. Although the theoretical spread will 
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Figure 3. Prce (Y,), weighted-rent (17.75*y,), 
and rational price (Y;) 


be positive due to the transitory fall in rents, the 
actual spread will be negative because of the er- 
roneous perception that the fall is permanent. 

Another view is offered by comparing the be- 
havior of the actual price, the ex ante rational 
price, and actual rents. ° Figure 3 contains a plot 
of the actual-real price (Y,), the ex ante rational 
price (Y;) derived according to Y; = S; + Oy, 
and real rents weighted by the constant 9.'’ No- 
tice that Y, tends to move less than proportion- 
ally with respect to changes in y, while Y, tends 
to move more than proportionally with respect 
to such changes. In other words, Iowa farmland 
prices show a tendency to overreact to move- 
ments in rents. These tendencies are especially 
apparent during the most volatile periods of the 
sample period. They suggest that @y, will tend 
to lie between Y, and Y/, and, therefore, S, will 
be negatively correlated with S;. 


Concluding Cemments 


Recent studies of farmland prices have sug- 
gested that net rents are the primary determinant 


0 This explanation and the use of figure 3 to. suppert it were 
suggested to me by Fobert Shiller. 

! The rational prics would prevail according to (4) if the theo- 
retical spread (5/) and the actual spread (5,) are equal to one an- 
other, i.e., in the absence of exploitable profit opportunities. 
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of farmland prices (Alston, Burt, and Melichar) 
but that these prices tend to overreact to recent 
changes in rents (Featherstone and Baker). This 
paper has utilized statistical techniques devel- 
oped in the financial economics literature to study 
the relationship between financial asset prices 
and returns in order to assess these conclusions. 
Using Iowa farmland price. and rent data over 
the 1921-86 sample period, the results indicate 
that although farmland price and rent move- 
ments are highly correlated, price movements 
are much more volatile than rent movements. A 
formal test of the cross-equation restrictions im- 
posed by the present value model of farmland 
price determination failed to support these re- 
strictions and, therefore, the model itself. Sub- 
sequent analysis suggested that the model’s sta- 
tistical failure is attributable to economic factors 
rather than to measurement and sampling error. 

One possible explanation of the model’s fail- 
ure is that the Iowa farmland market is char- 
acterized by rational bubbles. A rational bubble 
reflects a tendency for price to deviate from its 
fundamental value in a nonstationary manner as 
a result of self-fulfilling beliefs that the price 
depends on a variable (or a group of variables) 
that may be intrinsically irrelevant with respect 
to the asset’s fundamental value (e.g., Diba and 
Grossman). The presence of such bubbles does 
not appear to characterize the U.S. stock mar- 
ket, and Falk has argued that they seem unlikely 
in lowa farmland prices as well. 

Another possible explanation that is consis- 
tent with rational investor behavior is that the 
discount rate in the present value model is time 
varying. Shiller, West (1988b), and Campbell 
and Shiller (1988) concluded that this explana- 
tion cannot reconcile the behavior of stock mar- 
ket prices and dividends with the present value 
model. Nonetheless, further research could ex- 
plore this issue for farmland valuation. 


Perhaps the most promising direction for fu- © 


ture research into the determination of farmland 
prices is the study of nontraditional, or fad, 
models. In these models (e.g., Summers), prices 
tend to overreact to movements in current and 
recent returns. Although price has a tendency to 
return ultimately to its fundamental value (in 
contrast to a rational bubble), it may be years 
before this return occurs. In the meantime, sys- 
tematic profit opportunities exist in the market 
although they may be difficult to detect and ex- 
ploit. 


[Received October 1988; final revision 
received March 1990.] 
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Campaign Contributions and House 
Voting on Sugar and Dairy 


Legislation 


David G. Abler 


In this article, I explore the determinants of campaign contributions by sugar and dairy 
producer PACs and their role in voting on sugar and dairy legislation in the U.S. House 
of Representatives. Contributions and voting may be linked in two ways. First, a group 
can buy votes from a legislator who would otherwise not support the group. Second, it 
can help elect a legislator who is ideologically predisposed to support the group. Results 
indicate that the first linkage is not important. Virtually the entire observed association 


between money and voting is a result of the second linkage. 


Key words: farm groups, farm legislation, PACs, rent seeking, voting. 


Growing evidence demonstrates the simultane- 
ity between economic conditions and agricul- 
tural policy outcomes (Gardner, Lopez, Honma 
and Hayami). Agricultural policy affects eco- 
nomic conditions in ways that have been ex- 
haustively studied. Economic conditions affect 
policy because they influence the gains or losses 
to various political influence groups from a given 
program and, in turn, the extent to which they 
lobby for or against that program. In light of the 
dominant role of policy in agriculture in most 
countries, an understanding of economic events 
in agriculture requires an appreciation of both 
parts of this simultaneous relationship. 

Most of the influential farm groups have sig- 
nificant membership in only a small number of 
districts in the U.S. Congress, and yet they re- 
ceive sizable political favors. A study of the 1985 
farm bill (Abler) found vote trading used heavily 
by tobacco, sugar, peanut, and dairy farmers, 
with other farm groups trading votes to a lesser 
extent. At the same time, many farm groups have 
political action committees (PACs) that give 
campaign contributions as part of their rent- 
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seeking activities. The purpose of this article is 
to explore the determinants of campaign contri- 
butions by sugar and dairy producer PACs and 
their role in voting on sugar and dairy legisla- 
tion in the U.S. House. | 

A group that gives money to a legislator ob- 
viously expects something in return. The return 
can occur in two ways. First, the group can buy 
votes from a legislator already in office, one who 
would not support the group without the con- 
tribution. Second, it can use contributions to help 
elect a legislator who, because of personal ide- 
ology or some other reason, is predisposed to 
support the group. If elected, this legislator sup- 
ports the group regardless of the amount it con- 
tributed. The first linkage is considered the most 
important, but there is little hard evidence one 
way or another. This article tests if either or both 
of these linkages is present. 

Votes in the House on sugar and dairy amend- 
ments to the 1985 farm bill are studied. Of the 
farm groups, only sugar, dairy, cotton, and cat- 
tle producers give campaign contributions to 
enough representatives to do statistical work in 
which contributions is a dependent variable. Of 
these four groups, only sugar and dairy farmers 
faced amendments specifically directed at them. 
A group-specific amendment is necessary for a 
clean test of linkages between contributions and 
voting. With a motion affecting several groups, 
the impact of each group on a representative’s 
vote must be distinguished. 


Copyright 1991 American Agricultural Economics Association 


12 February 1991 
The Model 


To analyze the determinants of campaign con- 
tributions and voting, consider the following si- 
multaneous-equation vote-contributions model: 


(1) yi = VEYA) + Bitu t+ tis 
(2) Ya = Yok yi) + Bora, + Ouz. 


Here, yj is a latent variable indicating the pro- 
pensity of the ¢th representative to vote for an 
interest group-specific piece of legislation. The 
observed counterpart of y# is 


jl yko 
(3) Yir c yt < 0, 


‘where yı = 1 for a yes vote; y,, = 0 for a no 
vote; yz, is the net amount of campaign money 
received by the representative from the interest 
group, defined as the amount contributed to that 
representative minus the amount given to his or 
her electoral opponent(s). 

Previous studies generally have treated con- 
tributions to electoral opponents as an exoge- 
nous variable in an equation explaining gross 
_ contributions to the representative or ignored them 

entirely. Neither approach seems satisfactory. 
Ideally, the model would have separate equa- 
tions for contributions to the representative and 
contributions to his or her opponents. A single 
net contribution equation is used to keep the 
model econometrically tractable.’ 

A vector of variables, x,,, indicates constitu- 
ent interests in the motion and the representa- 
tive’s personal ideology. A vector of variables, 
Xə» Measures the legislative power of the rep- 
resentative if elected and the impact of cam- 
paign contributions on his or her probability of 
election. These variables capture the expected 
returns to a group from a contribution. In ad- 
dition, Yı, Y2, and o are coefficients; 8, and B 
are vectors of coefficients; and u, and u, are 
normally distributed random errors with zero 
means and unit variances. 

Equation (1) expresses the propensity to sup- 
port the legislation as a function of expected net 


! In this study, counterintuitive results were obtained when gross 
contributions were used instead of net contributions. Although the 
impact of voting on contributions was of the expected sign, the 
impact of contributions on voting was not. The problem may reflect 
several cases where both a representative and his or her opponent(s) 
received a lot of money, generating a large value for gross contri- 
butions but a small or negative value for net contributions. Many 
of these representatives voted for the anti-sugar or anti-dairy leg- 
islation. 
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Campaign contributions and exogenous vari- 
ables. Equation (2) expresses net contributions 
as a function of expected support for the legis- 
lation and excgenous variables. These expected 
values are ottained by taking expectations of 
equations (1) and (2), and solving the two-equa- 
tion system fcr E(y*) and E(v,,).” Expectations 
are used becaise neither the representative nor 
the group car be certain of what the other is 
doing. The representative does not know what 
future contributions will be when he or she votes. 
The group camnot be sure what the representa- 
tive will do wren it contributes prior to the vote.” 

Both the legislative motions considered here 
would have harmed their respective interest 
groups. If the first linkage between contribu- 
tions and votinz is true (simply buying votes from 
someone already in office), then y; < 0. In this 
case, additione] money reduces the likelihood of 
voting for the motion regardless of constituent 
interests or th2 representative’s personal pref- 
erences. If this linkage is false, y, = 0. If the 
second linkage is true (helping to elect someone 
predisposed to support the group), then y, < 0. 
Ir this case, money is more likely to go to 
someone whos2 constituent interests or personal 
preferences dictate an opposition to the motion. 
If this linkage is false, y, = 0. 

As a caveat, several interest groups may have 
a stake in the legislation.* A single group is used 
here to keep the model clearly focused and 
econometricall tractable. 


Data and Var _ables 


Votes on two amendments to the 1985 farm bill 
are studied. The first, an anti-sugar motion, 
would have lowered the loan rate of 18¢ per 
pound for raw cane sugar in 1985 to 15¢ per 
pound in 1988 (with the same percentage re- 
duction for beet sugar). It was defeated 147— 
268 (35%). The second, an anti-dairy motion, 
would have reduced the milk price support 50¢ 
per hundredwezght per year if government pur- 
chases exceeded 5 billion pounds. It would also 
have eliminatec the bill’s increases in payment 


? The solutions are F(yf) = (Bix, + 7:82%2)/(1 — yy) and Elya) 
= (Bix), + B3x2,)/(1 — yyy¥2). The model’s consistency require- 
ment is yy < 1. 

> As explained below, both contributions before and after the vote 
are included in this study. An extended analysis would look at vot- 
ing and contributions :n a dynamic setting. 

Examples are the Sugar Users Group and the Milk Industry 
Foundation. However, their impact on the 1985 farm bill was def- 
initely limited (Brown, pp. 174-75). 


Abler 


differentials in thirty-three milk marketing order 
districts. It was defeated 167—247 (40%). Data 
sources and definitions for all variables are in 
the appendix. 

Contributions during 1983—86 by PACs af- 
filiated with sugar and dairy farmers to repre- 
sentatives of the 99th Congress (1985—86) and 
their electoral opponents (in 1987 dollars) are 
used.” Contributions both before and after the 
votes are used to help avoid prejudging the di- 
rection of causality between money and voting. 
Omitted from the analyses are two representa- 
tives serving by 1985 appointment, because they 
could not have received campaign money in 
1984, and the House Speaker. Also omitted are 
all those who ran for the Senate or state office 
in 1986, as well as those who retired voluntarily 
or died between the time of the votes and the 
1986 election. 

A breakdown of the representatives by voting 
and net contributions is in tables 1 and 2. Voting 
and money are clearly associated. The large ma- 
jority of representatives with positive net con- 
tributions voted against the motions. Very few 
representatives with zero or negative net contri- 
butions voted against them. The behavior of those 
who abstained or voted for these motions in spite 
of having positive net contributions can be partly 
understood by looking at table 3. It shows av- 
erage net contributions for those whose net con- 
tributions were nonzero. Those who abstained 
or voted for the motions received much less on 
average than those who voted against them. 
Among those whose net contributions were neg- 
ative, those who voted no had slightly less spent 
against them than those who voted yes. 

There are too few abstentions to study the de- 
terminants of abstaining, so they are excluded 
from the simultaneous-equation analyses.° 
Clearly, though, the decision to vote can be as 
important as the decision about how to vote. 

Exogenous variables in the vote equation in- 
clude the representative’s party, his or her “con- 
servatism” (an index from 0 to 1), and the log 
of one plus group size. Group size is the number 
of farms in the sugar or dairy standard industrial 
classification (SIC). District-level data on farm 


* Some of the PACs represent more than just farm interests. For 
example, the American Sugarcane League and Florida Sugarcane 
League include processors. However, they are predominantly pro- 
ducer organizations (Browne, p. 30). 

© A simple option would be to model voting as an ordered probit 
equation, with an abstention between a yes and a no. However, 
even this option is precluded by the limited number of abstentions. 
For sugar, the Hessian was not negative definite at the apparent 
maximum of the log-likelihood function. j 
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Table 1. Sugar: Voting and Campaign Con- 
tributions 

Vote 
Net Campaign 
Contributions No Abstain Yes Total 
Positive 224 10 49 283 
Zero 12 2 77 9] 
Negative 6 I 10 17 
Total 242 13 136 391 


Table 2. Dairy: Voting and Campaign Con- 
tributions 


Vote 
Net Campaign 
Contributions No Abstain Yes Total 
Positive 202 8 76 286 
Zero 17 5 60 82 
Negative 5 2 16 23 
Total 224 15 152 391 


Table 3. Average Net Contribution Per 
Representative 


Net Contributions 


Sugar Dairy 
Vote Negative Positive Negative Positive 
No $—271 $2,694 $-4,224 $11,642 
Abstain 155° 1,834 —2,074* 5,208 
Yes = 320 737 4,596 3,552 


Note: The figures marked with an asterisk should be viewed with 
caution because they are averages over only 1 or 2 individuals. 


organization membership and the number of PAC 
contributors are not publicly available. Both 
group size in the representative’s district and in 
his or her state are included. The latter controls 
for spillover effects from one district to another 
within a state. Also included is the log of one 
plus other farms in the district, defined as the 
total number of farms minus the number in the 
sugar or dairy SIC. This variable is included to 
control for vote trading (Abler). Other exoge- 
nous variables are the fraction of adults with at 
least a high school education in the district and 
the representative’s region.’ 

Exogenous variables in the contribution equa- 


1 The log of median family income was also tried. Together, nei- 
ther income nor education was statistically significant. Separately, 
education dominated income in terms of asymptotic t-ratios. 
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tion include party, conservatism, the represen- 
tative’s “extremism” (an index from 0 to 1), the 
log of seniority, and a dummy for incumbency.” 
Extremism measures deviations from the middle 
of the road in either direction, so that extreme 
liberals and extreme conservatives score near 1. 
More extreme legislators may find the compro- 
mises necessary to build successful coalitions less 
appealing and so may suffer in terms of political 
influence. Seniority is the reciprocal of the rep- 
resentative’s rank within his or her party and is 
a measure of political power. Incumbency, set 
equal to i if the representative began service prior 
to November 1984, is a measure of the impact 
of money on the probability of election. Incum- 
bents have well-known electoral advantages over 
challengers. 

Net contributions are measured as d(m) log (1 
+ |m), where m is the net amount of campaign 
money received and 6(-) is the sign function. 
Log transformations here and on the group size 
variables mitigate against outliers. 


Results 


Maximum likelihood estimates of the simulta- 
neous-equation systems are in table 4. The re- 
sults for sugar and dairy tell the same story with 
respect to the linkages between voting and con- 
tributions. The expected propensity to vote for 
an anti-group motion has a negative and statis- 
tically significant effect on group contributions. 
For each group, money apparently goes to peo- 
ple who like its programs. However, expected 
net contributions have a negative and statisti- 
cally insignificant impact on voting. Neither sugar 
nor dairy PACs seem to be able to buy votes 
directly from representatives. Virtually the en- 
tire association between money and voting ap- 
pears to operate through the election of those 
predisposed to support sugar or dairy programs. 

These results on the direction of causality be- 
tween money and voting are consistent with 
Chappell. Looking at several issues, including 
dairy price supports in 1975, he found little ef- 
fect of contributions on voting after accounting 
for correlated errors in the vote and contribution 
equations. The results are also consistent with 


® Membership on the House Agriculture Committee and the sugar 
yr dairy subcommittee were also tried. However, there are too few 
nembers on each subcommittee or even the committee to use these 
variables. For both sugar and dairy, the Hessian was not negative 
lefinite at the apparent maximum of the log-likelihood function 
when either variable was included. 
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Peltzman, who found that ideological and party 
affiliation differences among senators were 
largely explained by characteristics of campaign 
contributors and constituents as a whole. Con- 
trast the results with single-equation models, 
which typically show that money has a large ef- 
fect on voting (e.g., Welch).° 

Incumbents start out with large advantages over 
challengers, as is well known, and the results 
suggest that they are augmented by sugar and 
dairy PACs. Interestingly, seniority is not an 
important factor in contribution decisions. Those 
with more seniority have more power and can 
exercise some control over other members, but 
this may give them a greater ability to ignore 
PACs. Although extremism has the expected 
sign, it is not statistically significant. 

There is weak evidence that conservatives re- 
ceive more money, which may result from their 
political clout during the first half of the 1980s. 
Party does not seem to influence contribution 
decisions. Democrats had firm control of the 
House in 1985, but this may have been offset 
by the Republicans’ greater access to President 
Reagan. The results for conservatism and party 
suggest that sugar and dairy contributions can 
depend on the larger political environment as well 
as the specifics of a representative and his or her 
constituents. 

In the vote equation, spillover effects from one 
district to another within a state appear impor- 
tant for sugar but not dairy. Sugar growers re- 
ceived support from other farms, whereas dairy 
farmers did not. Education is positively asso- 
ciated with support for the anti-sugar and anti- 
dairy motions. This makes sense because the 
more educated have higher incomes on average 
and likely are more knowledgeable about the 
impacts of sugar and dairy programs. 


Conclusions 


In this article, I have explored the determinants 
of campaign contributions by sugar and dairy 
PACs and their role in voting on sugar and dairy 
legislation in the U.S. House of Representa- 
tives. Voting on anti-sugar and anti-dairy 
amendments to the 1985 farm bill and campaign 
contributions in 1983—86 by PACs affiliated with 
sugar and dairy farmers were studied. A strong 


? Single-equatian probit estimates here of the impact of net con- 


tribucions on voting yield coefficients (absolute t-ratios) of —0.22 
(7.8) for sugar and —0.11 (6.3) for dairy. 
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Table 4. Simultaneous Equation Results 





Sugar Dairy 
Variable Vote Contributions Vote Contributions 
Expected propensity =:1.02* = lor 
to vote yes (3.7) (3.6) 
Expected net —0.11 —0.004 
contributions (1.1) (0.0) 
Party 0.36 —0.52 0.72 —1.19 
(Dem. = 0, Rep. = 1) (1.0) (0.7) (1.4) (1.1) 
Conservatism —0.06 1.39 0.64 2.49 
(between 0 and 1) (0.1) (1.3) (1.3) (1.6) 
Extremism —Q.75 —1.23 
(between 0 and 1) (1.2) (1.2) 
Log (senority) —0.17 0.04 
(1.0) (0.2) 
Incumbent 2.48* 1.65* 
(No = 0, Yes = 1) (4.0) (2.1) 
Log(1 + group size): 
In district —0.07 —0.21* 
(0.7) (2.2) 
In state —0.13* —0.04 
(2.9) (0.6) 
Log(1 + other farms) —0,13* 0.02 
(4.4) (0.5) 
Education 5.19* 2.49* 
(fraction with high school) (4.0) (2.2) 
Regional dummies: 
Mid-Atlantic —0.6i 0.11 —0.6i 1.31 
(1.3) (0.1) (1.2) (0.8) 
EN Central —0.79 1.76 —1.13 1.06 
(1.5) (1.8) (1.8) (0.7) 
WN Central —2.60* 1.57 —2.09* 1.18 
(3.2) (1.1) (2.2) (0.6) 
S Atlantic —1.03 2.37* —1.01 0.31 
(1.6) (2.1) (1.9) (0.2) 
ES Central —0.56 . 2.99* — 1.08 0.57 
(0.8) (2.4) (1.7) (0.3) 
WS Central —1.13 0.78 a ki —1.58 
(1.9) (0.6) (2.9) (0.9) 
Mountain —1.09 3.36* —1,58™ 0.59 
(1.4) (2.5) (2.2) (0.3) 
Pacific —2.17* 1.65 —1.05* —0.34 
(3.2) (1.4) (2.2) (0.2) 
Intercept =1,37 —0.04 —0.57 3.41 
(1.4) (0.0) (0.5) (1.8) 
Efron’s R? 0.42 0.36 0.28 0.23 
Sample size 378 376 


Note: Absolute values of asymptotic f-ratios are in parentheses. An asterisk denotes a t-ratio at least 2 in absolute value. Maximum 
likelihood estimates (1-ratios) for o are 3.11 (27.3) for sugar and 4.31 (27.3) for dairy, compared with sample standard deviations for 


the net contributions variable of 3.88 and 4.92. 


association between money and voting was found. 
However, the results show that sugar and dairy 
farmers were unable to use campaign contribu- 
tions to buy votes from representatives who might 
otherwise vote against them. The association 
appears to result almost entirely from the role 
contributions play in helping to elect people pre- 
disposed to support sugar and dairy programs. 
The major policy implication to come out of 


this study concerns the impact of a limit or ban 
on PAC contributions, which many have pro- 
posed. Given the inability of sugar and dairy 
PACs to buy votes directly, the results imply 
that the short-run impact on sugar and dairy pol- 
icy would be quite small. In the long run, how- 
ever, representatives not so supportive of sugar 
and dairy programs could replace current ones 
as PAC money ceased to be such an important 


16 February 199] 


factor in election campaigns. Thus, the long-run 
impact could be substantial. 


[Received September 1989; final revision 
received April 1990.] 
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Appendix 
Data Sources and Variable Definitions 


Vote. Each of the following actions is counted: a roll call 
vote; a specific (but not general) paired vote; a publicly 
announced position; and a response to a Congressional 
Quarterly poll. The CQ House vote numbers are 289 (sugar) 
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and 290 (dairy). Source: Congressional Quarterly Alma- 
nac, 1985. 


Contributions. Contributions to a representative of the 99th 
Congress made during 1983-86 minus those made to his 
or her electoral opponent(s) (in 1987 dollars). They are 
converted to 1887 dollars with the gross national product 
(GNP) implicit price deflator. For sugar, nine PACs are 
covered: Ame-7ican Sugar Beet Growers Association; 


. American Sugaccane League; California Beet Growers As- | 


sociation; Florida Sugarcane League; Great Lakes Sugar Beet 
Growers Association; Hawaiian Sugar Planters Association; 
Southern Minnesota Beet Sugar Cooperative; Texas Sugar 
Beet Growers association; and U.S. Beet Sugar Associa- 
tion. For dairy. seventeen PACs are covered: Associated 
Milk Producers Inc.; Dairymen’s Ltd. Agricultural Asso- 
ciation; Dairyrren, Inc.; Georgia, Kentucky, Louisiana, 
Mississippi, No-th Carolina, Pennsylvania, Tennessee, and 
Virginia chapters of Dairymen, Inc.; League of California 
Milk Producers; Michigan Milk Producers Association; Mid- 
American Dairymen, Inc.; North Pacific Dairymen’s As- 
sociation; United Dairymen of Arizona; and Western Dairy- 
men’s Association. Source: Federal Election Commission, 
“Committee Index of Candidates Supported /Opposed,” 
1983-84 and 1685—86. 


Party. Democrat = 0, Republican = 1. Source: Congres- 
sional Quarterl, Almanac, 1985. 


Conservatism. Defined as YES/(YES + NO). YES (NO) 
is the number of conservative coalition roll calls on which 
the representative cast a roll call vote in agreement (dis- 
agreement) with the position of the conservative coalition 
in the 99th Congress. The conservative coalition is a voting 
alliance of Repeblicans and Southern Democrats against 
Northern Democrats. A conservative coalition roll call is 
any roll call on which the majority of voting Republicans 
and the majority of voting Southern Democrats cast a roll 
call vote opposice to that cast by the majority of voting 
Northern Democrats, Source: Congressional Quarterly Al- 
manac, 1985 and 1986. 


Extremism. Defined as 2|C — 0.5], where C is the value 
of the conservatism index above. 


Seniority. The æciprocal of the representative’s rank within 
his or her party. Source: Congressional Quarterly Alma- 
nac, 1985. 


Incumbent. Equals 0 if the representative began service 
in November 1934 or later; equals 1 otherwise. Source: 
Congressional Quarterly Almanac, 1985. 


Farm Groups. The number of farms in an appropriate 
standard industrial classification (SIC). 1987. The SICs used 
are sugar (0133) end dairy (024). Congressional district data 
on farm numbers were constructed from county data in the 
1987 Census of Agriculture. For sugar, where county data 
are unavailable, the following approximation is used: SIC, 
= (TOTAL, /TOTAL,SIC;,, where i is state and j is county. 
TOTAL is the total number of farms producing the com- 
modity, while S/C is the number in the commodity’s SIC. 
The number of other farms is the total number of farms of - 
all types minus the number in the sugar or dairy SIC. 


Abler 


The county data were aggregated to congressional district 
data using maps of congressional districts and tables listing 
the congressional districts(s) in each county in the U.S. from 
the Congressional District Atlas, 99th Congress. For a county 
with more than one district in it, the totals for that county 
were apportioned among districts in accordance with a rough 
guess of the percentage of the county’s rural area in each 
district. 
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Education. Fraction of persons aged twenty-five and over 
who have completed high school, 1980. sources: 1980 Cen- 
sus of Population and Housing: Congressional Districts of 
the 98th Congress; and i980 Census of Population and 
Housing: Congressional Districts of the 99th Congress. 


Regional Dummies. The Census Bureau regions are used. 
The control region is New England. 


The Aggregate Effects of Risk in the 


Agricultural Sector 


Jack Meyer and Lindon J. Robison 


The theory of the firm facing a random output price is extended to include mdustry 
equilibrium conditions in a way particularly important for agriculture. Land prices adjust 
to maintain industry equilibrium. The comparative statics and the effects of policy for 
the firm are significantly altered. The main finding is that risk and other parameter 
changes are capitalized into the price of land and yield wealth or incom2 eff2cts rather 


than substitution effects. This often simplifies the analysis. 


Key werds: competitive firm, land prices, mean-variance, risk. 


Empirical research has demonstrated that ad- 
justments in land prices are an important equi- 


librating mechanism for the agricultural sector. . 


Public policies and farm programs are known to 
affect land prices (e.g., Vantresse, Reed, and 
Skees). Changes in the riskiness or level of re- 
turns to agricultural production are also re- 
flected- in land prices (Robison, Lins, and 
VenKataraman). Developing a single aggregate 
model under risk which displays the linkages 
between risk, return, and land prices is our main 
task in this paper. The purpose is to understand 
better the effects of public policies which alter 
the returns and risk faced by the agricultural 
producer. 

This study also adds to the vast literature con- 
cerning a competitive firm facing a random out- 
put price. Equilibrium conditions are obtained 
for such a firm operating in a competitive in- 
dustry where an input’s price adjusts to maintain 
industry equilibrium. The findings complement 
the recent work of Appelbaum and Katz, who 
analyze competitive firms facing output price risk 
when operating in a constant cost industry. 

The competitive agricultural firm modeled here 
uses land and other inputs in producing a prod- 
uct whose price is random. The price of land is 
assumed to rise or fall to maintain equilibrium 
in the industry. Two approaches, an asset pric- 
ing model and explicit supply and demand re- 
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lationships for land, are used to determine equi- 
librium lanc prices. 

The comparative statics for the individual firm 
in this model are quite different from those ob- 
tained by Sandmo and others who ignore in- 
dustry equil_brium considerations. This paper’s 
results also differ from those of Appelbaum and 
Katz, who assume a different industry equili- 
brating mecranism. 

The paper is organized as follows. First, the 
literature concerning the competitive firm in a 
competitive industry is reviewed, and a simple 
model of a competitive firm facing a random 
output price: and using land as an input is pre- 
sented. The next section develops conditions for 
equilibrium n a competitive industry when land 
is in fixed sapply and its price adjusts to main- 
tain equilibrium in the industry. Then, the model 
is expanded to reflect more adequately the con- 
ditions in the agricultural sector. Finally, a gen- 
eral policy 2xample highlights the differences 
between comparative static results in this model 
and those obtained by others. 


The Competitive Firm in a Competitive 
Industry 


A large litereture concerning the competitive firm 
operating in a competitive industry exists. The 
Starting poin: is a model where the firm chooses 
output level x to maximize profit, m, where rr 
= p:x — c(x). In this model, p represents the 
output price and c(x) is the cost function. 
Without rendomness, the industry is assumed 
to be in equilibrium when the firm earns zero 
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profit. For the constant cost industry case, c(x) 
is exogenous to both the firm and the industry 
and only output price can adjust to attain zero 
profit. The standard assumptions are that p de- 
pends on the industry output level Q and that 
entry or exit occurs until Q implies zero profit 
for each firm, i.e., p(Q) = c(x)/x. 

Sandmo extends the competitive firm model 
to the case where output price is a random vari- 
able and expected utility of profit is maximized. 
The effects of shifting various parameters, in- 
cluding the mean and the riskiness of the output 
price, are also determined. Comparative statics 
in this model differ from the certainty case; 
moreover, these differences have received much 
attention in the agricultural economics as well 
as the economics literature. 

Recently, Appelbaum and Katz note that 
Sandmo fails to consider equilibrium in the 
competitive industry. That is, how the individ- 
ual firm reacts to changes in certain parameters 
is calculated without determining whether or not 
those parameter changes are consistent with 
equilibrium in the competitive industry. 

Appelbaum and Katz add to Sandmo’s anal- 
ysis by including an output price which is a ran- 
dom variable whose mean depends on industry 
output level. They assume that output price is 
given by p(Q) + e, where e is random with a 
zero mean, and p(Q) is a nonrandom term giv- 
ing the mean output price as a decreasing func- 
tion of industry output level. Costs are assumed 
exogenous to the firm and to the industry. 

Industry equilibrium is attained when no firm 
desires to enter or exit the industry. Because profit 
is a random variable, it cannot be set equal to 
zero. Instead, Appelbaum and Katz assume that 
firms can attain a reservation level of expected 
utility in other activities and choose to enter or 
leave this industry if the expected utility from 
profit exceeds or falls short of this reservation 
level. 

This industry equilibrium requirement implies 
that the mean output price depends on all other 
parameters in the model, a link which does not 
exist in the Sandmo formulation. Thus, shifts in 
those parameters have effects in addition to those 
determined by Sandmo. Consequently, Appel- 
baum and Katz find the comparative statics for 
the firm are significantly altered when industry 
equilibrium conditions are considered. 

For certain industries a second mechanism for 
adjusting to industry equilibrium exists. Ad- 
justments in input prices can alter a firm’s cost 
function, thus altering the firm’s desire to enter 
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or exit the industry.’ This mechanism is partic- 
ularly relevant in agriculture because adjust- 
ments in land prices, and hence costs of pro- 
duction, alter the profitability of firms in the 
industry. 

When microeconomists wish to focus exclu- 
sively on this second mechanism for attaining ` 
industry equilibrium, a simple model with only 
one input in fixed supply is often considered. 
Furthermore, only the price of this input is as- 
sumed to adjust to induce entry or exit from the 
industry. 

Formally, in this one input model, profit is 
given by 7 = p-L — 6:M-L, where L is the 
input level chosen by the firm. Constant returns 
to scale is assumed and one unit of input pro- 
duces one unit of output.” As is usual under the 
constant cost assumption, firm size is indeter- 
minate. Because land is a durable, its cost is 
written as a per period cost 6-M, where ¢ is 
the risk-free interest rate and M is the durable’s 
price. 

The competitive firm treats input and output 
prices as exogenous variables. For the industry 
however, the input price adjusts to maintain in- 
dustry equilibrium. Because input L is available 
in fixed supply, its price serves as a rationing 
mechanism. Without randomness, industry 
equilibrium is again characterized by the zero 
profit condition. This implies the standard cap- 
italization formula M = p/¢ as the equilibrium 
price for the durable input. The return per pe- 
riod for the durable is capitalized using the risk- 
free discount rate. 

This model of a competitive firm can be ex- 
tended to the random output price case. Profit 
is given by m = p-L — 6-M-L as before, but 
now p is a random variable. The firm is as- 
sumed to choose L to maximize expected utility 
of profit. If strict risk aversion is assumed, even 
with constant returns to scale, a finite solution 
for L obtains and firm size is determinate. 

Output price p is the only source of random- 
ness in this model, and profit is a positive linear 
transformation of p. Thus, all potential profit 
distributions are location and scale transforma- 
tions of the distribution of output price. This 


! When input prices increase to reduce profits earned by firms in 
an industry, this is often referred to as the increasing cost industry 
case: 
? The case of nonconstant returns to scale can also be considered. 
The profit expression becomes a = p- RL) — p'M-L, where f(Z) 
is the production function. f(Z) must be such that firms are neither 
infinitely small nor large, and the zero profit condition requires that 
M = p-f(L)/o-L. 
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property allows the optimal choice of Z and much 
of the comparative static analysis to be con- 
ducted in a mean-standard deviation (MS) 
framework without violating the expected utility 
maximization assumption Or imposing other 
special assumptions.” 

The MS formulation of the decision model with 
a = p+L — 6'M:-L has the competitive firm 
choosing L to maximize V(o, 4), where mean p 
= u,'L — o°M-L and standard deviation o = 
op: L. The notation p, and o, represent the mean 
and standard deviation of output price, respec- 
tively. Solving for L in the expression for o and 
substituting into the expression for p reduces the 
pair of constraints to the linear restriction given 
as equation (1). The firm’s choice of L is a se- 
lection of some point on this straight line op- 
portunity set in (o, p) space. 


(1) u = (mp — 6-M)-0/o,. 


Notice that the firm’s opportunities depend on 
the four parameters, Wp, Op, >, and M. 

As in the model without randomness, industry 
equilibrium considerations imply that the price 
of the input L adjusts to attain the appropriate 
profit level. Because profit is random, the equi- 
librium land price is more difficult to define. 
The next section first uses an asset-pricing model 
to resolve the issue and then develop an alter- 
nate approach involving supply and demand 
equations for land. 


Input Price Adjustment and Industry 
Equilibrium 


The input L is an asset which generates a ran- 
dom rate of return p/M in each time period. The 
level or the asset price, M, which implies an 
equilibrium random rate of return, must be re- 
solved. The random return to L is similar to the 
return from holding one unit of a financial asset, 
such as a share of stock. The capital asset pric- 
ing model (CAPM) suggests that the price of the 
asset or input adjusts until its mean rate of return 
is equal to the risk-free rate of return plus a risk 
adjustment factor. This factor depends on the 
market compensation for risk, [(u,, — o)/o,J, 
the diversification characteristics of the asset, p, 
and the riskiness of the return, (o,,/M). In these 
expressions, ¢ is the risk-free rate of return, pm 


3 Sinn and Meyer describe the implications of this location and 
scale property. Meyer and Robison use it to analyze the hedging 
behavior of the competitive firm. 
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and o,, are the mean and standard deviation of 
the rate of return on the market portfolio, and p 
is the correlation coefficient between the rate of 
return on this asset and the rate of return on the 
market portfolio. 

Formally applying the CAPM to the pricing 
of the input L requires that the mean return per 
dollar satisfies* 


(2) byp/M = b + [pn — P)/Tm] | 
‘p:(0,/M) = > + 9: (a,/M). 


For notational convenience, ņ represents both 
the market compensation for risk and the asset’s 
diversification possibilities.” The ņ term will be 
treated as fixed throughout this analysis. 

The CAPM assumes that the asset is part of 
a maximally diversified portfolio called the mar- 
ket portfolio Levy has demonstrated that a pric- 
ing formula exactly like (2) holds even with a 
limited abilit7 to diversify. The coefficient 1 still 
represents both the market price of risk and the 
diversificaticn possibilities of the asset. Now, 
however, the [(u,, — )/o,] and p terms are 
calculated w-th respect to a less well-diversified 
portfolio tham the market portfolio. It makes no 
difference in ihis analysis whether (2) results from 
CAPM or Levy’ s argument. Thus, the interpre- 
tation of ņ is left purposely ambiguous.° 

The equiliorium value for M which pricing 
equation (2) mplies is given by 


(3) M= (p, — n'0,)/b = m/b — N: 0/9. 


As in the example without risk, the industry 
equilibrium condition provides an additional link 
among the parameters in the model and quite 
different comparative statics result. 

Before exploring the implications of this ad- 
ditional equilibrium condition, an alternate ap- 
proach not using CAPM is presented. This sec- 
ond method of modeling the equilibrium price 
for land specifies a particular functional form 
for each firm’s preferences in order to calculate 
en explicit demand function for L. The linear 
mean-variance utility function is assumed. That 
is, the ith firm is assumed to choose L, to max- 
imize w; ~ (A;/ 2)o0;, where W = e'h — 
6:-M-L; and 3; = o,:L;. The parameter A; rep- 
resents the risk aversion measure of the firm and 


4 Since one unit cf output is produced per unit of input, pp and 
g, are also the mean and standard deviation of return per unit of 
input. 

$ In standard CAFM notation, the q term is not equal to the tra- 
eas CAPM bete (B) but is related to it in the following way: 

= (Bm — $) B 4/0. 

© Barry has treated the pricing of agricultural land using both CAPM 
and Levy’s pricing argument. 
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is assumed positive. Choosing L to maximize 
this function leads to 


(4) (yp — 6M) - 2-3-1, = 0 


as the first-order condition, with the second-or- 
der condition satisfied since A, is positive. 

Solving for the optimal choice of Z;, one ob- 
tains 


(5) L; = (Bp — b: M)/(;" 03). 


Thus, the individual producer’s demand for L 
depends on all of the parameters in the model: 
the mean and variance of output price, the risk- 
free rate of return, the input price, and the pro- 
ducer’s risk aversion level. Only this latter term 
is firm specific. 

The demand functions for the durable input 
can be easily added across n firms. Doing so, 
one obtains 


(6) Lp = (Hy — b M/T AAA 
+... +1/d,) 


as the aggregate demand function for the n pro- 
ducers. 

To find the equilibrium price for L, this de- 
mand function is set equal to the given supply 
L,. Solving for M one obtains 


(7) M= (m/b) — L,°05)/(b 
(1/\, +... + LAD). 


The form of this pricing equation is similar to 
equation (3) based on the CAPM argument. That 
is, in equilibrium, the price of L equals a cap- 
italization of the mean return, plus a term which 
discounts for the riskiness of the production ac- 
tivity and the diversification possibilities of 
spreading the risk across the n producers. For 
this supply and demand case, the equivalent of 
m is the term (L,-0,)/(1/A, +... + 1/A,). This 
expression represents the diversification possi- 
bilities of distributing L,+o, units of risk across 
n different individuals with risk aversion mea- 
sures à; As the agricultural producer’s risk 
aversion goes to zero, the premium caused by 
the riskiness of profits also goes to zero. 
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, AM 
Firm Behavior Constrained by Industry 
Equilibrium 


Comparative static analysis in the model of the 
firm is significantly altered when industry equi- 
librium is considered. Recall that w, o,, b, and 
M together define the firm’s opportunities in 
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equation (1) and, hence, affect its choices. Un- 
der industry equilibrium, these four parameters 
are linked by an additional equation, either (3) 
or (7), depending on whether the asset-pricing 
or supply and demand argument is employed. 
Interestingly, this additional equation actually 
simplifies the analysis. 

For instance, when the value for M given by 
(3) is substituted into (1), the constraint the firm 
faces becomes u = n*o. Thus, only the market 
price of risk and the diversification parameter 
affect the firm’s opportunities. Changing the 
mean or riskiness of output price is offset by the 
resulting adjustments in M so that the firm’s op- 
portunity set remains unchanged. 

Similar simplification occurs when the equi- 
librium value for M arises from supply and de- 
mand analysis. In this case, (7) is substituted 
into the first-order condition for the firm, (4). 
This yields L,/(1/\, + ... + 1/A,) — Ay Li = 
0. The firm’s choice of L; no longer depends on 
the mean or variance of output price but only 
on the available supply of land and the firm’s 
risk-aversion level relative to others in the in- 
dustry. i 

This model of the competitive firm is ade- 
quate to discuss the impact of industry equilib- 
rium on the price of land. It is not, however, 
sufficiently well developed to consider the ag- 
ricultural policy implications of this aggregate 
risk model. Thus, the model is augmented with 
several other parameters to enrich the analysis. 

First, the initial wealth of the firm is assumed 
nonzero and held as cash and land. Thus, pa- 
rameter changes affect the agricultural firm’s 
wealth through their impact on land prices. 

Let C, + M-L be the firm’s initial wealth, 
where C, represents the cash portion, and @-L 
is the land wealth. Producers own different 
amounts of land but can use quantities of land 
which differ from the amount owned. With this 
change one can distinguish between the effects 
of various programs on producers who rent ver- 
sus those who own their land. Because nearly 
three-fourths of the agricultural sector’s assets 
consists of land, this change in the model is par- 
ticularly relevant. 

The second change in the model is to intro- 
duce other inputs in the production of output. 
Even if the land quantity is fixed, industry out- 
put can expand or contract by altering other in- 
puts. Formally, output level is assumed to be 
given by L- Ks), where s represents another in- 
put or a vector of inputs. These inputs are mea- 
sured per acre of land. As before, this produc- 
tion function represents a constant returns-to-scale 
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process with output per acre depending on s.’ 
The function f(s) is increasing and concave in 
its arguments. 

The producer’s objective is to choose L and 
s to maximize expected utility from terminal 
wealth W given by 


(8) W=(1+ o\C,+M-D) i 
+ (p-f(s)— ọ:M — ps: s)L, 


where p, is the vector of prices for inputs s. The 
producer takes all prices as parameters outside 
its control. This wealth function is linear in the 
random variable, and hence MS analysis is ap- 
propriate. 

In the MS framework, the producer chooses 
L to maximize V(o,), where p = (1 + o)(C, 
+ M-L) + (hu, f(s) — 6°M — p,:s)L and o = 
o,°f(s):L. Again, one can solve for L in the 
second restriction and substitute into the first to 
define a linear opportunity set in (a, w) space. 


(9) pw=(1+ oC, +M- Í) 
+ (uy, f(s) — oM — p,:s)a/(9,‘f(s)). 


All model parameters affect the producer’s op- 
portunity set and many impact the slope as well 
as the intercept. Equation (9) is the producer’s 
constraint if industry equilibrium considerations 
are ignored. Under risk aversion, V(o,j) is 
known to be quasi-concave and the second-or- 
der conditions for the maximization are satis- 
fied. 

- The level of s only affects the slope of (9). 
Thus, all risk-averse producers choose s to max- 
imize this slope independent of their risk atti- 
tudes. On the other hand, producers choose dif- 
ferent levels of L depending on their risk-taking 
characteristics. Each value for L is represented 
by a particular point on the linear opportunity 
set in (o, p) space. 

The level of s which maximizes the slope of 
(9) is defined by (p -M + p,-s)/f(s) = p,/f'(s). 
The left and right sides of this equality are the 
pruducer’s average cost and marginal cost per 
acre, respectively. Thus, all producers choose to 
operate where the average cost of production is 
at its minimum. However, changes in various 
parameters can affect this level of output per acre. 
Specifically, changes which induce increases in 
the price of land will cause the output per acre 
to rise. 

As in the simple model, other input prices and 
output prices are assumed exogenous to the in- 


7 If constant returns to scale is not assumed, the analysis becomes 
considerably more complicated. 
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dustry. Only the price of land adjusts to main- 
tain industry equilibrium. The resulting equilib- 
rium price fo- land is given by an equation similar 
to (3) or (7) found earlier. The CAPM pricing 
argument applied to this more general model re- 
quires that the rate of return to land satisfy 


(10) (pfs) — ps: s)/M 
=o+ no, f(s)/M. 


The rate of return to land is the value of output 
per acre exclusive of other input costs divided 
by the price of land. The mean, standard devia- 
tion and correlation are calcuiated for this term. 
Solving equation (10) for M leads to a land-pric- 
ing equation. 


(11) = (mp f(s) — pps — 4° Oy °F (S))/o. 


Similarly i iv one assumes the explicit linear 
mean-variance preference function and requires 
that the demand for land is equal to a fixed sup- 
ply, the price of land satisfies 


02) M = (4p f(s) = Ps s)/o D 
= (Lat (0; FS) D/o (1M +... + 1M). 


To capture the industry equilibrium condition 
arising under tie CAPM argument, land-pricing 
equation (11) is substituted into the firm’s linear 
constraint (9). The opportunity set for the firm 
then is 


(13) p= + d(C, + (m'f) 


-Es ~ n'o f) Ep) + n°. 


Changes in all parameters other than 7 only 
shift the intercept of this linear constraint, their 
effect is equivalent to a change in initial wealth. 
For this simple model, when agriculture is in 
competitive equilibrium, the effects of changing 
the mean or riskiness of output price are capi- 
talized into the price of land. Parameter changes 
have no effect -f L = 0, i.e., if the producer is 
not a land owrer. Hence, the impact of these 
changes depencs on the producer’s land own- 
ership position. 

Equation (13. indicates that shifting any pa- 
rameter excep: r is represented by a parallel shift 
in the opportunizy set in (o, p) space. The effect 
of a parallel shift in the opportunity set depends 
on the produce-’s risk-aversion characteristics 
(Meyer and Robison). If the producer is con- 
stant absolute risk averse, no change in the op- 
timal L occurs, while acreage increases (de- 
clines) under decceasing (increasing) absolute risk 
aversion. 

If the supply and demand model for land is 
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used to determine an equilibrium price for land, 
the analysis is less interesting because wealth 
effects in the linear mean variance model do not 
affect the producer’s choice of L when À; is treated 
as a constant. It is possible, however, to treat 
à; as a variable in order to analyze this case more 
fully (Robison and Barry). The optimal level of 
s and L are defined by the equations: 


Lp f(s) — ps — Ni pf (5) -f'(8) -Li = 0 and 
L,/A/ +... + 1/d,) -A L; = 0. 


A Policy Application 


The federal government provides many oppor- 
tunities to alter the mean and/or riskiness of 
output price through participation in govern- 
ment-sponsored programs (Gardner, Gardner et 
al., Fleisher). A general example of these pro- 
grams is used here to illustrate how policy eval- 
uation could change when industry equilibrium 
is considered. 

Suppose government intervention in com- 
modity markets attempts to maintain or increase 
the mean price while reducing its variability and 
that program participants are required to idle (1 
— a) percent of the land. That is, p, = (G) 
and g, = o,(G), where G is an exogenously de- 
termined level of government intervention. If the 
idled land produces nothing of value, then the 
opportunity cost to the producer of using land 
increases, and is ®:M/a rather than bM. 

When these changes are introduced into (9), 
equation (14) results. This is the product’s con- 
straint ignoring industry equilibrium conditions. 
The G and & parameters alter the slope but not 
the intercept of this line. 


(14) p= = + PXC, + M-L) + (mG): FCs) 
b:-M/a — ps: s)a/(o,(G) - f(s)). 


Ansys of the firm’s response to changes in G 
or œ involve income and substitution effects, and 
the results are often ambigious. Also, because 
L only enters the intercept term, the impact of 
changes in G or a do not depend on the extent 
to which producers own their land. 

When industry equilibrium is considered, the 
price for land must be adjusted to incorporate 
these government effects. The CAPM argument 
requires that the net return per unit of land sat- 
isfy 
(15) a: (WG): f(s) — ps: s)/M 

= + n'a: oG): f(s)/M, 
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where the return per acre is adjusted to account 
for the 1 — a percent which is idled. Solving 
for M yields 


(16) M=a-(p,(G)-f(s) — Ps 
"s — 9° oG) -f(s))/9. 


When this value for M is substituted into the 
producer’s constraint, (14), the resulting oppor- 
tunity set displays far different sensitivities to 
government action. The new opportunity set is 


(17) p=(1 + ay + a+ (uG): f(s) 
eps oG) F) Ep) + n'o. 


Now the government’s actions only shift the 
intercept and do not affect the slope of the linear 
constraint. The effect of these changes can gen- 
erally be determined on the basis of an assump- 
tion concerning the producer’s absolute risk- 
aversion measure. 

The effect of the government’s choice of G 
or a is proportional to the value for L. The op- 
portunity set and welfare of producers who only 
rent land, L = 0, is not affected by the govern- 
ment’s choice of G and a. These producers do 
make different decisions concerning the level of 
other inputs since the optimal s depends on M, 
but their overall opportunitites to earn profits are 
not affected by the government actions. For in- 
stance, if 2, is increased through a support price, 
land prices rise so that renters find the random 
rate of return to agricultural production no dif- 
ferent than before. 

When the producer owns some or all of the 
land which is used, L > 0, changes in G or & 
alter the producer’s opportunity set and welfare 
by changing initial wealth. Changes which in- 
crease (decrease) M make the producer better 
(worse) off. These welfare changes, however, 
are the result of the gains to these individuals as 
land owners and not from their agricultural pro- 
duction activities. 


Conclusions 


Of course this model abstracts from the realities 
of the situation. Prices other than land prices are 
likely to adjust in order to maintain industry 
equilibrium. Nonetheless, this paper extends the 
theory of the firm facing a random output price 
to include industry equilibrium conditions in a 
way particularly important for agriculture. It 
complements the work of Appelbaum and Katz, 
who analyze the constant cost industry. 

The comparative statics for the firm are sig- 
nificantly altered when industry equilibrium is 
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considered. For the agricultural firm, the effects 
of policies which alter the mean or riskiness of 
output price are different than when industry 
equilibrium conditions are ignored. The main 
finding is that risk and other parameter changes 
are Capitalized into the price of land and yield 
wealth or income effects rather than substitution 
effects. This greatly alters and often simplifies 
the comparative statics in the model of the com- 
petitive firm. 


[Received August 1989; final revision received 
April 1990.] 
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Application of Computer Graphics to 
Undergraduate Instruction in 
Agricultural Economics 


David L. Debertin and Larry D. Jones 


This article outlines are experience in building a freshman-level course in agricultural 
economics employing computer graphics imaging. Lecture material is displayed with a 
computer connected to a large-screen projector producing high-resolution graphics. The 
complete course consists of approximately 1,200 computer-generated text, chart, or 
graphics images. An evaluation of the new method was conducted. Results indicate that 
most students prefer lectures that employ computer graphics to those that use a 
chalkboard or an overhead projector. Evidence supports the hypothesis that students 
perform better on exams when the innovations described in this paper are adopted. 


Key words: computer graphics, teaching technology, undergraduate instruction. 


It is now feasible to develop and use computer 
graphics and imaging technologies to teach an 
entire undergraduate course in agricultural eco- 
nomics. Computer graphics has been used in the 
past for data analysis (Bay and Schoney; De- 
bertin, Pagoulatos, and Bradford), for the anal- 
ysis of functions used in agricultural economics 
research (Debertin, Pagoulatos, and Bradford), 
and to supplement textbook presentations (De- 
bertin 1985 and 1986). Harris employed com- 
puter graphics.as an instructional aid in teaching 
a futures trading course. Computers, sometimes 
connected to television monitors, have been used 
in undergraduate agricultural economics courses, 
particularly in portions of courses requiring 
spreadsheets, linear programming models, sim- 
ulators, or other computerized decision aids 
(Bentley, Hudson et al., Litzenberg, Osburn et 
al.). 

Agricultural economists are convinced of the 
need for (a) frequent updating of undergraduate 
curricula (Coffey, Erven, Dobson, Kropp 1973a); 
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(b) competency-based curricula development 
(Beck et al., Mather et al.); (c) incorporating 
computer skills into revamped curricula (Man- 
derscheid, p. 744); and (d) new technologies us- 
ing microcomputers to improve educational de- 
livery (Harris, Hudson et al., Litzenberg). 
Discussion in our journals suggests that new 
teaching technologies, particularly those that use 
microcomputers, have had greater impacts on 
adult than on undergraduate education (Brown, 
Diesslin, Holt, Hughes). Fuller argues (p. 980) 
that “we can and should be using computers. . . 
as an integral part of our educational program.” 
Hudson et al. (p. 177) suggest that “continuing 
advances in technology offer a growing variety 
of educational uses of the microcomputer not 
previously considered.” 

Extension educators, not undergraduate teach- 
ers, frequently have been the earliest to adopt 
the new information-delivery technologies em- 
ploying computers. Recently, Wetzstein (p. 63) 
even argued that the new technologies for teach- 
ing basic economics, such as television and 
computers in instruction, “stifle students’ imag- 
inations, contribute to a dependent learning style, 
and fail to stimulate interest in the subject mat- 
ter.” Our experiences with new teaching tech- 
nologies employing computers and color pro- 
jection monitors suggest otherwise; these new 
technologies have helped students better learn 
principles of basic economics applied to agri- 
culture than when conventional teaching meth- 
ods were employed. 
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This paper outlines experiences at the Uni- 
versity of Kentucky in building a freshman-level 
course in agricultural economics employing mi- 
crocomputer graphics imaging as the basis for 
every lecture and using the method to teach a 
class of undergraduate students. As part of the 
new method, other teaching innovations were 
also developed, and these are also described in 
the discussion that follows. Evaluations of stu- 
dent reactions to these innovations and their ef- 
fect on student performance on examinations were 
conducted, and the results are presented. 


The Methods 


All of the notes, charts and diagrams used in the 
course were developed using computer graphics 
software.’ Throughout the semester, lecture ma- 
terial was displayed to students using a com- 
puter connected to a large-screen projector ca- 
pable of producing text and high-resolution 
(EGA/VGA) graphics. The complete course 
consists of approximately 1,200 computer-gen- 
erated text, chart, or graphics images. Many of 
the graphics images are built sequentially, one 
line at a time, and were designed to mimic the 
manner and speed which the instructor would 
have used in a chalkboard presentation or a pre- 
sentation using color pens, transparencies, and 
an overhead projector. The computer graphics 
images, however, are in full color, more accu- 
rately drawn, and easier to interpret than hand- 
drawn graphs. 

Additional elements are also important in the 
new teaching method. The text and graphics im- 
ages displayed on-screen are supplemented by a 
study guide containing the charts, graphs, and 
other key lecture materials for the course.” The 
study guide closely follows the computer-gen- 
erated slice shows. Gaps are built into the study 
guide that the instructor “fills in” during the lec- 
ture. The study guide is unique because it also 
functions as the student’s notebook. A series of 


' The course was constructed in its entirety using Harvard Graph- 
ics, currently used in many agricultural economics departments pri- 
marily for research and extension applications drawing technical 
graphs. A computer disk (for use on an IBM compatible computer 
with EGA or VGA graphics) containing examples of drawings and 
lessons developed for the course is available at no charge by con- 
tacting either of the authors. 

? The study guide contains all of the diagrams and lecture notes 
displayed on-screen. Some of the graphs that are constructed in 
several steps and the text material that is presented on-screen one 
point at a time is included only in final form. The study guide has 
been duplicated by and sold to students through the campus books- 
tores. A new version incorporating worksheets and a glossary of 
terms used in each lesson is available nationwide (Debertin 1990). 


Amer. J. Agr. Econ. 


six comprehensive worksheets containing ques- 
tions and exercises and based on the study guide 
and lecture pxesentation cover every major topic. 
These worksheets force students to review notes 
taken during <lass and the related material in the 
study guide. Two supplemental computerized 
slide shows are available to students for indi- 
vidualized instruction. These slide shows pro- 
vide additional help in completing the exercises 
dealing with production and cost and are avail- 
able to students on computers in the undergrad- 
uate compute: lab. All of these elements and 
methods are closely interrelated. For example, 
the study guide is based on the computer-gen- 
erated lecture images, worksheets are based pri- 
marily on stucy guide and lecture presentations, 
and the supplemental slide shows are based on 
the two most difficult worksheets. Examinations 
and quizzes cover the entire course but place 
particular emphasis on worksheet material. We 
evaluated the effectiveness of each of these ele- 
ments. 


The Course 


Because of the variety of material covered, the 
introductory agricultural economics course pro- 
vided a nearly ideal vehicle for testing the po- 
tential and limitations of the approach. The course 
(called GEN 1C1) consists of three sections. The 
first section develops an awareness of basic is- 
sues confrontirg U.S. and Kentucky agricul- 
ture. (Most of the students enrolled in the course 
come from rurel nonfarm backgrounds or from 
“part-time” anc “hobby” farms, although most 
are enrolled in the college of agriculture.) In- 
cluded are issues related to declining farm num- 
bers, changing consumption patterns for agri- 
cultural commedities grown in Kentucky, and 
the importance of various enterprises to farm in- 
come in Kentucxy. Considerable use is made of 
charts developed for the course that are similar 
to those found in the USDA Chartbook, but an 
emphasis is placed on issues and data important 
to Kentucky. 

The second section introduces basic princi- 
ples of microeconomic theory using case ex- 
amples from agriculture. Figures 1 and 2 pro- 
vide some illustrative examples of the content 
and level in the microtheory section and illus- 
trate the sequential building of diagrams one line 
at a time. One of the key elements involves 
drawing sequences that mimic the manner in 
which an instructor might draw on a chalkboard 
or overhead transparency, but with greater clar- 
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Figure 1. Demand sequence in a microeconomic theory section of the course 


ity and accuracy. This careful and accurate 
drawing is important in a freshman-level class 
in which students are inexperienced at drawing 
graphs. For the supply-demand model, the com- 
puter is programmed to draw the vertical (price) 
axis beginning at the top; the horizontal axis from 
left to right; the demand curve downward from 
left to right; the supply curve upward from left 
to right; the equilibrium quantity from the sup- 
ply-demand intersection downward; the equilib- 
rium price from the supply-demand intersection 
to the left one line at a time at the same speed 
and direction as on the chalkboard. 

The last section deals with various specializa- 


tion areas within agricultural economics, such 
as marketing, natural resource economics, ag- 
ricultural policy, and rural development. This 
section of the course uses a combination of text 
images, charts to depict data, as well as drawn 
graphics images similar to those in the micro- 
theory section. 


System Advantages 
The system has three primary advantages for the 


instructor and the students. 
(a) Improved Course Structure and Organi- 
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zational Flow. The flow of the subject matter 
presentation is logical and sequential. With the 
combination of study guide and computer-gen- 
erated slide show, students do not have to de- 
termine where a lecture will lead on any given 
day. If an instructor is absent for a class, an- 
other professor can readily substitute without 
disrupting the flow of the class presentation. If 
students miss class, they at least know what top- 
ics they missed and have the study guide ma- 
terial. 


(b) Improvec Accuracy of Student Notes. The 
basic set of notes and graphs from the study guide 
is correct. Students do not need to worry if they 
have copied accurately from the chalkboard. This 
is particularly important advantage for students 
who miss a lecture.” 


3 A concern might be that with access to the detailed study guide, 
students would tend to niss class more frequently. There is no longer 
any uncertainty about the topics of any specific lecture. Class at- 
tendance is not mandztory. However, we have not observed any 
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(c) Improved Use of Class Time. The course 
content and depth of coverage has remained the 
same with the new technologies. However, the 
utilization of class time has changed somewhat. 
Now instead of spending valuable class time 
trying to accurately draw graphs, the instructor 
can concentrate on explaining the graphs. In- 
stead of copying from the chalkboard, students 
can concentrate on what the instructor is saying. 
More emphasis can be placed on interpretation 
and analysis, with less time devoted to copying 
the instructor’s notes. There is more time to teach 
processes rather than skills. 


Technical Implementation Issues 
Computers and Projection Equipment 


We have experimented with operation of the 
course from IBM-compatible computers of var- 
ious speeds including 8088, 80286, and 80386 
machines. With a 80386 machine, special ef- 
fects, such as line draws mimicking a chalk- 
board presentation, occur so rapidly that some 
of the effectiveness is lost. We have found that 
an 16 Mhz 80286-based machine operates slowly 
enough that the special video effects realistically 
mimic how an instructor might draw on the 
chalkboard and yet fast enough so that the in- 
structor can move through a sequence of screens 
rapidly, if needed (such as might be desired for 
a review session). It is not possible to adjust the 
speed of the draw within the software. 

One of the key elements of the technology that 
makes the approach feasible is the small size (in 
bytes) of the individual files comprising the in- 
dividual video screens. Depending on the com- 
plexity of the displayed images, these individual 
files are usually from only 1K—3K. Thus, the 
entire course needs only 3 megabytes of space 
on a hard disk. This is because the file com- 
prising a screen image is the data needed to draw 
the graph, not the actual image. In addition to 
reducing the space required to storing the screens 
comprising the course, graphs in the study guide 
are of high quality, limited only by the resolu- 
tion of the printer. 

All of the lessons are in color. Until recently, 
we used a monochrome video projector capable 
of EGA resolution; but in the fall of 1989, we 


reduction in the proportion of students attending class on any spe- 
cific day since the system was adopted. In some instances, atten- 
dance was up. We estimate that class attendance has averaged about 
70% for the semester with the new teaching system. 
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began using a high-resolution color video pro- 
jector in a classroom with lighting modified for 
video display (fig. 3). Video quality from this 
unit is identical to that from an EGA/VGA 
computer monitor. We have also experimented 
with EGA/VGA LCD pads and a conventional 
overhead projector as a light source, and these 
units function about the same as the mono- 
chrome display projector, with a similar cost. 
Any of this equipment could be effectively used 
in the classroom. 

Kropp (1973b, p. 760) suggests that “the in- 
vestment which an academic department wishes 
to make in instruction is a major factor in de- 
termining what teaching methods will be used,” 
and that “computer-based and video courses re- 
quire heavy initial outlays for producing instruc- 
tional materials and acquiring equipment.” For- 
tunately, the cost of the equipment we used, 
though not insubstantial, is declining and is now 
cheap enough to make investments in the new 
technologies possible for many, if not most, de- 
partments. Cost is one advantage for a mono- 
chrome display projector or overhead projector 
pad ($2,500 versus $10,000 for the color pro- 
jector),” but the line-drawing capabilities and 
other special video effects are less appealing in 
monochrome than in color. Most departments 
undoubtedly already have access to the laser 
printer needed to produce a high-quality study 
guide such as the one we developed. 


Operational Procedures 


The day-to-day equipment operation procedures 
are new for the instructor, but because the pro- 
jector and computer are permanently installed in 
the classroom, less than five minutes are needed 
to start the equipment before each class. Les- 
sons are copied to the hard disk in the classroom 
before the semester begins. Computer software 
is loaded as soon as power is supplied to the 
computer and projector. The instructor merely 
selects the “slide show” option from the main 
program menu and goes to the subdirectory con- 
taining the slide show lesson for that day. If 
necessary, a mouse on the computer functions 
like a remote control on a slide projector per- 


* Five years ago a color projector capable of EGA/VGA reso- 
lution would have cost $50,000, an amount that would not have 
been a feasible investment for most agricultural economics depart- 
ments, Furthermore, a microcomputer capable of generating the high- 
resolution images would have been considerably more expensive. 
Most important, easy-to-use and inexpensive software for gener- 
ating the lessons was not available. 
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mitting the instructor to back up during a lec- 
ture. 

Mixed-media approaches are also possible with 
the system, and the instructor need not rely en- 
tirely on the video display. For example, over- 
head transparencies are occasionally useful in 
teaching the course to quickly review a portion 
of a previous lecture. Any of the 1,200 com- 
puter slides comprising the course can be made 
into a transparency to supplement the video pre- 
sentation or as a backup system in the event of 
equipment failure. These transparencies can also 
be made in color using a pen plotter. An effec- 
tive classroom presentation also can be made 
using conventional color slide projectors, as the 
software is capable of sending text and graphics 
images to a color side maker. 


Evaluation of Effectiveness 
A key concern is the effectiveness of the teach- 


ing approach relative to conventional methods 
of instruction. Do the students prefer the new 
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approach? Do they learn better? Both instructors 
have had previous experience teaching the course 
using hand-drawn transparencies and an over- 
head projector. During the fall semester, 1989, 
an evaluation survey was conducted of the GEN 
101 students. All but one of the forty-five stu- 
dents completing the class provided responses to 
the survey. Th2 survey was designed to examine 
student reactiona to the technologies employed as 
learning aids m the course and to provide stu- 
dents with an opportunity to suggest further 
course improvements. 

Each of the items used in the course (includ- 
ing the new technologies) represents an invest- 
ment by either the university, the student, or both. 
This is also trae for conventional instructional 
methods. To ilustrate, the purchase of a text- 


‘In addition to ths class evaluation reports reported here, the 
college also conducts its own evaluation of instructors using a five- 
point scale. These ewaluations focus heavily on the personality of 


‘the instructor, how the instructor relates to students, and course 


organization. Since tie new system has been put in place, both 
instructors have expecienced an increase in their average scores on 
this evaluation of approximately 0.3 to 0.4 of a point. 
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book is an investment by the student. The com- 


puter and display equipment is an investment by . 


the university. Comprehensive worksheets must 
be graded either by the instructor or a teaching 
assistant, both of whom are funded by the de- 
partment. It is important to know which invest- 
ments yield the greatest effectiveness. 

The survey asked students to identify the in- 
structional methods used in the course that most 
enhanced their learning. The instructional meth- 
ods evaluated are listed in table 1. Students were 
asked to use a five-point scale to evaluate the 
importance of each of these methods in helping 
them learn the material contained in GEN 101. 
The components evaluated and the results are 
presented in table 1. The scale was 5 = very 
important; 4 = important; 3 = neutral; 2 = un- 
important; 1 = very unimportant. 


Results of Evaluation 


The evaluation occurred during the final week 
of classes; hence, student reaction to the im- 
portance of the final examin enhancing learning 
could not be evaluated. Results of this portion 
of the evaluation are contained in table 1. Based 


Table 1. 
Used in GEN 101, Fall Semester, 1989 
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on the mean values for each response, the fol- 
lowing conclusions were reached about the tech- 
nologies employed. 

Students felt strongly about the importance of 
the worksheets in enhancing learning. This was 
the first semester we employed worksheets which 
dealt with all the material contained in the course. 
Even though answers to questions contained in 
many of the worksheets could be obtained readily 
from the study guide, students still felt that the 
worksheets were the most important learning aid. 
The study guide also received high marks from 
students as a learning aid, and students ranked 
the study guide higher than the computerized slide 
shows upon which the study guide was based. 
Based on means from the survey results, we 
concluded that the animations of the diagrams 
used in the course made possible by the com- 
puter were successful in enhancing learning for 
the students. 

In comparison with the other class materials, 
the textbook (available to students on reserve in 
the agricultural library) fared poorly as a learn- 
ing aid, despite specific assignments related to 
the lectures and instructor admonitions to read 
the assignments. Students largely felt that the 
textbook assignments were redundant. With the 


Student Response to Learning Effectiveness for Specific Teaching Technologies 





Respondent Standard 
Teaching Technology* Mean” Error’ 
1. Six worksheets 4.73 0.08 
2. Study guide and lecture 
notes 4.48 0.11 
3. Hour exams 3.93 0.13 
4. The fact that the diagrams 
“moved” on screen 3.89 0.15 
5. Instructor 3.86 0.12 
6. Computer-generated 
lecture slides 3.79 0.16 
7. Ten-minute (pop) quizzes 3.50 0.17 
8. The fact that the slides 
were in color 3.43 0.20 
9. Supplemental slide shows 
for help on worksheets 3.12 0.20 
10. Specific textbook 
assignments 2:32 0.22 
11. Textbook on reserve 2.07 0.22 


Percent Ranking as 


Very : 
Important Unimportant Did 
Not 
3 4 3 2 i Rank 
75.0 22.8 23 0 0 0 
61.4 38.6 13.6 0 0 0 
21.3 43.2 27.3 2.3 0 0 
31.8 34.1 27.3 4.5 2:3 0 
20.5 52.3 20.4 6.8 0 0 
29.5 29.5 31.8 2.3 4.5 2.3 
18.2 36.4 29.5 9.1 6.8 0 
25.0 27.3 27.3 6.8 13.6 0 
18.2 18.2 31.8 15.9 13.6 2.3 
9.1 13.6 20.4 18.2 34.1 4.5 
2.3 6.8 22.7 31.8 36.4 0 





* We would classify technologies on lines 4, 6, 8, and 9 as new technologies; those on lines 3, 5, 7, 10, and 11 as old technologies; 
and those on lines 1 and 2 as old technologies that have been adapted to take advantage of elements of the “new” technologies. Without 
the computer-generated slide shows, it would have been difficult to develop the coordinated study guide and set of worksheets. 


è Respondents exclude those who did not rank a technology; n = 44. 


* The smaller the standard error, the greater the agreement among respondents with respect to the ranking. 
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Table 2. Specific Student Rankings of In- 
structional Components of GEN 101 ` 





Mean Standard 
Instructional Component Ranking Error 
Worksheets 2.48 0.33 
Study guide 3.27 0.40 
Computer-generated slides 4,09 0.28 
Lecture itself 4.18 0.41 
Hour exams 4.52 0.30 
Pop quizzes ne 0.34 
Supplemental slide shows 6.59 0.46 
Studying with classmates 6.61 0.49 
Old exams 7.14 0.47 
Textbook 7.86 0.39 


* Students were asked to rank each item from 1 to 10 in terms of 
its importance in helping them learn the material presented in GEN 
101. A I indicates a high-ranked item, 10 a low-ranked item. The 
lower the score, the higher the ranking. The smaller the standard 
error, the less disagreement among the students with respect to the 
ranking. 


computer slides, study guide, and worksheets, 
we have been unsuccessful in convincing stu- 
dents of the value in reading from a conven- 
tional textbook. However, the results should not 
be interpreted as a rejection of the use of text- 
books in beginning courses. Rather, if the in- 
structor wishes to use a textbook to supplement 
the written class notes, the instructor needs to 
determine exactly how the students should use 
the supplemental textbook material. It is not 
enough to assume that students will be enthu- 
Siastic about seeing another approach to the ma- 
terial contained in the lecture and study guide. 

The two supplemental slide shows did not re- 
ceive high marks as learning aids, even though 
they were closely linked to, and helpful in, 


Table 3. 
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completing the two most difficult worksheets. 
The supplemental slide shows also introduced 
the students to the undergraduate computer lab. 
However, less than a third of the class indicated 
that they had gone to the computer lab to view 
at least one of the slide shows. 

Students were then asked to rank ten of the 
methods with respect to importance in helping 
them learn tte material presented in GEN 101. 
Results are resented in table 2. Results from 
the student rankings were largely consistent with 
the earlier findings. Once again, the work- 
sheets, the study guide, and the computer-gen- 
erated slides ranked as the top three items; the 
textbook anc old exams ranked lowest. 

Finally, students were asked to react to the 
computer-generated slide shows as a primary 
mode for lecture presentations. Students could 
select from “our responses or write their own 
response. Th=se responses are listed in table 3. 
The strong positive reaction by students to the 
computer-gererated slide shows is evident. 
Nearly one-kalf (21 students or 47.7%) indi- 
cated that the computer-generated slides were 
superior to any other means they had seen in- 
structors use to present lecture material. Only 
two students did not like the slides at all, and 
one other student responded that the instructor 
should rely primarily on a chalkboard or an 
overhead proctor instead. Most of the remain- 
ing students indicated that, while they preferred 
the computer-generated slides most of the time, 
an occasional presentation on the chalkboard or 
on an overhead would have strengthened the 
course. These students might have liked one of 
the “mixed media” approaches. 


Specific Student Responses to Computer-Generated Slide Shows 





1. The computer-generated slides were superior to any other means I have seen instructors use to present lecture 


material. 


21 selected this response, representing 47.7% of the class. 


2. The computer-generated slides were OK, but sometimes I wished that tie irstructor would use a chalkboard or a 


visual on an overhead projector to make a point. 


13 selected this response, representing 29.5% of the class. 


3. I wish that the instructor would rely primarily on the chalkboard or an overhead projector for his presentations. 
The computer is OK to supplement the lectures on some material, but shoul not be used everyday. 


1 person selected this response, representing 2.3% of the class 


4. The computer-generated slides were a bomb. Why can't we have ordinary k ctures in GEN 101? 


2 students selected this response, representing 4.5% of the class 


5. None of the above statements adequately represents my response. 


6 students, representing 13.6% of the class provided other responses. Most ef these were qualified endorsements 


similar to statement number 2. 
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Suggestions for Course Improvement 


In order to identify possible improvements in the 
course, students were asked, again on the basis 
of a five-point scale, whether they agreed or dis- 
agreed with a series of statements each sug- 
gesting a change in the course. Results are pre- 
sented in table 4. Particular emphasis was placed 
on eliciting responses indicating dissatisfaction 
with the computer-generated slide shows in fa- 
vor of returning to a conventional presentation 
mode. Most of the students were not in favor of 
going back to the chalkboard and overhead pro- 
jector. Students again indicated that the study 
guide based on the computer-generated slides was 
adequate without a textbook. The suggestion with 
the strongest support was for creating a file of 
old exams. Other suggestions receiving consid- 
erable support among students were for spend- 
ing more time on class discussion and going over 
exams, quizzes, and worksheets. 


Impact on Student Performance on Exams 


An effort was made to determine if students per- 
formed better on exams with the new system in 
place. Exam scores for the GEN 101 class were 
compared for the fall semester 1987, before the 
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system had been implemented and fall semester 
1989, when the complete system was used. A 
number of qualifications are needed when mak- 
ing such student performance comparisons. There 
is no assurance that the students enrolled in the 
class in the fall 1989 were identical in ability to 
those enrolled in the fall of 1987. Another dif- 
ference was that the enrollment in the fall of 1987 
was somewhat higher than in the fall of 1989 
(68 versus 45 students). However, the instructor 
was the same in the fall of 1987 as in the fall 
of 1989, the course content in terms of topics 
covered and level of difficulty was similar. Ex- 
aminations were also similar in structure and level 
of difficulty in both years and consisted of a 
combination of true and false and multiple choice 
questions, short answer essays, problems, and 
questions that required students to draw graphs. 

Table 5 reports the mean exam scores for two 
hour exams and the final exam under the old and 
new system. Mean exam scores were signifi- 
cantly higher for the first hour exam (83.29 in 
1989 versus 74.31 in 1987) and for the final exam 
(82.44 in 1989 versus 74.66 in 1987). No sig- 
nificant difference was found for the second hour 
exam (72.60 in 1989 versus 74.22 in 1987). 
These data provide at least a small amount of 
evidence to support the hypothesis that the sys- 
tem had a positive impact on learning. 


Table 4. Specific Student Suggestions for Improving GEN 101, Fall Semester, 1989 


Percent Responding 





Strongly Strongly 
Standard Agree Neutral Disagree No 

Suggestion Mean Error 5 4 3 2 l Response 
Create a file of old exams 4.09 0.16 43.2 31.8 20.4 0 4.5 0 
Study guide adequate without book 4.05 0.18 47.7 20.5 20.5 4.5 2.3 23 
Spend more time going over 

worksheets 3.43 0.15 11.4 43.2 27.3 13.6 4.5 0 
More class discussion is needed 3.30 0.14 11.4 25.0 47.7 13.6 2-3 0 
Spend more time going over exams 

and quizzes 3.23 0.16 15.9 15.9 47.7 15.9 4.5 0 
More worksheets should be used 2.98 0.18 15.9 9.1 38.6 29.5 6.8 0 
Use the chalkboard more 2d 0.17 9.1 11.4 38.6 29.5 11.3 0 
Spend more time going over 

supplemental slide shows 2.70 0.17 4.5 20.5 31.8 22.7 18.2 2.3 
Pop quizzes should not be used 2.67 0.21 13.6 9.1 27.3 22.1 22.7 4.5 
Use an overhead projector more 2.61 0.19 13.6 6.8 22.1 40.9 15.9 0 
Use computer-generated slides less 2.05 0.15 4.5 Z3 18.2 43.2 31.8 0 
Should require textbook purchase 1.93 0.19 6.8 6.8 11.4 20.5 52.3 2:3 
Worksheets need not be graded 1.61 0.11 0 13.6 34.1 52.3 0 0 
Quiz and test questions should 

come from the textbook on 

reserve 1.52 0.12 0 2.3 11.4 22.1 63.6 0 
Worksheets should not be used P52 0.14 0 6.8 6.8 18.2 68.2 0 
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Table 5. Differences in Mean Exam Scores 
Fall 1987 and Fall 1989 





First hour exam: 


N Mean Standard Deviation 
1989 45 83.29 12.42 
1987 68 74.31 17.63 
Variances assumed f DF Probability > |a| 
Equal (pooled) 2.96 111 0.0037 
Unequal (separate) 3.18 110.5 0.0018 


F-test for equal variances: F = 2.016 with DF 67, 44. Probability 
> F = 0,0146 


Second bour exam: 


N Mean Standard Deviation 
1989 45 72.60 12.38 
1987 68 74.22 14.63 
Variances assumed t DF Probability > |¢| 
Equal (pooled) -0.61 111 0.542 
Unequal (separate) —9.63 104.4 0.529 


F-test for equal variances: F = 1.396 with DF 67, 44. Probability 
> F = 0.240 


Final exam: 

N Mean Standard Deviation 
1989 45 82.44 14.14 
1987 68 74.66 12.26 
Variances assumed t DF Probability > |i] 
Equal (pooled) 3.11 111 0.002 
Unequal “separate) 3.92 84.9 0.003 


F-test for equal variances: F = 1.33 with DF 67, 44. Probability 
> F = 0.288 


Concluding Comments 


It is both possible and practical to develop a 
course based on computer graphics as the pri- 
mary medium of instruction employing cur- 
rently available computer, electronics-imaging, 
and software technologies. The survey results 
revealed that the combination of computer-gen- 
erated slides along with a coordinated study guide 
and set of worksheets provide learning oppor- 
tunities beyond a conventional chalkboard pre- 
sentation supplemented with textbook assign- 
ments. Survey results provide strong evidence 
that the students prefer the new teaching ap- 
proach. In addition, some evidence suggests that 
students learned more when the innovations were 
employed. 

The development of the video screens for the 
lecture presentation and study guide was a part- 
time effort by one of the instructors over a six- 
month period. Although the software used is 
simple to use, the speed at which the instructor 
can create the video images improves signifi- 
cantly with practice. The last lessons in the course 
were developed far more quickly, and with 
greater ease and accuracy than were the first les- 
sons. Once the instructor has become skilled with 


Amer. J. Agr. Econ. 


the capebilities of the software, a typical lecture 
can be dev2loped in perhaps two hours. Only 
lessons. involving the use of graphs based on 
secondary Cata take longer. This is not incon- 
sistent with the amount of time an instructor 
would crdirarily use to prepare a lecture for a 
freshman-level course employing conventional 
techniqtes. 


[Received September 1989; final revision 
received May 1990,] 
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Supply Response Under Proportional 


Profits Taxation 


John Quiggin 


A striking result in the theory of the competitive firm under certainty is the >roposition 
that a proportional profits tax (with full offsets for losses) will have no impact on 
optimal output. This result does not apply under uncertainty. It is shown tha:, under 
constant or increasing returns to scale, a proportional profits tax will yield am 
unambiguous expansion in output. The same result is shown to hold for the nore 


general rank-dependent expected utility (RDEU) model. 


Key words: firm scale, risk, uncertainty. 


A striking result in the theory of the competitive 
firm under certainty is the proposition that a 
proportional profits tax (with full offsets for 
losses) will have no impact on optimal output. 
The nondistortionary properties of such a tax have 
been the basis of a large literature incorporating 
attempts to devise a real tax which approximates 
the theoretical ideal as closely as possible (e.g., 
Brown). 

This result does not apply under uncertainty. 
In his seminal expected utility analysis of the 
firm under uncertainty, Sandmo claimed that a 
proportional profits tax would increase or de- 
crease output according to whether the coeffi- 
cient of relative risk aversion is increasing or 
decreasing. Katz pointed out that this result was 
erroneous and proposed several complex con- 
ditions involving both absolute and relative risk 
aversion. In their recent survey of the theory of 


the firm under uncertainty, Robison and Barry ` 


use a mean-variance approximation to the ex- 
pected utility (EU) model to examine this ques- 
tion and conclude that the impact of a propor- 
tional profits tax is ambiguous except in the 
restrictive special case of constant absolute risk 
aversion. 

The competitive optimal output under cer- 
tainty is only defined when returns to scale are, 
at least eventually, decreasing. This situation, 
however, does not apply under uncertainty. 


John Quiggin is a visiting associate professor in the Department of 
Agricultural and Resource Economics, University of Maryland. 

The author would like to thank Darrell Hueth and especially Bob 
Chambers, as well as two anonymous referees, for helpful com- 
ments and criticism. They are, of course, not responsible for any 
remaining errors. 


Quiggin (1982a) shows that, under weak as- 
sumptions, a competitive optimal output will exist 
under constant or increasing returns to scale.' 
This analysis is particularly important in relation 
to agriculture because many studies have found 
evidence of increasing returns to scale. The most 
usual result is the existence of an L-shaped cost 
curve with ar: initial region of increasing returns 
followed eventually by constant returns. (A 
summary of the literature, along with a critical 
response, is ziven by Castle.) Risk aversion is 
a promising explanation for the observed exis- 
tence of competitive firms of finite size. 

The object of this note is to show that, under 
constant or increasing returns to scale, a pro- 
portional profits tax will yield an unambiguous 
expansion in output. The same result is shown 
to hold for the more general rank-dependent ex- 
pected utility (RDEU) model (Quiggin 1982b, 
Yaari). The result does not generalize to other 
general mode_s such as the smooth preferences 
model of Machina. 

The seemingly perverse supply response de- 
rived here may seem less surprising when it is 
considered in the light of the debate over the 
treatment of risk in public projects following the 
work of Arrow and Lind. In this literature, the 
analysis is cas: in terms of discount rates. How- 
ever, there is a direct relationship to the problem 


' The term returnsto scale is sometimes used in the specific sense 
of the cost structure in relation to a proportionate expansion in all 
inputs, and distingu-shed from the case, referred to as returns to 
size where the least-cost input mix varies as output increases. In 
this analysis, as in most of the literature an the firm under uncer- 
tainty, the term retucns to scale will be used in the general sense 
including returr.s to size. 
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of the firm under uncertainty because the more 
the discount rate is increased to take account of 
risk, the lower is the level of investment and 
output. One of the themes in that literature is 
that a proportionate corporate profits tax makes 
the government an effective partner in private 
projects, bearing a share of the risk proportion- 
ate to the tax rate (Mayshar). This relationship 
implies that the discount rate for such projects 
should be lowered; that is, the number of proj- 
ects undertaken should be larger than it would 
be for the same market rate of interest in the 
absence of a corporate tax rate. Thus, at least 
in a partial equilibrium sense, this analysis leads 
us to expect a positive supply response to a pro- 
portional profits tax. A similar analysis applies 
to risk-sharing problems such as those of share- 
cropping and franchise contracts. 

The positive supply response result may also 
be motivated by considering the case of constant 
returns to scale. Under constant returns to scale, 
for any realization of the random price variable 
p, profit is linear in output a. It is well known 
(Sandmo, Quiggin 1982a) that, whereas output 
under certainty is indeterminate in this case,-a 
risk-averse firm under uncertainty will have a 
finite optimal output. Denote this output a* and 
let the associated distribution of profits be F(rrl a). 
Now suppose a tax is imposed at a rate of 50%. 
By the linearity property of constant returns to 
scale technology, the distribution F(a/2|.,«) ob- 
tained at an output of 2a* is identical to the 
original optimum F(a]|,+) and is the new optimal 
distribution. 


The Economic Control Problem 


The positive supply response result will be proved 
in the context of a general economic control 
problem which includes as special cases the 
problem of the firm under price or yield uncer- 
tainty. The firm is required to solve the max- 
imization 


(1) Max ELU C(O, @))], 


where @ is an economically relevant random 
variable, such as price or yield, and œ is a con- 
trol variable, interpreted here as (planned) out- 
put. The profit function m determines the level 
of profits for given choices of @ and a. In EU 
theory, the function U is a von Neumann-Mor- 
genstern utility function, here assumed to be 
concave. It will be assumed that 


(A.1) d77/00 > 0, and 
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(A.2) 0r/dbda = 0. 


These conditions will be fulfilled in all the 
standard versions of the control problem. The 
first ensures that increasing values of the ran- 
dom variable (e.g., output price) increase prof- 
its. This condition is a natural one in most ver- 
sions of the problem. The second condition 
ensures that increasing values of the random 
variable increase the marginal return to the con- 
trol variable (e.g., output). For the firm under 
output price uncertainty, we have 


(2) 76, a) = Ga — Cla), 


and (A.2) is clearly satisfied. Many more gen- 
eral forms of the profit function will also satisfy 
(A.2). 

The first-order condition for an interior opti- 
mum for the problem (1) is 


(3) E[aU /dvd7/dal = 0, 


and the second-order condition is 


~ (4) D = EUn að 


+ 0U/d7d77/da7] < 0. 


Given the assumed concavity of U, the sec- 
ond-order condition will always be satisfied if 
q is concave or linear in æ. 

It remains to be shown that an interior solu- 
tion will exist. The decision maker must be suf- 
ficiently risk averse to permit the existence of a 
finite optimal output, while production must be 
sufficiently attractive that the optimal output is 
nonzero. Quiggin (1982a) derives necessary and 
sufficient condition for the existence of a finite 
optimum. It is assumed that there is, in the limit, 
a positive probability that increases in the con- 
trol variable will reduce profit. That is, 


lim Pr{ðr/ðæ = 0} > 0. 


ae 


Given this “no easy money” assumption, a 
fairly weak sufficient condition on the utility 
condition is lim,_,.l/'(a) = 0. This condition is 
satisfied by all the constant relative risk-aver- 
sion functions and, hence, by any function in 
which the coefficient of relative risk-aversion is 
bounded away from Zero. 

The second requirement is that the optimal 
output should be positive. A sufficient condition 
may be derived from the observation that, for 
small risks, the decision maker will be effec- 
tively risk neutral. Thus, if E[d7/da] is positive 
in a neighborhood of a = 0, a positive level of 
output will be chosen. 
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Now let a proportional profit tax, with full 
rebates for losses, be imposed at a rate 7. Then 
the problem becomes 


(5) Max,E[U(m(8, a))], 


where 7 = (1 — Dm, with first- and second- 
order conditions 


(6) E[3U /d79077)/da] = 0, and 


1) D= EUI (0%/da)y 
+ ðU /ð mð? mð] < 0. 


Implicit differentiation of (6) with respect to 
t yields 


(8) ða*/ðt = (1/DE[nr U /ð mama], 


where, as before, œ* denotes the optimum level 
of a. 

By (A.1), for any «æ, there is a unique value 
6 such that 8 = 8 da/da = 0. Let 7 be the 
value of ñ given 6 = 6; then, 


(9) 
da*/dr = (1/D\E[(r — ï) 3m/ðag U/I nk] 


+ FE[dr/dad°U /an]}. 


The first expectation on the right-hand side 
(RHS) is everywhere negative by the definition 
of 7, since (m — 7) has the same sign as 071/ 
da for every value of 0. The second expectation 
may be shown to be positive as follows. Ob- 
serve that d°U/daa = —AdU/dm, where A is 
the coefficient of absolute risk aversion. Thus, 


(10) Elda/dad’U/d7] 
= —E[Adm)/dadU /ð r]. 


From the first-order condition (6), the second 
expectation in the RHS of (9) will be zero when- 
ever A is constant. This yields the result, de- 
rived by Robison and Barry, that da*/d7r = 0 
under constant absolute risk aversion. 

For the more plausible case of decreasing ab- 
solute risk aversion, we may proceed as fol- 
lows. Let A be the value of A when 0 = 6. Be- 
cause A is monotone decreasing, while 071/ 
dadU/d- is positive if and only if 0 = 6, 


(11) EfAda/dadU/da] 
< AE[d/dadU ðr] = 


by (6). 

Thus, if 7 is negative, the entire term in curly 
brackets in equation (9) is negative. Then, by 
(8), da*/d7 = 0. 

When the control problem is that of the com- 
petitive firm under output price uncertainty, 6 
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represents pr-ce and the definition of 6 implies 
6 is equal to marginal cost. Profit is equal to 
output multiplied by price less average cost. 
Thus, the sign of 7 depends on whether MC < 
AC. Under constant returns to scale, MC = AC 
and # = 0. Jnder increasing returns to scale, 
MC < AC ard 7 < 0. 
The discussion above yields 


PROPOSITION 1. For the competitive firm un- 
der output price uncertainty, given decreasing 
absolute risk aversion, a sufficient condition for 
a positive supoly response to an increase in the 
rate of propcrtional profit taxation is that re- 
turns to scale should be nondecreasing. 


For a U-shaped cost curve displaying even- 
tually decreas:ng returns, the same argument es- 
tablishes that :here will be a positive supply re- 
sponse whenever the initial optimum is in the 
region of the curve characterized by declining 
or flat average costs; that is, whenever output is 
at or below thz point at which average costs are 
minimized. A production point below the cost- 
optimizing level can never be optimal for the 
competitive firm in the absence of uncertainty, 
but it is perfectly feasible when uncertainty is 
present. 

The extension to RDEU preferences is 
straightforward. Maximization of an RDEU 
functional is equivalent to maximization of ex- 
pected utility with respect to a transformed 
probability distribution. For a problem such as 
that of a proportional profits tax, therefore, the 
EU result carries over directly. This technique 
does not work for the general smooth prefer- 
ences modelled by Machina. The change in the 
distribution of income associated with a pro- 
portional profics tax will lead to a change in the 
local utility function with respect to which the 
first-order condition (6) applies, and this en- 
sures that comparative static results will be am- 
biguous. 


Concluding Comments 


The existence of a tax which calls forward a 
positive suppl” response might seem like the 
discovery of a fiscal “philosopher’s stone.” 

However, the analysis presented here does not 
apply to ordinary forms of capital taxation, such 


? The discovery of the philosopher’s stone, which would trans- 
mute base metals ino gold, was a key research objective of the 
medieval alchemists. 
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as corporate income taxes. The tax base is pure 
economic profit, that is, above-normal returns 
to capital and the tax must include full offsets 
for firms with below-normal returns to capital. 
Hence, if a proportional profits tax of the type 
analyzed here were applied across the board, the 
net revenue raised would be unlikely to be large 
and might not even be positive. 

The appropriate role for taxes of this kind arises 
when the tax base is some form of economic 
rent. As noted in the introduction, proportional 
profits taxes have been proposed as a means of 
taxing the rent associated with mineral deposits. 
A similar approach might be used as a means of 
financing agricultural developments, such as ir- 
rigation schemes, particularly where the returns 
to farmers are very risky. Rather than selling 
water rights at market prices, governments could 
allocate them at low cost and impose a propor- 
tional levy on (pure economic) profit. In both 
mining and agricultural contexts, however, nu- 
merous practical difficulties must be overcome 
before a tax of this kind could be implemented. 


[Received December 1989; final revision 
received April 1990.] 
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An Econometric Model of the U.S. 
Beekeeping Industry 


Lois Schertz Willett and Ben C. French 


This paper presents a dynamic econometric model of the U.S. beekeeping industry for 
policy analysis and economic projections. Data from 1952 to 1984 were used Db 
estimate the model by three-stage least squares. The model indicates that, whem the 
federal price support for honey exceeded the market price, the federal program had a 
significant impact on several sectors of the industry. A comparison of beekeeper 
revenue, consumer expenditures, and federal government expenditures suggests the 
honey support program was an ineffective means of supporting honey prices fram 1982 


through 1984. 


Key words: beekeeping, dynamic, econometric, honey support program, price analysis. 


The U.S. beekeeping industry contributes to the 
nation’s food supply by producing honey and by 
providing pollination services to over 3.5 mil- 
lion acres of fruits, vegetables, oilseeds, and le- 
gume seed crops dependent on insect pollina- 
tion. Insect pollination increases yields on another 
63 million acres (Hoff and Phillips). Bees pro- 
duced 150 million pounds of honey, and polli- 
nation services benefited crops with a total value 
of $9.3 billion in 1985 (Robinson, Nowo- 
grodzki, and Morse). Beekeeper returns have 
been affected by government price support pol- 
icies, imports, and pesticide applications, and 
potentially may be affected by the spread of Af- 
ricanized bees. Previous economic studies of the 
industry by Meade, Cheung, Johnson, Gould, 
Siebert, Olmstead and Wooten have focused on 
more limited issues pertaining to externalities and 
the effects of bees on productivity. McDowell 
evaluated the impacts of a possible spread of 
Africanized bees, and the General Accounting 


2" 


model involving estimated supply and demand 
relationships. Policy analysis and economic pro- 
jections may be improved by a more complete 
quantitative modeling framework. 
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This paper resents a dynamic econometric 
model of the b2ekeeping industry. The model is 
used primarily to gain insight into the economic 
effects of chamging the price support program 
for honey. It has further potential as a tool in 
analyzing economic issues involving (a) the 
possible effects of the Africanized honey bee; 
(b) the potenticl effects of bee diseases and par- 
asites such as- chalkbrood, tracheal mites, and 
the varroa mite; (c) the probable effects of pes- 
ticides on the industry; and (d) the import mar- 
ket. The theore-ical foundations for modeling the 
production and marketing in the beekeeping in- 
dustry are presented first. In the next sections 
the empirical model is defined, and empirical 
results are presented. Finally, the impacts of a 
change in the -ederal support program are dis- 
cussed. 


Conceptual Model 


The primary p-oducts of the bee industry are 
honey, beeswax, and pollination services. The 
primary production inputs are packages of bees 
and queen bees, transportation services, extrac- 
tion and handimg equipment, and labor. Some 
beekeepers generate replacement or expansion 
colonies from their own brood stock. Other bee- 
keepers, especially in colder climates, purchase 
replacement peckages and queens from bes- 
keepers in warmer climates who specialize in 
producing these products for sale. The theoret- 
ical foundatioms for the equation system re- 
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quired to model the production and marketing 
of bee products are outlined briefly in this sec- 
tion. 


Supply Response 


A generalized production function for beekee- 
pers is 


a) FH, W, $, C, K, L) = 9, 


where H, W, S are rates of output of honey, wax 
(a by-product), and pollination services, C is a 
bundle of inputs associated with (and measured 
by) the number of colonies, and K and L are 
other capital and labor inputs. For firms that re- 
place or expand part or all of their colonies with 
purchased bees and queens, C may be decom- 
posed into a component proportional to the pur- 
chase of package bees (B) and queens (Q) and 
a component associated with internally gener- 
ated bee replacements. For firms that produce 
` bees and queens for sale, B and Q are added as 
products. 

A generalized net revenue function for bee- 
keeping may be expressed as 


(2) R=H-Pyt+W-PytS:Ps+B-P, 
+O: Po > C:Po=K-Py = LPi 


where Py, Py, Ps, Pg, and Po are producer prices 
for honey, beeswax, pollination services, pack- 
ages of bees, and queens, respectively; P¢'re- 
flects the direct cost of replacing or adding a 
colony; and Px and P, are vectors of prices of 
other capital and labor inputs. For beekeepers 
who purchase packages and queens, Pe is a 
function of Px and Pg and transportation charges. 
The values of B and Ọ are zero for firms that 
do not produce packages or queens, and S is zero 
for firms that do not sell pollination services. 
_ The determination of optimal input and output 
rates is a two-stage process. Assuming compet- 
itive conditions, the first stage involves maxi- 
mizing expected net revenue over a future time 
horizon with respect to all output and input 
choices, subject to the production function. The 
first stage generates a set of functions which re- 
late planned inputs and planned outputs to the 
expected prices of all inputs and outputs. It also 
provides an input demand function for bee col- 
onies which relates the investment in colonies 
to expected future prices of all products and in- 
puts.. | 

Changes in the price support program for honey 
could affect beekeepers’ price expectations and, 
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therefore, the profit-maximizing adjustments. 
Honey price supports have been in place for many 
years, but generally they were below producer 
average market prices prior to 1981. Thus, the 
price support program would have little effect 
on producer decisions over that period. From 
1981 to the end of the data used for estimation 
(1984), support prices exceeded free market 
prices. This change could have affected pro- 
ducer investment response and other equations 
of the system as well. To reflect this effect, we 
introduced a variable, X, which is zero prior to 
1981 and thereafter represents the difference be- 
tween the support price and the market price. 
This specification is preferable to using a zero- 
one. dummy variable because the response likely 
varies with the difference between support and 
market prices. 

With these considerations, the aggregate col- 
ony response function is expressed as 


(3) C= CPi Py, Ps, Pa, Pc, Pk Pi, X), 


where the superscript e indicates an expected 
value.’ The producer expectation model is dis- 
cussed with the empirical specifications. 

The current-year outputs of bee products (in 
contrast to the planned outputs determined in the 
first stage) flow recursively from investments in 
bee colonies. Second-stage solutions for the bee 
product mix are obtained by maximizing current 
net revenue with respect to all outputs and in- 
puts, subject to the production function with 
colonies (C) given. The result is a set of con- 
ditional short-run supply functions plus input 
demand functions for packages and queens, which 
express quantities supplied (or demanded) as 
functions of colony numbers and current prod- 
uct and input prices and the influence of the price 
support program. That is, 


(4) H = H(C, Py, Py, Ps, Pg, Po, Pr, Pi, X), 
(5) W=aH, X 
(6) S = S(C, Py, Pw, Ps, Ps, Po, Pr, P, X), 


(7) 

B° = BY(C, Py, Pw, Ps, Pas Po, Px, Pi, X), 
8) 

Q = OC, Pu, Pws Ps, Pa, Po, Pr, Pr, X), 
(9) 


B? = BC, Px, Pw, Ps, Ps, Po, Px, Pu, X), 


' Investments in bee colonies could be influenced by changes in 
alternative uses of beekeeper resources. However, we could not 
identify a clear measure of returns to such alternatives. 


42 February 1991 


and 


(10) . 
Q? = Q”(C, Py, Pw, Ps, Pg, Po, Px, Ph, X). 


Equations (4) to (8) are conditional supply curves, 
and equations (9) and (10) are the input demand 
functions for bee packages and queens. 


Allocation of Honey between Processing and 
the CCC 


Beekeepers forfeit their honey to the Commod- 
ity Credit Corporation (CCC) when the support 
price exceeds the market price. However, the 
allocation does not jump from 0% to 100%, but 
it increases with increases in the ratio of the sup- 
port price to the market price. That is, 


(11) H. =A(H, SP, Py) if SP = bPy, 
Hc = 0 if SP < bPy, 


where SP is the support price and Hc is quantity 
sold to the CCC. The coefficient b is a value 
slightly less than 1.0 since some honey may be 
allocated ta the CCC even when the market price 
is slightly below the support price because of 
market imperfections, differences in availability 
and accessibility of CCC storage facilities across 
the country, and differences in honey quality 
characteristics. The quantity sold to processors 
(Hp) is the difference between the quantity pro- 
duced and the quantity forfeited to the CCC(A> 
= H—H c) ‘ 


Processor Demand for U.S.-Produced Honey 


Honey processors obtain raw honey from both 
U.S. producers and from other countries. Im- 
ported honey is not a perfect substitute for U.S. 
produced honey because of market contracts, 
concern over dependence on imports, and vari- 
ations in quelity and type of honey. Under the 
competitive conditions assumed here, the profit- 
maximizing behavior of processors generates a 
set of input demand functions which relate the 
quantity of each input to the expected price of 
the processec product and the prices of all in- 
puts. The variable X allows for a possible down- 
ward shift in demand because of lower reliabil- 
ity of domestic honey supplies when much of it 
is delivered tc the CCC. Hence, the demand for 
U.S.-produced raw honey (Hp) may be ex- 
pressed as 


(12) Hp = D(PP*, Py, Pi, Po, X), 
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where PP* is ‘he expected price for processed 
honey, Py is the price of U.S. raw honey, P; is 
the price of imported honey, Po is a vector of 
prices of other inputs and X is defined above. 

Processor demand for imported honey is ex- 
pressed similarly to the U.S. demand: 


(13) H; = 1(PP*, Py, Pr, Po, X). 


The processor expectation model is discussed 


with the empirical specifications. 


Farm-Level Demand for Beeswax 


Beeswax is purcaased by bee supply dealers who 
use the wax in the production of frame foun- 
dations and by manufacturing industries for cos- 
metics, pharmaceuticals, sculpturing, and can- 
dles. Imported wax is a strong substitute for 
domestically produced wax. Hence, the derived 
demand facing beekeepers expresses the price 
(Py) as a function of the quantity of wax (W), 
the price of imported wax (Pw, and other fac- 
tors (Y) which may shift demand as seen by 


(14) Py = WW, Py, Y, X). 


The variable X al.ows for a possible shift in wax 
demand among beekeepers under an effective 
honey price support program. The price of wax 
and the quantity demanded of wax are jointly 
determined. However, the demand equation is 
expressed as a price-dependent function because 
the quantity of wax is largely a predetermined 
variable. 


Demand for Pollination Services 


The demand for pollination services is derived 
from the input demand functions of farmers who 
produce crops requiring these services. This re- 
lationship is expressed as 


(15) S = S°Ps, Pr, Pz), 


where Ps is the price of pollination services, 
Pr is a vector of the expected prices of the prod- 
ucts obtained from the services, and Pz is a vec- 
tor of prices of other farm inputs. 


Demand and Market Allocation of Processed 
Honey 


The annual supply of processed honey consists 
of the quantity of domestically produced raw 
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honey (Hp), which is converted to processed 
honey with little or no loss, the quantity of honey 
imported (H), and inventory carried into the 
current year (ST). Processor decisions on the 
amount of the annual supply to market in the 
current year (Hy) and to carry as inventory to 
the next year (ST,,,) are made under conditions 
of uncertainty as to supply and demand condi- 
tions applicable to ST,,,. There are no generally 
accepted theoretical principles to predict pro- 
cessor behavior in the face of this uncertainty. 
The formulation here is a modification of a model 
for canned fruit processors developed by French 
and King. Noting that processors have an op- 
portunity to adjust outputs in ¢ + 1, French and 
King argue that processors attempt to achieve an 
allocation in ¢ to assure that the price covers the 
raw product and processing cost. However, they 
will be influenced further by their price and cost 
expectations in £ + 1. The deflated lagged price 
and cost reflect the most recent market and cost 
experience and serve as a base for projecting 
possible sales in year ¢ + 1. 

With these considerations, a market alloca- 
tion function may be approximated by 


(16) Hy = M(H, + H, + ST, 
PP, PP,_,, PC, PC., X), 


where Hy is quantity of honey marketed in ż, 
Hp is quantity of U.S. honey processed, H; is 
imported honey, ST is carry-in stocks, PP is 
processed honey price, PC is the raw product 
and processing cost. The variable X is included 
to test for a possible shift in market allocation 
decisions under an effective price support pro- 
gram. 

Honey processors face a demand function de- 
rived from consumer, institutional, and manu- 
facturing uses. With equation (16) normalized 
on quantity, the demand function is normalized 
on price as seen by 


(17) PP = P(Hy, N, X), 


where N represents other variables (to be de- 
fined in the empirical specification) that account 
for shifts in the level of consumer and inter- 
mediary demand. The variable X accounts for 
possible effects of free distribution of CCC stocks 
beginning with their accumulations in 1981. 
Statistics on actual CCC distributions are not 
available. 

Carry-over stocks are determined by the iden- 


tity 


(18) ST, = Hp + H; + ST — Ay. 
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Equations (16), (17), and (18) form a simulta 
neous system. 


Total System 


With added specifications for how price expec- 
tations are formed, plus required identities, and 
the simplifying assumption that the supply of 
imported honey (H;) is nearly perfectly elastic, 
equations (3) to (18) form a complete system 
that may be solved for the annual outputs and 
prices of all honey products, given the values of 
the exogenous variables and any lagged endog- 
enous variables. 


Empirical Model 


The equations of the model are specified as lin- 
ear approximations in the parameters but with 
some nonlinear identities. The variable X could 
affect all of the parameters of the equations in 
which it is included. However, because the ob- 
servations to test this are insufficient, it is en- 
tered as a linear variable affecting only the level 
of response. Prices are deflated by the personal 
consumption expenditure deflator. All obser- 
vations are annual values. The empirically es- 
timated model is presented in table 1 with ż-sta- 
tistics in parenthesis below each coefficient and 
the equations’ Durbin-Watson or Durbin h-sta- 
tistic presented. The variables are defined in ta- 
ble 2. Estimation procedures are described fol- 
lowing the discussion of empirical specifications. 


Investment in Colonies 


The colony response function, equation (3), is 
modified for empirical analysis by replacing the 
input prices with measures of unit production 
cost and combining the costs and product prices 
into measures of joint profitability (ratios of 
revenue per colony to cost per colony) for bee- 
keepers specializing in honey production 
(FHOPMT), pollination services (FPOPMT), 
and bee production (FPKPMT) [see table 1, 
equations (3.2), (3.3), and (3.4) for defini- 
tions.| The number of colonies is expressed as 
a function of expected future values of the prof- 
itability measures. 

In forming their future profitability expecta- 
tions, beekeepers are assumed to rely mainly on 
average profit experience over recent periods. 
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Table 1. Econometric Model of the U.S. Honey Industry 





Colony Response 

Colony: 

(3.0) COL, = 139.658 + 0.903 COL,_, + 242.299 FACMT2, (Durbin k = 0.186) 
(1.102) (34.323) (3.591) 


Average profitability (lagged endogenous): 
(3.1) FACMT2, = (1/3) + ((FHOPMT,.. + FHOPMT,..)/2 + (FPOPMT,., 
l + FPOPMT,-2)/2 + (PFPKPMT,., + FPKPMT,..)/2] 


Honey profitability: 
(3.2) FHOPMT, = [PHMAXD, * WHOHO + PWXD, * WWXHO + PPODa * WPOHO + PPKDa * WPKHO 
+ POND¢, * WQNHO]/(PPKD¢, * GPKFO + POND * QQNHO + CHOPXD,) 
Bee production profitability: 
(3.3) FPKPMT, = [PHMAXD, + WHOPK + PWXD, * WWXPK + PPODc¢, = WFOPK + PPKDao * WPKPK 
+ PONDc, * WONPK]/<PPKD¢, * OPK?K + PQNDe, * QQNPK + CPKPXD,) 
Pollination profitability: 
(3.4) FPOPMT, = [PHMAXD, + WHOPO + PWXD, x WWXPO + PPOD,, * WPOPO + PPKDa * WPKPO 
+ PQNDa * WQNPO]/(PPKD,, * GPKFO + PQNDc¢, * QONPO + CPOPXD,) 


Farm price maximum: 
(3.5) PHMAXD, = MAXIMUM(PHFD,, PHSD,) 


Product Supply and Demand 


Honey supply: 
(4.0) OQOHF, = 121.935 + 0.049 COL, + 117.232 FHOPMT, — 73.478 FPKPMT, 


(3.347) (5.749) (3.989) (—3.687) 
— 230.157 FPOPA‘T,— 867.204 X, (D-W = 2.330) 
(3:570 (—2.079) 
Wax supply: : 
(5.0) QWX, = WXHOR, * OHF, 


Pollination price setting: 
(6.0) PPODa = 11.063 + 0.423 PPODa-;, + 0.0044 QPOc — 0.0015 COL,- + 3.710 PHMAXD,., 
(4.300) (4.245) (5.377) (—3.471) (3.465) 
— (C191 TRND, (Durbin h = 0.414) 
(—4.341) 


Package price setting: 
(7.0) PPKD,, = 0.194 + 9.442 PHFD,., (D-W = 1.482) 
(1.639) (19.302) 


Queen price setting: 


(8.0) PONDc = ~0.229 + 0.865 PPKD,, + 3.045 QQNCOL, (D-W = 1.469) 
(—2.912) (24.562) (4.326) 
Package bee demand: 
(9.0) QPKCOL, = 0.035 — 0.026 PPKDa + 0.243 PHMAXD,.,+ 0.933 DONCOL,— 0.894 X, 
(5.788) (—3.499) (2.944) (10.942) {~3.954) 
+ 2.029 DUM6S5, (D-W = 1.770) 
i (@.038) 


Queen demand: 
(10.0) QQNCOL,= ~0.113 — (6.022 POND, + 0.289 PHMAXD,., + 0.247 QPKCOL,—-— 0.169 X, 


(—2.602) (—3.577) (4.489) (4.205) (— 1.023) 
+ #.0023 TRND, (D-W = 1.414) 

(G.200) 

Allocation of honey between CCC and processors:* 

(11.0) QHC, = AHC, * QHF, 

(11.1) AHC, = POS(~1.217 + 1.441 PHSFARD,) (D-W = 2 117) 

{(-3.059) (4.131) 
(11.2) PHSFARD, = PHSD,/PHFD, 


(11.3) QHP, = (i — AHC,) * QEF, 
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Demand for beekeepers’ honey: 


| 
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(12.0) PHFD,= 0.263— 0.0044 QSHPM,- 0.0028 /CHPD, + 0.249 PHRDF,., + 0.017 DHM,., 
(4.796) (-—0.393) (-5.714) (3.939) {1.205} 
+ 0.613 PHID,+ 0.098 DUM73,-— 0.623 X, (D-W = 1.526) 
(13.629) (8.580) (-2.214) 
(12.1) QOSHPM, = QHP,/M, + SHP,/M, 
Demand for imported honey: 
(13.0) JHM,= 0.375- 0.143 QSHPM, + 0.827 PHMAXD, + 0.068 PHRDF,-ı ~ 1.699 PHID, 
(3.570) (—4.735) (1.558) (0.282) (—4.035) 
+ 0.143 DUM73,+ 2.667 X, (D-W = 1.848) 
(2.562) (2.465) 
Wax demand: 
(14.0) PWXD,= 0.151 - 5.713 QWXM, + 0.055 FHOPMT,.., + 0.786 PWXID,~ 2.159 X, (D-W = 1.500) 
(3.447) (-—4.930) (2.529) (25.915) (-—3.648) 
(14.1) QWXM, = OWX,/M, 
Processors’ Marketing 
Domestic supply of processed honey: 
(16.0) QDHMM,= —0.295+ 0.943 QSHPM,+ 1.179 PHRDFX,- 0.250 PHMAXDX, 
(-—2.287) (15.472) (2.276) (0.583) 
+ 0.0058 7RND,~ 5.049 X, (D-W = 1.586) 
(2.385) (—4.692) 
(16.1) PHRDFX, = PHRDF, ~ PHRDF,-, 
(16.2) PHMAXDX, = PHMAXD, — PHMAXD,., 
Demand for processed honey: 
(17.0) PHRDF,= 0.423 — 0.043 DHM,+ 0.213 DUM73,~— 0.012 TRND73, 
(17.504) (—2.257) (21.798) (—9.338) 
— 0.993 X, (D-W = 2.381) 
(—2.340) 


(17.1) 


Carry-over stocks: 
(18.0) 


DHM, = QDHMM, + IHM, — EH,/M, 


SHP, = QHP, + (HM, * M) + SHP, — (DHM, * M,) — EH, 


*In (11.1), the POS function takes the value in parentheses or 0, whichever is larger. 


Profit measures averaged over various lags were 
tested, with a two-year average providing the 
best predictions of colony numbers. The lagged 
profit measures for the three beekeeper special- 
izations were combined into a single measure of 
lagged average profitability (FACMTZ2) (see ta- 
ble 2, equation (3.1)). The variable X was not 
statistically significant in the empirical estima- 
tion and was omitted from the final equation. 

Data pertaining to diseases, pesticide losses, 
and extreme weather which may affect colony 
numbers are incomplete or unavailable, so these 
effects are reflected as part of an unexplained 
disturbance. 

Beekeepers’ desired level of colonies may not 
be achieved instantaneously because of the time 
required to fill orders, make deliveries, and ob- 
tain capital. Actual and desired colonies are as- 
sumed to be related as in the partial adjustment 


model. That is, actual colonies in ¢ are equal to 
actual colonies in ¢t — 1 plus a proportion of the 
difference between desired colonies in ¢ and ac- 
tual colonies in £ — 1. 

With these considerations, the colony re- 
sponse function is expressed linearly as equation 
(3.0) in table 1 where the variables are defined 
in table 2. 


Honey and Wax Supply 


As in the colony response function, the price 
variables in the conditional supply function for 
honey, equation (4), are converted to measures 
of unit costs and returns and combined into 
profitability measures for the three major spe- 
cializations as seen in equation (4.0) in table 1. 
The supply of wax is proportional to honey pro- 
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Table 2. Empirical Model Variable Definitions 
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Name Definition Measure 
AHC Allocation of honey to the CCC (proportion) 
CHOPXD Exogenous input costs for honey producer ($/colony) 
*COL, Industry colonies (thousands) 
Constant Intercept (1) 
CPKPXD Exogenous input costs for package bee producer ($/colony) 
CPOPXD Exogenous input costs for pollination producer ($/colony) 
*DHM Disappearance of honey (ibs /person) 
DUM65 Dummy in 1965 and after (0 or 1) 
DUM73 Dummy in 1973 and after (0 or 1) 
EH Exports of hohey (million Ibs) 
*FACMT2 Profitability ratio for all products in time t — 1 and t — 2 (dimensionless) 
*FHOPMT Profitability ratio for honey production (dimensionless) 
*FPPKPMT Profitability ratio for package bee production (dimensionless) 
*FPOPMT Profitability ratio for pollination services (dimensionless) 
ICHPD Index of costs of honey processing (1972 = 100) 
IHM Imports of honey (ibs /person) 
M Population (millions) 
*PHFD Farm price of honey (1972$ /Ib) 
PHID Price of U.S. honey imports (1972$/1b) 
*PHMAXD Maximum farm price of honey (1972$/Ib) 
PHMAXDX Farm price of honey differential between t and t — 1 (1972$ /ib) 
*PHRDF Retail price of honey (19723 Ib) 
PHRDFX Retail price of honey differential between ¢ and t — 1 (1972$ /Ib) 
PHSD Price support for honey (1972$ /Ib) 
PHSFARD Support to farm honey price ratio (dimensionless) 
PPKDc Price of package bees (California) (1972$/1b) 
*PPODe Price of pollination services (California) (1972$/service) 
POND; Price of queen bees (California) (1972$/bee) 
PWXD Price of wax (1972$/1b) 
PWXID Price of wax imports (1972$/Ib) 
QDHMM Quantity of domestic honey marketed (ibs /person) 
QHC Quantity of honey to the CCC (millions lbs) 
QHF Quantity of honey (million lbs) 
OHP Quantity of honey to processors (million Ibs) 
OPKCOL Ratio of packages to colonies int — 1 (ibs /colony) 
**OPK() Packages used by (J) producer, where (Ibs /colony) 
J=HO Honey 
4 PK Package bee 
PO Pollination 

PO Quantity of pollination services (California) (thsnd services) 
QONCOL Ratio of queens to colonies (bees/colony) 
**QOONV) Queens used by (J) producer, where J is as in QPKU) (bees /colony) 
QSHPM Total domestic quantity of honey at the processor (lbs /person) 
QwWX Quantity of wax (million Ibs) 
QWXM Quantity of wax (lbs /person) 
*SHP Stocks of honey (million Ibs) 
TRND Linear time trend (year, 1952 = 3) 
TRND73 Time trend beginning in 1973 (year, 1973 = 1) 
**WHOUW) Honey produced by (/) producer, where J is as in OPK(V) (Ibs /colony) 
**WPK(J) Packages produced by (J) producer, where J is as in OPKG) (Ibs /colony) 
*¥*WPOL) Pollination services produced by (J) producer, where J is as in DPK(V) (services /colony) 
** WON) Queens produced by (J) producer, where J is as in QPK(J) (bees /colonv) 
**WWXU) Wax produced by (J) producer, where J is as in OPK) (ibs /colony) 
WXHOR Wax to honey production ratio (ibs /Ibs) 


X Dummy variable for support program effectiveness (0 or 1972$/Tb) 
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duction as seen in equation (5.0), where WXHOR 
is an exogenous variable that specifies the ratio 
of wax production to honey production. 


Supply and Demand for Pollination Services 


-Time-series data on the price and quantity of 
pollination services are available only for Cali- 
fornia (the major user of such services). Hence, 
the pollination component of the model refers 
only to California, although some pollination 
services in California may be obtained from 
beekeepers outside of the state. 

The supply equation, (6), is determined jointly 
with considerations of the demand for pollina- 
tion services, equation (15). Because there is lit- 


tle or no substitution between pollination and 


other inputs and because the cost of pollination 
relative to the total value of crop production is 
quite small, the demand for pollination services 
is very inelastic. The primary factors determin- 
ing the-demand for pollination services in Cal- 
ifornia (QPO-,) are the area of land requiring 
pollination services and the number of pollina- 
tion services used per acre. The latter increased 
over the period of study due in part to changes 
in the crop mix and farmers’ greater awareness 
of the potential benefits of bees. Empirical anal- 
ysis revealed no significant effect of the polli- 
nation price on the pollination services used per 
acre over the range of observed data. Hence, the 
demand for pollination services is expressed as 
an exogenous variable rather than as indicated 
by equation (15). 

With the quantity of pollination services 
(QPOc) entered exogenously, the supply func- 
tion for pollination services contains price as the 
dependent variable. The price of pollination ser- 
vices (PPOD-) is a function of the price of the 
service charged in the previous year, the quan- 
tity of services demanded (QPO,), the avail- 
ability of colonies to provide these services 
(COL), the price received to produce honey 
(PHMAXD), and a time trend (TRND) as seen 
in equation (6.0). 

The previous period’s pollination price re- 
flects inertia in the system and existing contrac- 
tual arrangements between farmers and bee- 
keepers. The colonies available to provide the 
services are based on previous period values since 
current-year colony numbers are not known at 
the time pollination prices are set in very early 
spring. Lagged honey price reflects the trade-off 
between honey production and pollination ser- 
vices resulting from the foraging intensity of 
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providing pollination services and the bitter taste 
of honey from almond pollination. Variable 
TRND accounts for secular increases in bee- 
keepers’ willingness to supply colonies for pol- 
lination services. Variable X, reflecting changes 
in the support program, was not significant in 
the empirical estimation. 


Supply and Demand for Package Bees and 
Queens 


As in the case of pollination services, price and 
quantity time-series data for package bees and 
queen bees are available only for California. 
Therefore, the package bee and queen bee sup- 
ply relationships refer to California. 

Discussions with industry representatives 
suggested that package bee producers, who have 
the option of retaining the bees for their own 
use, base the package price on the price of honey 
and sell whatever packages are demanded at that 
price. The price equation is specified as equa- 
tion (7.0) in table 1. Because the current-year 
average honey price is not known at the time 
most packages are sold, last year’s price is used 
in the specification. This price-setting equation 
replaces the supply equation (7) in the system. 

The price of queen bees has been set based. 
on the price of packages, with some modifica- 
tion reflecting the movement of queens relative 
to the number of colonies. The relationship is 
expressed as equation (8.0) in table 1. 

The demands for package bees and queens are 
proportional to the number of colonies. How- 
ever, the proportions vary with the product price, 
the level of the federal support program and shifts 
over time that are difficult to measure. The two 
demand functions are expressed as equations (9.0) 
and (10.0) in table 1. The ratio of packages to 
colonies (@PKCOL) is in equation (10.0) and 
the ratio of queens to colonies (QQNCOL) is in 
equation (9.0) to account for the complemen- 
tarity in the two demands. 

A shift in demand for packages occurred in 
the mid-1960s. The exact cause of the change 
is unknown, but it could be attributable to in- 
creased bee kills from new chemicals and the 
need for replacement bees or the increased ac- 
ceptance of starting colonies from packages and 
shipping these packages through the mail sys- 
tem. The variable DUM65, with a value.of zero 
prior to 1965 and one thereafter, was introduced 
in the package demand equation (9.0) to ac- 
count for the change. 

The demand for queens did not shift signifi- 
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cantly in 1965 as did the demand for packages. 
Queens are demanded by beekeepers for a more 
specialized purpose than packages. As the sci- 
ence surrounding artificial insemination of queens 
and the isolation of genetic qualities has im- 
proved, the increased confidence beekeepers 
' place in queen bees is manifested by increased 
demand for queens. The effect of this scientific 
evolution on the demand for queen bees is ac- 
counted for by a linear trend variable (TRND). 


Allocation of Honey between Processing and 
the CCC 


The empirical form of equation (11) is specified 
by equations (11.0), (11.1), (11.2), and (11.3) 
in table 1. The POS function indicates AHC takes 
the value in parenthesis or zero, whichever is 
larger. 


Processor Demand for Honey 


The empirical form of the processor demand 
function for U.S.-produced honey, equation (12), 
replaces the vector of processing input prices (Py) 
with an index of processing cost VCHPD) and 
normalizes the equation on price, rather than 
quantity. The price-dependent form is selected 
because honey supplies are partially predeter- 
mined anc the intercorrelation problem among 
prices is reduced. All quantities are expressed 
on a U.S. per capita basis. The price processors 
expect to receive for the processed product (PP*) 
is affected by carry-in stocks and imports and 
perceived shifts in the level of per capita de- 
mand. The latter may be indicated by changes 
in lagged deflated processed product prices and 
per capita movement. Past period price changes 
while movement is constant indicate a shift in 
demand; similarly, increased movement while 
price remains constant would indicate a shift in 
demand. 

An upward shift in the demand for honey also 
occurred in 1973 that was not accounted for by 
the lagged price and movement variables. One 
possible explanation is a change in the buyer 
psychology during and following the energy cri- 
sis of 1973 and 1974. The variable DUM73 ac- 
counted for this shift. With these consider- 
ations, the demand function facing beekeepers 
is specified as equation (12.0) in table 1. 

The demand for imported honey [equation (13)] 
is a function of the import price (PHID), the 
domestic honey price (maximum of support and 
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market price PHMAXD), and the price at which 
processors ey pect to sell the honey. Substituting 
for expected price as in equation (12) and sim- 
plifying, the demand for imported honey can be 
expressed as equation (13.0) in table 1. The 
lagged per capita movement of honey (DHM,_,) 
was not significant in the empirical estimation 
and was omited from the final equation. The 
variable DUM73 also was introduced in this re- 
lationship. 

Because of imited data the impacts of foreign 
supply and demand on U.S. imports could not 
be evaluated. No statistically significant rela- 
tionship was found between U.S. import honey 
demand and exchange rates. To simplify the 
analysis, impcrt supply is assumed to be ap- 
proximately perfectly elastic at given prices. 


Farm-Level Demand for Beeswax 


Equation (14) n the conceptual model is rep- 
resented by equation (14.0) in table 1. The vari- 
able QWXM replaces W, PWXID replaces Py, 
and FHOPMT replaces Y. FHOPMT accounts 
for changes in -he wax demand from beekeep- 
ers. As the profitability of the honey industry 
increases one would anticipate expansion in the 
number of colonies and a greater demand for 
wax frame foundations. 


Demand Facing Honey Processors and Their 
Market Allocaticn 


The market allocation for honey, equation (16), 
is specified as equation (16.0) in table 1. The 
quantities imported (HM) are sold currently with 
no inventory carryover because imports likely 
are coordinated closely with market demands. 
The dominant factor affecting the quantity of 
domestically produced honey marketed is the 
available supply of domestic honey (pack plus 
carry-in stocks). An increase in costs from the 
previous period may lead processors to reduce 
shipments (and increase carryover) in order to 
raise current price If the current price increases 
relative to the previous period price, current 
shipments may be increased; if price decreases, 
shipments may be reduced with the hope that 
prices will be improved the next period. The 
change in ICHPD was not statistically signifi- 
cant in the empirical estimation and was omitted 
from the final equation. The TRND variable ac- 
counts for a general increase in market alloca- 
tion and reduced average inventory carryover. 
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The domestic demand facing honey proces- 
sors is expressed as equation (17.0) in table 1 
where DHM is defined as equation (17.1).* The 
data suggest that the per capita demand for honey 
remained stable until about 1973. It then shifted 
upward with the onset of high-level inflation and 
the Arab oil embargo but with a down trend be- 
cause of increasing health and caloric concerns 
about sweeteners. The dummy shift variable, 
DUM73, and the trend variable beginning in 
1973, TRND73, accounted for these complex 
shifts. DUM73 has a value of zero prior to 1973 
and is 1 thereafter. TRND73 is a trend variable 
that is zero prior to 1973, then is 1 in 1973, 2 
in 1974, etc. 

Because data for the honey industry are avail- 
able only for calendar years rather than seasonal 
years, stocks are measured as of January 1. The 
major domestic honey flow is in the spring and 
summer. With seasonal year data, April 1 to April 
1, the seasonal supply to be allocated is pre- 
determined for a given year. However, with cal- 
endar year data, the quantity packed (and there- 
fore the annual supply) is determined 
simultaneously with the processors’ allocation 
of the processed product, the price of the pro- 
cessed product, the carryover stock level and the 
demand for imported honey. 

In terms of the empirical variable definitions, 
equation (18) becomes equation (18.0) in table 
1, where SHP refers to January 1 stocks. Other 
variables are as defined in table 2. 


Empirical Results 


The complete model consists of thirteen jointly 
related stochastic equations, linear in their pa- 
rameters, and fifteen identities or technical 
equations seen in table 1. One of the technical 
equations, equation (3.1), describes FACMT2, 
a calculated predetermined variable rather than 
an endogenous variable. Some identities, such 
as equations (3.2), (3.3) and (3.4), are nonlin- 
ear. There are twenty-seven current endogenous 
variables, eleven lagged endogenous variables, 
and seventeen exogenous variables in the model. 
The exogenous variables are underlined in the 
variable definitions (table 2). Lagged endoge- 





? Other sweeteners, such as sugar, corn syrup, and artificial 
sweeteners, are not considered significant honey substitutes be- 
cause of honey’s unique characteristics (color, flavor, viscosity, 
moisture retention capabilities, and marketing appeal). Recent pro- 
motional efforts by the National Honey Board have increased the 
attractiveness of honey and its use in food products. 
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nous variables are preceded by an asterisk. Pa- 
rameters indicating the proportion of each prod- 
uct produced by beekeepers specializing in honey 
production, bee production, or pollination ser- 
vices and parameters indicating the quantity of 
packages and queens purchased by each spe- 
cialty are derived from Reed and Horel. They 
are identified by a double asterisk. 

The data are calendar year values for the pe- 
riod 1952 to 1984. Data for 1985, 1986, and 
1987 are used for out-of-sample prediction tests. 
Data pertaining to bee colonies, honey quan- 
tities, and prices are U.S. values. Data pertain- 
ing to cost of production, prices and quantities 
of pollination services, packaged bees and queen 
bees are for California since U.S. values are not 
reported. Monetary values are deflated by the 
U.S. personal consumption expenditure defla- 
tor. Data pertaining to prices received by honey 
processors were available for only part of the 
period of analysis. Therefore, a somewhat longer 
series of retail prices was used as a proxy for 
the wholesale prices. Reporting of the retail price 
series was discontinued after 1979. Hence, the 
prices for 1980 to 1984 were estimated from 
historical retail-farm price margins (Willett, pp. 
135-37). 

The model was estimated by three-stage least 
squares (3SLS) except for equation (11.1), which 
involves a limited dependent variable. The ex- 
istence of a limited dependent variable within a 
set of simultaneous equations involves complex 
estimation procedures and restrictions (Ame- 
miya). To simplify the analysis, this equation 
was estimated by ordinary least squares with data 
for 1981 to 1984 because this is the period the 
support program essentially was effective. Sep- 
arate estimation of equation (11.1) may affect 
the efficiency of the estimates, but the loss likely 
is small compared with the gain in estimation 
simplicity.” 


Performance Characteristics 


All estimated coefficients have signs consistent 
with the theoretical specifications of the model. 
Most are large relative to their standard errors, 
as indicated by the f-statistics in parentheses. The 
Durbin-Watson or Durbin h-statistics for all 
equations either do not reveal autoregressive er- 


? Estimation of equation (11.1) by maximum likelihood Tobit for 
the period 1952-84 yields similar results. The ordinary least squares 
estimates based on 1981-84 data were used since they provide a 
closer fit for the period of policy analysis. 
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ror structures at the 5% significance level or are 
inconclusive. 

The ability of the model to provide reasona- 
bly close fits to the historical data used in the 
estimation was evaluated by static one-period- 
ahead predictions of the model’s endogenous 
variables. The predictions were made given the 
values of the exogenous variables, the carry-in 
stocks of honey and actual values of other pre- 
determined endogenous variables. Most average 
absolute prediction errors were within 10% of 
the mean values of the predicted variables. 

The stability of the nonlinear model was tested 
by holding the exogenous variables constant (at 
their 1984 values) and allowing the model to 
generate values of the endogenous variables over 
a future period. All variables approached sta- 
tionary equilibrium values by the fifteenth time 
period, suggesting the model is stable. 

To test for possible structural changes or 
specification errors, out-of-sample predictions 
were calculated for the period 1985, 1986, and 
1987, subject to the limitation of available data. 
The model’s predictions were obtained by in- 
serting observed values of right-side variables in 
each structural equation. When data were not 
available for some exogenous variables, they 
were assumed to remain at 1984 values. Actual 
colony levels for 1986 and 1987 were assumed 
to remain at 1985 levels because the colonies 
reported by the U.S. Department of Agriculture 
(USDA) decreased from 4,325,000 in 1985 to 
3,205,000 and 3,190,000 in 1986 and 1987, re- 
spectively. This unprecedented drop of 1 mil- 
lion colonies results from USDA’s elimination 
of reporting those colonies of beekeepers with 
fewer than five hives. 

In 1986, a lower loan repayment option al- 
lowed producers to repay their loans at a rate 
below the support rate. Hence, producers were 
encouraged to repay their loans and sell their 
honey on the market. Because of the change in 
the federal honey program in 1986, calculation 
of the variable reflecting adjustments to the honey 
support program (X) was no longer consistent 
with previous years. However, if this variable 
is set to zero, the model overpredicts several en- 
dogenous variables. Because of the continuing 
uncertainty about the existence of the honey 
support program, it seems reasonable to hold the 
variable X at its 1985 value for testing purposes. 

The model’s predictions, seen in table 3, are 
reasonably close to actual values and are within 
the 99% confidence interval suggested by the 
standard error of the regressions (identified by 
the S under each equation) for all but three vari- 
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ables.* The model underpredicts the production 
of honey (CHF) in 1987 by an amount incon- 
sistent with che values of the standard error. The 
1987 honey crop was large because of excellent 
weather conditions across the United States. In 
addition, it eppears that by 1987 the depressing 
effect of the uncertainty surrounding the support 
program wa: no longer as strong as it was in 
1985 and 1936. Elimination of the effect of the 
Support program in 1987 would mean an in- 
crease in the model’s prediction of honey pro- 
duction by 49 million pounds. With this alter- 
ation the actual level of production would be 
within the 99% confidence interval suggested by 
the standard error of the regression. 

The 1987 prediction of per capita honey im- 
ports (HMD -s also outside the confidence in- 
terval. Thus, -he federal honey support program 
did not appear to influence the quantity of honey 
imported in 1387 as the model suggests. Elim- 
ination of this effect (setting X = 0) means the 
model’s prediccions of per capita imports for 1987 
would be 0.250 pounds per person, clearly within 
the range of the confidence interval. 

Finally, the predictions of the per capita 
quantity of domestic honey marketed (QDHMM) 
were out of bounds in 1986. Processors did not 
increase their narketing of domestic honey as 
quickly as the model predicts. The model pre- 
dicts processors would market more of their 
honey and hold less in stocks than actually oc- 
curred. By 19%.7 the model’s predictions were 
closer to actual values. 


Interpretation and Policy Analysis 


Flexibilities and =lasticities, evaluated at the mean 
of the data set and at 1980 values, for the mod- 
el’s supply and demand relationships are pre- 
sented in table 4. The values for 1980 were cho- 
sen because thet 1s the most recent year the 
support program was not effective. The variable 
Eco1,,pHMaxp Tefers to colony response to the farm 
price of honey while Ecor,racmn refers to colony 
response to average profitability of all beekeep- 
ing products. Tre variable €or pumaxp 18 the 
conditional supply elasticity for honey given the 





4 Model predictions might be examined in relation to confidence 
intervals based on the equation’s standard error of the forecast rather 
than the standard error ~f the regression. In general, the standard 
forecast error will not be less than the standard error of the regres- 
sion. Because the standzrd errors of the forecast involve complex 
calculations and the pre-lictions for most variables fall within the 
reported confidence inte-vals, these standard errors were not cal- 
culated. 
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Table 3. Comparison of Actual and Predicted Values of Endogenous Variables in the Honey 


Industry Model 1985-87 


Year 

Colony, COL, 1985 
Equation (3.0) 1986 

S = 74.888 1987 
Honey supply, QHF 1985 
Equation (4.0) 1986 

S = 20.055 1987 
Pollination price, PPODe 1985 
Equation (6.0) 1986 

S = 0.314 1987 
Package price, PPKD- 1985 
Equation (7.0) 1986 

S = 0.214 1987 
Queen price, POND, 1985 
Equation (8.0) 1986 

S = 0.144 1987 
Package demand, OPKCOL 1985 
Equation (9.0) 1986 

S = 0.011 1987 
Queen demand, QQNCOL 1985 
Equation (10.0) 1986 

$ = 0.008 1987 
Allocation, AHC 1985 
Equation (11.0) 1986 

S = 0.080 1987 
Honey price, PHFD 1985 
Equation (12.0) 1986 

S = 0.011 1987 
Import demand, IHM 1985 
Equation (13.0) 1986 

S = 0.042 1987 
Wax price, PWXD 1985 
Equation (14.0) 1986 

S = 0.028 1987 
Honey marketed, Q(DHMM 1985 
Equation (16.0) 1986 

5 = 0.052 1987 
Honey processing price, PHRDF 1985 
Equation (17.0) 1986 

$ = 0.017 1987 


level of colonies and €gpzym.prrpr is the allo- 
cation elasticity for honey given the seasonal 
supply. The variables Sppodc.OP0¢ and 
JPONDc.OONc are the price flexibilities for polli- 
nation and queen pricing, respectively. Package 
price, eguation (7.0), is based on the honey price 
and has no flexibility. The demand elasticity for 
imported honey (€m pump) iS elastic while the 
demand elasticities for packages (EppPKCOL.PPKDo) 
and queens (€gọncoL Ponpe) are inelastic. The 
flexibilities for wax price (/pwxp.owxm), domestic 
honey producer price (fpyrp.onem) and processor 
price C/pyepr.pum) are low. 

An important problem in estimating the model 
was accounting for difficult-to-measure shifts in 
levels of some of the model equations, partly 


Actual Predicted Difference 
(A) (P) (A-P) 
4325.0 4266.1 58.9 
4325.0 4303.1 21.9 
4325.0 4306.9 18.1 
150.1 152.3 -2.2 
200.4 151.3 49.1 
226.8 145.5 81.3 
8.676 8.683 0.007 
8.292 8.461 ~0.169 
8.183 8.072 0.110 
2.554 2:233 0.320 
2.057 2.068 —0.010 
1.970 2.173 —0.203 
2.151 2.319 —0.168 
2.145 1.890 0.255 
2.016 1.842 0.174 
0.119 0.120 ~0.001 
0.114 0.130 —0.016 
0.128 0.125 0.003 
0.111 0.118 —0.007 
0.111 0.116 ~0.005 
0.121 0.110 0.011 
0.653 0.764 ~O0.111 
0.208 0.224 ~0.016 
0.208 0.224 —~Q.017 
0.198 0.189 0.009 
0.210 0.189 0.020 
0.197 0.190 0.007 
0.578 0.606 ~0.029 
0.490 0.454 0.036 
0.239 0.401 ~0.162 
0.484 0.461 0.023 
0.383 0.439 —0.056 
0.420 0.416 0.004 
0.082 0.152 ~0.070 
0.349 0.744 —0.396 
0.999 1.067 —~0.068 
0.403 0.398 0.005 
0.415 0.379 0.036 
0.402 0.350 0.052 


because of honey price supports and partly be- 
cause of other structural shifts. With regard to 
the latter, the price of pollination services, 
equation (6.0), decreased over the period of the 
analysis at the rate of 0.191 cents per year. The 
data suggest that package bee demand, equation 
(9.0), shifted upward in 1965 although the rea- 
sons are not entirely clear. The demand for 
queens, equation (10.0), has shown a general 
upward trend due to changes in production prac- 
tices. The demands for honey, equations (12.0), 
(13.0), and (17.0), shifted in a complex man- 
ner. The demand for processed honey shifted 
upward about 1973 (consistent with the general 
structural change for a number of agricultural 
commodities), but demand trended down fol- 


52 February 199] 


| Table 4. Price Elasticities and Flexibilities 


_ Elasticity / Evaluated at Evaluated at 
Flexibility the Mean 1980 Values 
Colony 

ECOLIPHMAXD (short run) 0.024 0.023 
(long run) 0.242 0.237 
ECOL FACMT2 (short run) 0.059 0.067 
(long run) 0.610 0.687 
Supply 
EQHF,PHMAXD 0.193 0.182 
Srronc.epoc (short run) 0.410 0.621 
(long run) 0.710 1.182 
Sronnc.cone 0.111 0.182 
EQDHMM PHROF 0.447 0.575 
Demand 
Srwxp,owx —Q.164 —0.099 
€oPKCOL,°PKDC —0.517 —0.380 
EQQONCOL,PONDC —0.580 —0.368 
ÍPHFD.QHPM —0.021 —0.012 
EHM ,PHID —2.246 —1.831 
ÍPHRDF DEM —0.121 -0.085 


lowing 1973. The negative trend effects in the 
demand for processed honey likely are absorbed 
in the coefficients for ICHPD and PHID in the 
processor raw honey and import demand equa- 
tions, equations (12.0) and (13.0), respectively. 
The significance of variable X in several 
equations suggests that when the price support 
for honey exceeded the market price it had a 
significant impact on several sectors of the honey 
industry. No direct effect on the number of col- 
onies maintained by beekeepers was evident; but, 
when the support program was effective, a de- 
crease in beekeepers’ supply of honey was re- 
flected by a shift in beekeepers’ specializations 
among honey, pollination, and packages. The 
demand for packages and queens all appeared to 
decrease when the support program was effec- 
tive. The demand for wax and domestic honey 
decreased as imported products became more at- 
tractive. In addition, the demand for processed 
honey declined due to free CCC disbursements. 
Apparently, consumers substituted CCC dis- 
bursements for market priced honey. The de- 
mand for imported honey increased as proces- 
sors chose not to rely on the uncertain domestic 
supply. The available supply of processed honey _ 
marketed in the current year fell because of the 
increased uncertainty about market conditions. 
Hence, the model shows that the federal honey 
support program caused a substitution of im- 
ported honey for domestic honey and shifted large 


quantities of honey to the CCC. 
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Table 5 captures actual and predicted values 
of the key endogenous variables of the model 
for the period 1982—85 assuming the price sup- 
port had concinued below the market price, i.e., 
X = 0. The years 1986-87 were omitted be- 
cause of the change of the federal support pro- 
gram. The p-edictions were made with the es- 
timated distu-bance terms entered as exogenous 
variables. It seems reasonable that the random 
factors captu-ed by the disturbance would not 
change under alternative scenarios. Since add- 
ing the disturdance term gives the exact predic- 
tion for the historical model when X is included, 
the model predictions with X equal zero are 
compared wita actual values rather than deter- 
ministic predictions. 

Without an effective support program the 
market price for honey (PHFD) increased. Yet, 
this price is still less than the support price bee- 
keepers were receiving under the federal pro- 
gram. In respomse to the price change, the level 
of colonies (CCL, decreases slightly and the price 
of pollination ssrvices (PPOD,) falls. The prices 
of package bzes (PPKD,) and queen bees 
(PQOND-) increase, eventually increasing the 
profitability of -hese beekeeping specializations. 
In response to Higher prices and profitability and 
less uncertainty about the support program, bee- 
keepers use their colonies more intensely and 
increase their honey production (QHF) and the 
quantity of quezns and package bees produced 
per colony (QQNCOL, QPKCOL). More do- 
mestic honey is sent to the processor and the 
quantity of honey imported (HM) decreases. As 
less honey is forfeited to the CCC, free dis- 
bursements are mot made. The demand for pro- 
cessed honey shifts and the price of honey re- 
ceived by processors (PHRDF) increases. 
Processors market a larger quantity of domestic 
honey (Q@DHMM). 

Without the support program the predicted 
revenue received by beekeepers for their five 
products decreased slightly during 1982 through 
1984 as seen in table 5. However, in 1985 bee- 
keeper revenue is $5 million more without an 
effective support program. Free disbursements 
by the CCC decreases. Hence, consumer €x- 
penditures for processed honey increase because 
of higher prices end increased per capita con- 
sumption of domestic honey. When the support 
program is not effective, the federal government 
has a potential savings of $246 million from 1982 
through 1985 (Hoff and Phillips). A comparison 
of the beekeeper revenue, higher consumer ex- 
penditures, and savings to the federal govern- 
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Table 5. Comparison of Actual and Predicted Values (Including Disturbances) of Endog- 
enous Variables with and without the Support Program 1982-85 





Support No Support Difference 
Year (S) (NS) (S-NS) 
Colony, COL, 1982 4250.0 4250.0 0.0 
Equation (3.0) 1983 4275.0 4272.0 3.0 
1984 4300.0 4291.0 9.0 
1985 4325.0 4307.8 17.2 
Honey supply, QHF 1982 230.0 230.4 —0.4 
Equation (4.0) 1983 205.0 217.0 —12.0 
1984 165.1 187.8 =La 
1985 150.1 186.4 —36.3 
Pollination price, PPODec 1982 9.285 9.285 0.000 
Equation (6.0) 1983 8.843 8.774 0.069 
1984 8.683 8.592 0.091 
1985 8.686 8.507 0.179 
Package price, PPKDec 1982 2.929 2.929 0.000 
Equation (7.0) 1983 2.580 2.587 —0.007 
1984 2.404 2.505 —0.101 
1985 2.554 2.790 —0,236 
Queen price, POND; 1982 2.499 l 2.504 —0.005 
Equation (8.0) 1983 2.414 2.423 —0.009 
1984 2.311 2.421 —0.110 
1985 2.151 2.370 —0.219 
Package demand, QPKCOL 1982 0.172 0.177 —0.005 
Equation (9.0) 1983 0.169 0.179 —0.010 
1984 0.145 0.175 —0.030 
1985 0.119 0.154 —0.035 
Queen demand, QQNCOL 1982 0.132 0.134 . —0.002 
Equation (10.0) 1983 0.128 0.129 —0.001 
1984 0.123 0.131 —0.008 
1985 0.111 0.116 —0.005 
Allocation, AHC 1982 0.324 0.000 0.324 
Equation (11.0) 1983 0.519 0.000 0.519 
1984 0.641 0.000 0.641 
1985 0.653 0.000 0.653 
Honey price, PHFD 1982 0.265 0.266 —0.001 
Equation (12.0) 1983 0.244 0.255 —0.011 
1984 0.216 0.241 —0.025 
1985 0.198 0.240 —0.042 
Import demand, IHM 1982 0.396 0.331 0.065 
Equation (13.0) 1983 0.468 0.356 0.112 
1984 0.543 0.348 0.195 
1985 0.578 0.337 0.241 
Wax price, PWXD 1982 0.772 0.779 —0.007 
Equation (14.0) 1983 0.605 0.632 —0.027 
1984 0.563 0.620 —0.057 
1985 0.484 0.568 —0.084 
Honey marketed, Q(DHMM 1982 0.568 0.853 —0.285 
Equation (16.0) 1983 0.435 0.878 —0.443 
1984 0.138 0.804 —0.666 
1985 0.082 0.836 —0.754 
Honey processing price, PHRDF 1982 0.470 0.464 0.006 
Equation (17.0) 1983 0.449 0.451 —0.002 
1984 0.421 0.434 ~0.013 
1985 0.403 0.433 —0.030 
Beekeeper revenue 1982 83.8 80.3 3.5 
Million $ 1983 74.3 72.7 1.7 
1984 63.9 63.1 0.8 
1985 57.8 62.9 5.2 
Government payments 1982 27.4 0.0 27.4 
Million $ 1983 48.0 0.0 48.0 
1984 90.2 0.0 90.2 
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ment suggests the honey support program was 
an ineffective means of supporting honey prices 
during the period of analysis. 


[Received February 1988; final revision 
received March 1990.] 
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-Put-Call Parity and Arbitrage 
Bounds for Options on Grain 


Futures 


William W. Wilson and Hung-Gay Fung 


Many arbitrage opportunities have become available for market participants since the 
inception of trading in options. Central to many of these is the put-call parity 
relationship. If this condition is violated, arbitrage profits could be earned. This paper 
examines arbitrage possibilities between put and call options on grain futures using two 
different tests. One is a test of market efficiency over the duration of trading, and the 
other evaluates arbitrage bounds on individual trading days. In general, the results 
suggest that the options markets on grain futures are not completely efficient. However, 
violations varied substantially across contracts and through time. 


Key words: arbitrage, market efficiency, options, put-call parity. 


Since the inception of options trading on agri- 
cultural futures contracts in late 1984 and early 
1985, many speculative, hedging, and arbitrage 
opportunities have become available for market 
participants. Numerous potential arbitrage op- 
portunities entail simultaneously held long or 
short positions in puts and calls as well as the 
underlying futures. Central to the option market 
is a deterministic relationship between put and 
call premiums on the same underlying futures 
contract. This relationship exists because the put, 
call, and the underlying futures contracts form 
a portfolio wherein any two of the three instru- 
ments can be combined and financed with a 
riskless bond to replicate the return of the third 
instrument regardless of the investor’s prefer- 
ences. This relationship is called put-call parity. 
If the actual premium deviates from the parity 
price, arbitrage (riskless) profits can be earned. 

The original model of put-call parity on stock 
options was developed by Stoll and later ex- 
tended by Merton. The model was tested em- 
pirically by Klemkosky and Resmick. Option 
pricing models can be specified for either puts 
or calls individually. Alternatively, the value of 
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one type of option (€.g., put) can be deduced 
from the option pricing model for the other type 
of option (e.g., call) through put-call parity. The 
put-call parity relationship binds these markets 
together. 

The most common pricing model for options 
on commodities is the closed form model de- 
veloped by Black. This model relates the fair 
market value of the option premium to five in- 
puts: interest rate, time-to-maturity of the op- 
tion, underlying futures and exercise price, and 
standard deviation of the futures price. The 
standard deviation, which is implied in an op- 
tion premium, can be obtained by equating the 
observed option premium and the other four 
model inputs using an iterative solution tech- 
nique.’ If the market is efficient (Fama), the op- 
tion value should reflect all available informa- 
tion regarding the option and its underlying 
security. Therefore, participants in efficient 
markets are not able to trade options or a port- 
folio of the option with its underlying security 
to earn riskless profits. If the option model is 
correct and the market is efficient, the implied 
standard deviations (SD) derived from puts and 
calls should be equal and should reflect expec- 
tations of the volatility of futures returns over 
the ensuing time period to maturity. 


' Plato (1983, 1985) and others have demonstrated that the in- 
terest rate forecast has little impact on the premium. Thus, we treat 
the observed treasury bill rate as a given parameter in this study 
similar to other studies (Wilson, Fung, and Ricks). 
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The purpose of this study is to examine ar- 
bitrage possibilities between put and call options 
on grain futures using two different, yet com- 
plementary, tests. In the first test, market effi- 
ciency is evaluated using the put-call parity cri- 
terion over the duration of trading. If the options 
markets are efficient and if the model used is 
appropriate, the ZSD for puts and calls should 
be equal. If they are not equal, either the option 
model used may be inappropriate or market ef- 
ficiency may be questioned. Although many 
studies use [SDs derived from option pricing 
models, the appropriateness of the pricing model 
cannot be completely resolved using this method. 
In the second part of the paper we examine mar- 
ket efficiency using a test of violation of arbi- 
trage bounds (1.e., put-call parity). If violations 
of these conditions are observed, riskless profits 
or market inefficiency can be inferred. 


An Ex Ante Volatility Test of Market 
Efficiency 


Put-call parity is evaluated in this section over 
the duration of trading. ISDs are calculated for 
each strike price and combined using a weight- 
ing function. Alternative weighting schemes are 
presented first, followed by presentation of the 
data used and empirical results. 


Weighting Schemes and the Option Pricing 
Model 


The option pricing model used in this study is 
based on Black. The call premium, c, can be 
expressed as 


(1) c = [FN(d,) — XN(d) je, 
where 


pe COL C CEN a 


aV (t — t*) 
d, = d — oV (t — t*); 


F is the underlying futures price, X is the strike 
(exercise) price, r is the riskless interest rate, (¢ 
— f*) is the time-to-maturity, o° is the variance 
of the futures returns, and N( ) is the cumula- 
tive normal density function. The value of the 
put option is linked to that of the call option 
through put-call parity (Asay and Wolf). This 
relation can be expressed as 


(2) c-—p=(F —- Xe rit — f*). 
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From the above equation, the put premium (p) 
is simplified as 


(3) p = [XN(~d,) — FN(—d,)Je". 


Examination of the call premium [equation (1)] 
and put premium [equation (3)], demonstrates 
that both pricing equations require the same in- 
puts. 

Given the four model inputs and the market 
premium for each (call or put) from equations 
(1) and (3), the JSD in each trading instrument 
can be estimated. These /SDs represent esti- 
mates of the ex ante volatility of the futures price. 
Consequently, a separate estimator for ISD can 
be derived for each strike price for each put and 
call on every trading day. When the /SDs from 
individual strike prices are computed using daily 
closing option and futures prices, a nonsyn- 
chronous measurement bias may occur in the 
point estimates used to test the null hypothesis. 

To minimize this bias, Cox and Rubenstein 
suggest using a weighted JSD, which combines 
ISDs from different strike prices. A number of 
different weighting schemes are utilized in this 
study to confirm the robustness of the conclu- 
sions. For each day (f) a weighted average of 
the ZSD is derived from a portfolio comprised 
of call options (5D) with different strike prices. 
Similarly, for each day a weighted average of 
the /SDs is derived from a portfolio comprised 
of put options (/SD%) with different strike prices. 
The purpose is to test for put-call parity over the 
duration of the study period by examining 
whether the weighted JSD for calls (WISD‘) is 
equal to the weighted JSD for puts (WISD?). 

Given the option premiums and other model 
inputs, JSDs can be computed from equations 
(1) and (3) for each strike price for both puts 
and calls using an iterative procedure. Thus, a 
weighted ZSD for the option traded at time ¢ can 
be calculated as follows: 


N 

(4) WISD! = >) WiISD%, 
j=i 
M 

(5) WISD? = >) WRISDK, 


j=! 


where WISD; (WISD?) is the weighted JSD for 
cali (put) at time t; N(M) is the number of strikes 
traded for calls (puts) at time t; ISD USD‘) is 
the implied standard deviation for a call (put) 
derived for strike price j; and W,, is the weight- 
ing function used to combine the JSDs derived 
from the different strike prices. 
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The simplest weighting function applies equal 
weights to the JSD derived from each strike price 
for individual puts and calls. The equally 
weighted JSD can be expressed as W; = 1/N 
and Wi, = 1/M. Schmalensee and Trippi argue 
that results using equal weights are similar to 
other methods.: A number of studies (e.g., Ball 
and Torous, Beckers, Ramaswamy and Sunda- 
resan, Shastri and Tandon) have concluded that 
the estimate of ex ante volatility derived from 
the at-the-money option (ATM) are appropriate. 
In this scheme, the ZSD for the strike price which 
is closest to the money is assumed to represent 
the ex ante volatility. This scheme has its own 
appeal because most trading takes place in at- 
the-money options. However, some useful in- 
formation may be neglected in this weighting 
scheme because options other than those closest 
to the money are ignored. 

Chiras and Manaster suggest using the fol- 
lowing weights to combine [SDs derived from 
different strike prices: 

=) 


/ È @ejarso (2 





(6) W; = (dc/ asp 





eN} 





ISD; 
(7) Wa = (ap/alSD;)\ — P 
. ISD, 
>, (6p /dISD) ; 
j=l P 
where 
a [—(rT + d?/2)], and 
IDo Oe Y Hyan 
aim aS T + di/2 
Sen F ~~ exp[—r i/2)], 


where T is (t — f*), time to maturity. 

The logic of the above weighting function is 
that the option with the largest price elasticity 
yields the most accurate estimate for futures price 
volatility; therefore, it is assigned the greatest 
weight. Other options are included in the av- 
erage, but the weights are proportional to elas- 
ticity. Chiras suggested that weights in propor- 
tion to the price sensitivity yield the best estimate 


? Derivation of dc/aSD is available from the authors upon re- 


quest. 
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for futures price variation. Thus, the Chiras 
weighting function is 


N 
(8) W= (¢/at80)) X aeparso;|, 
j=l 


M 
(9) W= @p/ats09| X apais, |, 
j=l 


where dc/dISD; and dp/dISD; are as defined 
above. 

The Chiras and Manaster method differs from 
the Chiras method in that the former incorpo- 
rates the elasticity of future volatility, while the 
latter only adjusts for the price sensitivity of the 
volatility. Both of these methods are more com- 
plex than the equal or ATM schemes derived 
above. 

Beckers suggests a weighting scheme ob- 
tained by minimizing a quadratic function for 
puts and calls, i.e., 


N 

(10)  f UISD) = >) WG- BCY, 
j=l 
N 

(11) f?USD) = >) Wp — BPF, 


j=l 


where BC(BP) is the Black model call (put) pre- 
mium using /SD as an input, and c(p) is the ac- 
tual market call (put) premium. The weighting 
functions corresponding to Beckers’ formula- 
tion are 


= (dc/aISD)) i 2 se/a1SD | and 
j=l 
= (p/alSD)) / È ip ats, 


j=l 


In Beckers’ method, selection of JSD is differ- 
ent from the other weighting schemes. Given an 
arbitrary futures volatility and other model in- 
puts, Black call (BC) and put (BP) premiums 
can be computed using equations (1) and (3). 
Other values can be computed using alternative 
futures volatility. Using these values, the qua- 
dratic function in equations (10) and (11) can be 
derived. In Beckers’ method the ZSD is selected 
that minimizes the quadratic function of the dif- 
ference between market premiums and its the- 
oretic value is selected. 

The simplest weighting schemes either apply 
equal weight to the SDs derived for each option 
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or use the ZSD derived in the ATM option. The 
other weighting schemes (Chiras, Chiras and 
Manaster, Beckers) were designed to give more 
weight to options whose premium should theo- 
retically be more sensitive to volatility. As a re- 
sult, options that are far into- and out-of-the 
money are given the smaller weight. The equal 
weight scheme assumes that each option is 
equally important in determining the volatility, 
and the at-the-money scheme assumes that op- 
tions other than at-the-money have too much 
noise to be useful and therefore are given no 
weight. 

For each weighting scheme, we define e, = 
WISD; — WISD,, where t = 1, ..., n. If €, are 
independently identically. distributed random 
variables with a mean and variance, then the null 
hypothesis that H,: € = 0 can be tested where 
€ = 2/~1€,/n. The testing procedure can be per- 
formed by invoking the central limit theorem, 
with the required t-statistic defined as 


€; 
S/n 


where S, is the. sample estimate of standard de- 
viation of €, and n is the sample size.” When the 
null hypothesis is rejected, we can infer that the 
option market is not efficient. The maintained 
hypothesis is that the option model used is ap- 
propriate. Violation of this parity condition im- 
plies the market forecast of volatility for calls 
differs from that for puts meaning that market 
participants would have different forecasts of the 
same underlying futures price volatility. 





(12) t= 


Data and Scope of Analysis 


Options on selected agricultural futures com- 
menced trading in late 1984. By late 1985 op- 
tions were being traded on most agricultural fu- 
tures. For this study four commodities traded at 
three different exchanges were selected. These 
commodities include corn and soybeans at the 
Chicago Board of Trade (CBT) and wheat at the 
Minneapolis Grain Exchange (MGE) and the 
Kansas City Board of Trade (KCBT). For each 
commodity one month was chosen that was con- 
sistent with the new crop of the commodity. A 
single contract month was analyzed (rather than 
aggregating across contract months) because the 
nature and extent of informational flows and 
volatility differ depending on contract month. 


3 This testing procedure has been used recently by Johnson. 
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Use of options in new-crop months requires 
traders to forecast volatilities throughout the in- 
formational stages of the production cycle. 

Daily cbsecvations were used, and all of the 
strike prices waded during the time period were 
included in tke analysis. Strike prices on indi- 
vidual davs ia which volume was nil were not 
included in the analysis. The data commenced 
from about twelve months prior to expiration in 
the case of the CBT contracts, from January of 
each year in tie case of wheat. The time frame 
for the latter was slightly shortened because of 
limited trade m earlier months. 

Settlement prices for futures and options were 
taken from the annual reports of the individual 
exchanges. The risk-free interest rate was taken 
from U.S. Treasury bill quotations in the Wall 
Street Journal, Treasury bills were chosen to 
coincide with -he period concurrent with expi- 
ration of each option contract (1.e., June, Au- 
gust, October, and November), and converted 
to an annualized rate, r, for use in the Black 
model as r = “10,000/TB)“""™ — 1, where 
TB is the market price of the treasury bill. 

For each strike price, the JSD was derived for 
puts and calls using an iterative solution to the 
Black pricing model with convergence criterion 
at +0.005. Given the derived JSDs for each strike 
price, alternative weighting schemes were used 
to compute an estimate of the ex ante market 
volatility on each day for both puts and calls. 
The weights and summation for different 
weighting schemes were derived across all strike 
prices with nonzero volumes of trade on each 
day. 

Derivation of the ex ante volatility using 
Beckers’ weight-ng scheme was more complex. 
For each strike, the Black price was calculated 
assuming alternacive values of JSD ranging from 
.07 to .90 by .015. From the Black pricing 
equation, for exemple, an option premium was 
derived for each of the iterated values of JSD. 
These f° and j?” were evaluated across the al- 
ternative values of ISD, and the one that mini- 
mized f° and f?” was selected as the measure of 
the ex ante volatility. 

The data used m the analysis are described in 
table 1. Several points of interest arise in com- 
paring volume of rade figures across options and 
strike prices. First, the distribution of trading 
across strikes differs for puts and calls. For some 
options, such as :987 call in corn, the greatest 
volume is at the middle strike price, and dimin- 
ishes for farther in-the-money or out-of-money 
strikes. For other options, the distribution of trade 
strikes is more speradic. These results illustrate 
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Table 1. 


Strike 


Put 


Strike 


Put 


Call Put 


Strike 


32 
14 
87 
52 
6 
28 
219 
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n p e e t oe 


Total 
Number of 


161 
1/2/87 


114 
1/6/86 


112 
1/2/87 


113 
1/2/86 


246 
10/15/86 


247 
10/15/86 


12/1/86 


246 


244 
11/12/85 


trading days 
Beginning date 


* Dash indicates not included in analysis. 
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that the larger in-the- -money options | have lower 
trading volume than other options. * A second 
observation is that in corn and soybeans volume 
is very unbalanced; the volume in one type of 
option is substantially greater than the other. As 
an example, trade in 1986 soybeans calls was 
two and one-half times that of puts. On the other 
hand, trading volume was more balanced in the 
wheat contracts. 


Results 


The average [SDs for the individual strike prices 
at each market are presented in table 2. The t- 
statistic is a test of the null hypothesis that 
ISD? and ISD; are equal for that particular strike 
price. In some cases the number of observations 
was insufficient to conduct the test. The results 
indicate that the JSDs vary substantially across 
strike prices. For example, in 1986 corn the 
ISD? with strikes less than 180, exceeded the 
corresponding ISD; (i.e., ISD} > ISD; for j < 
180) while ZSD? with strikes” greater than 180 
ISD? was less “than the ISD; (i.e., ISDẸ < 
ISD? for j > 180). These results suggest that calls 
were overvalued (undervalued) relative to puts 
for higher (lower) strike prices. This phenom- 
enon is not apparent in any of the other con- 
tracts. The results for soybeans indicate that [SDs 
for the put and call in 1986 and 1987 are sig- 
nificantly different from each other. 
Comparison of the individual JSDs for the 1986 
wheat contracts (KCBT and MGE) suggests that 
the JSD; are all greater than the JSD? for all 
strikes. This result suggests that puts were un- 
dervalued relative to calls during this period. 
However, for KCBT wheat in 1987 the differ- 
ence suggests that the puts were overvalued rel- 
ative to calls (i.e., ISD? > ISD). These results 
suggest that the extent or nature of arbitrage op- 
portunities may differ substantially in different 
time periods. In addition, the t-statistic suggests 
that the 7SDs for puts and calls are significantly 
different in numerous cases. Of the fifty-seven 
strikes in table 2 where comparison can be made, 
thirty-two have [SDs for puts and calls that are 
significantly different indicating violation of the 


* Though day-to-day comparisons are necessary to draw this con- 
clusion, it is also reflected in the data in table 1. The reason is 
likely because options do not have a futures-style margining mech- 
anism. Market makers would routinely offer to buy (Sell) in-the- 
money options at prices less (greater) than the intrinsic value. Prices 
at which these trades occur would be reflected in the settlement 
price depending on when the trade occurs and the settlement rules 
of the respective exchanges. 
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put-call parity condition. Of the significant 
comparisons, the ISD? exceeded the JSD; in 
eighteen cases, although the extent of the dif- 
ference varied across contracts. 

The robustness of conclusions on market ef- 
ficiency is limited when comparing /SDs for in- 
dividual strike prices. Significant differences may 
be found between JSDs with some strikes but 
not with others. Consequently, alternative 
weighting functions were used for deriving 
weighted JSDs for puts and calls derived from 
individual strikes. In addition, the /SDs for the 
strike price closest to the money (ATM) should 
incorporate more information than other op- 
tions. | 

ISDs based on these different weighting func- 
tions are shown in table 3 for each of the con- 
tracts. The null hypothesis.is that the ex ante put 
and call volatilities are equal. Results of differ- 
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ent weighting schemes indicate that there ap- 


pears to be a greater incidence of violation of | 


the put-call parity condition for 1987 than 1986. 
The frequency of null hypothesis rejection is 
similar for corn and soybeans in 1986 and 1987. 
When different contracts are compared, the evi- 
dence does not suggest that any one commodity 
has a greater frequency of efficiency than the 
others. The frequency of violations in put-call 
parity is comparable across contracts. In gen- 
eral, the null hypothesis of put-call parity is re- 
jected. With the exception of KCBT wheat, the 
results indicate there is minimal difference be- 
tween /SDs derived from puts and calls using 
the ATM weighting function. This result is con- 
sistent with the hypothesis that ATM options re- 
flect more information (e.g., Beckers, Shastri 
and Tandon) than other studies. 

Comparisons across weighting functions are 





Table 3. ISD’s Derived Using Alternative Weighting Schemes 
Alternative Weights 
ATM Equal Chiras & Manaster Chiras Beckers 
CBT Corn 
December 1986 
Put .226 228 227 2223 .144 
Call .228 .217 .239 .224 .439 
t —2.27* 3.94* 6.68* 1.38 16.32* 
December 1987 
Put .232 .237 .237 24] 154 
Call .233 .239 .250 .238 584 
f —1.03 1.65* 7.73* —2,33* 35.25* 
CBT Soybeans 
November 1986 
Put 171 171 .173 173 .100 
Call .173 .206 223 .193 .369 
t 1.25 17.37* 26.03* 22.13* 23.08* 
November 1987 
Put .180 .183 .179 .183 133 
Call .184 .195 .215 -193 .503 
t 0.88 8.86* 19.99% 10.88* 27.76* 
KCBT Wheat 
July 1986 
Put 228 211 218 216 .327 
Call 214 216 219 214 136 
t —2.91* —0.30 — 1.00 —1.55 8.30* 
Juiy 1987 
Put .192 .193 .196 .194 132 
Call .181 .178 .181 .179 .320 
t —5,73* —3.69* —-5.02* ~4 89% 8.19* 
MGE Wheat 
September 1986 
Put .220 212 217 .216 .182 
Call 213 .233 233 233 214 
t —0.69 1.91* 1.59 1.81* 1.99* 
September 1987 
Put .172 .182 .183 .174 .175 
Call . .187 .224 .224 224 225 
t —0.18 3.58* 3.63* 4.53* 1.74* 





Note: t is test statistic (¢) for difference between means; asterisk indicates significance at the 10% level. 
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shown in table 4. These comparisons indicate 
whether different weighting schemes yield dif- 
ferent 1SDs. Despite the criticism that equal 
weighting schemes give arbitrary weight, the 
equal weighting function results in ex ante es- 
timates of volatility that are not significantly 
different from the others. In fact, Beckers’ is the 
only weighting scheme significantly different 
from the others. In the 1986 soybean contract, 
for example, the JSD’ is about .17 for each of 
the weighting schemes, whereas that for Beck- 
ers’ is .10; the ZSD" ranges from .17 to .22 but 
is .37 using Beckers’. Similar differences exist 
in the other contracts except, perhaps, MGE 
wheat. For calls, the JSD° using ATM was less 
than [SD* using the other weighting functions 
except in 1986-corn. In the wheat market, the 
ISD” using ATM exceeded the ZSD" of the other 
schemes. i 


Arbitrage Bound Test of Market Efficiency 


Market efficiency is evaluated in this section us- 
ing a test of violation of arbitrage bounds, 1.e., 
put-call parity. Arbitrage bounds are developed 
first followed by a presentation of results. 


Arbitrage Conditions 


In the previous section, a number of different 
weighting schemes were examined to test mar- 
ket efficiency using the put-call parity condition 
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over the entire duration of trading of a particular 
expiration month. These ex ante tests represent 
a test of necessary conditions for market effi- 
ciency on options. In this section, a test of ar- 
bitrage bounds is conducted for individual trad- 
ing days as opposed to the duration of trading. 
If the options violate the arbitrage bounds, mar- 
ket inefficiency can be claimed. Transaction costs 
are also incorporated in the analysis as a more 
robust test of market efficiency. 

Several earlier studies (Ball and Torous, Bod- 
urtha and Courtadon, Ramaswamy and Sunda- 
resan, Ogden and Tucker) have evaluated arbi- 
trage conditions as tests of market efficiency. In 
this study, similar procedures are adopted in 
testing the options markets for grains. Because 
arbitrage conditions are applicable to American 
options, issues associated with the choice of op- 
tion pricing model (i.e., ùsing the European 
model to price American options) are irrelevant 
when boundary conditions are used as a test of 
put-call parity and efficiency. Further, the con- 
stant interest rate assumption used in the Black 
model can also be relaxed. 

The arbitrage conditions for options on fu- 
tures contracts have been derived in previous 
studies (e.g., Ramaswamy and Sundresan, Ball 
and Torous). The assumptions made are the fol- 
lowing: (a) investors are price-takers in friction- 
less markets; (b) they prefer more wealth to less; 
and (c) a market exists for pure discount bonds 
of every maturity. No assumptions on the sto- 
chastic process of options or their underlying as- 


Table 4. Tests of Differences across Weighting Schemes 





Equal 
CBT Corn 
December 1986 Puts 3.64* 
Calls 7.45* 
December 1987 Puts 0.39 
Calls 9.25* 
CBT Soybeans 
Novembz2r 1986 Puts 1.45 
Calls 18.32* 
November 1987 Puts 2.39* 
Calls 12.32* 
KCBT Wheat 
July 1985 Puts 3.01* 
Calls 2.74* 
July 1987 Puts 1.58 
Calls 1.52 
MGE Wheat 
September 1986 Puts 2.11" 
Calls 1.39 
September 1987 Puts 0.17 
Calls 0.48 


ATM Chiras Beckers 
4.31* 2.177 11.57* 
10.39% 8.20% 13.85* 
3.02% 2.05* 10.67* 
10.93* 10,94* 27 .37* 
2.43% 0.36 18.84* 
26. 18* 13;52* 14.11* 
0.10 4.81% 5.97* 
17.62* 15.04* 21.36* 
0.20 1.65 7.24* 
3.97* 3,07* | 5.94* 
1.47 1.13 5.88* 
3.69* 1.83 8.64* 
2.23 2.20* 2.87* 
1.70 1.48 1.78* 
1.26 2.52" 1.07 
0.75 0.04 0.15 


Note: Test is Zor significance in the difference between the weighting scheme shown and that of Chiras and Manaster. The t-ratio between 
the Chiras and Manaster and the respective weighting scheme is shown, and * indicates significance at the 5% level. Signs not shown. 
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sets (futures or forward contracts) are utilized. 
Most of the arbitrage conditions are similar to 
those for options on common stocks (Merton). 
The arbitrage conditions are presented below. 


Arbitrage conditions for call options. The 
lower bound for the American call is 


(13) Ct, 7) = max(O, F(t, t*) — X], 
and the upper bound for American call is 
(14) C(t, 7) = F(t, *), 


where F is the underlying futures price at time 
t, maturing at ¢*; and C is the American option 
expiring at time f*, and £ < T S ?*. 


Arbitrage conditions for put options. The up- 
per-bound condition for the American put is 


(15) X = P(t, 7), 
and the lower bound for American put is 
(16) Pt, 7) = max[0, X — F(t, t*)], 


where P is the American put price. These ar- 
bitrage bounds are valid for (a) any future price 
distribution and (b) nonstochastic as well as sto- 
chastic interest rates. 


Parity conditions. The upper parity condition 
for the put-call relation is 


(17) Ct, D= P(t, D + FC, t*) -— Xe, 


where r is the return on the riskless bond ma- 
turing at time r*. This condition is valid regard- 
less of the future price dynamics and interest rate 
assumption. The lower parity condition can be 
expressed as 


(18) Ct, r*) = P(t, D + F(t, ®e 7 — X. 


This condition requires a nonstochastic interest 
rate. 


. Empirical Analysis and Results 


The analysis of arbitrage conditions was con- 
ducted on the same contracts and strike prices 
described above; however, evaluation of some 
- of the conditions required matching data on each 
particular trading day. Throughout the time se- 
ries, the volume of trade in either puts or calls, 
or both, was zero on a number of days. The 
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evaluation could not be conducted for those days. 
Thus, the number of trading days in which the 
violations could be evaluated varied across strike 
prices and conditions. 

In order to profit from a violation of one of 
the bounds, a trader would take simultaneous 
positions and would incur transaction costs. The 
transaction costs are the same as used by Ball 
and Torous and by Ogden and Tucker on a per 
contract basis. Adjusting the contract transac- 
tion cost by contract size resulted in a round- 
turn cost of 0.0348¢ per bushel, which was ap- 
propriately added or subtracted from the left-hand 
side of the boundary condition. As an example, 
to profit from violation of the lower call bound- 
ary condition would require taking a long po-- 
sition in the underpriced call, exercising it im- 
mediately, and selling the acquired futures. In 
this transaction, a round trip would be incurred 
in futures and a one-way trade in calls for a total 
of .0348¢ per bushel. To profit from violation 
of one of the put-call parity conditions would 
require simultaneous positions in (a) writing the 
overvalued put, (b) buying the undervalued call, 
(c) borrowing Fe”, and (d) lending X at the 
interest rate r for time rT.” 

In each case the percentage of trading days in 
which violations were incurred and the number 
of active trading days over which the conditions 
were calculated. Results for corn are shown in 
table 5.° As an example, the 200 strike price for 
1986 corn had 193 days in which condition 3 
could be evaluated. Of those, there were vio- 
lations of the condition on 9% of the trading days. 

As expected there were no violations of the 
upper call boundary (condition 2). However, the 
lower call boundary (condition 1) was violated 
to some extent in nearly all contracts. The larg- 
est incidence was in the December 1987 KCBT 
wheat market in which violations occurred in 7% 
of the cases. All of the violations of this con- 
dition were incurred at lower strike prices. Vi- 
lations of this condition suggest that arbitrage 
profits could have been earned by buying the 
undervalued calls, exercising immediately, and 
selling the futures. 

The upper put boundary was never violated, 
as expected. However, the lower put boundary 
was violated frequently. Violation of this con- 


$ To evaluate the sensitivity of the results to the transaction costs, 


the boundary conditions were also tested using alternative values 
ranging downwards to 0¢/bu. The results were very similar to those 
reported here. 

6 Results of violations of arbitrage pricing conditions for soy- 
beans and wheat are summarized in this paper and are available 
from the authors upon request. 
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dition suggests that arbitrage profits could be 
earned by Duying the put, exercising it imme- 
diately, and buying the futures. The frequency 
of violations in this condition was greater for the 
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Two different y2t complementary tests on the 
put-call parity condition for the selected grain 
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option markets were conducted in this study. The 
first was a test of the equality of the ZSD be- 
tween put and call options over the duration of 
the study. Results indicated that various mea- 
sures of ex ante volatility of futures price (SD) 
over the duration of trading differed signifi- 
cantly across put and call options. The second 
test was to determine the extent to which arbi- 
trage bounds were violated on individual trading 
days. The analysis demonstrates that riskless 
profits could likely be earned by traders even 
after transaction costs. 

The underlying motivation of each of these 
tests is the fundamental put-call parity relation- 
ship; however, the formulation of the empirical 
tests differs. The test of the equality of JSDs de- 
rived from puts and calls is a test of market ef- 
ficiency over the entire duration of trading op- 
tions for a particular expiration month. The test 
for violations in the arbitrage condition is a di- 
rect test of the put-call parity condition (as well 
as other arbitrage bounds) for individual trading 
days, as opposed to the duration of trading. In 
addition, the results of this test are independent 
of the choice of the option pricing model, and 
transaction costs are incorporated. Rejection of 
the null hypothesis using the first test, vis-a-vis 
the arbitrage bound test, is stronger. This find- 
ing may be due to bias in the European option 
model for pricing American options. Because 
the arbitrage bound test is free from such model 
bias, it is the preferred procedure for exploring 
the parity conditions. 

Results of these two tests suggest substantial 
evidence to reject the put-call parity condition 
in these markets. These findings imply the wheat 
option market is not as efficient as other option 
markets (e.g., currency options) and arbitrage 
profits are likely to exist. This inefficiency may 
be temporary because of the newness of the grain 
option market, as is suggested by the reduction 
in the percentage of violation of arbitrage bounds 
in 1987 versus 1986 contracts. These findings 
also could be biased as a result of a nonsyn- 
chronization of data. Options and futures settle- 
ment prices were used to analyze efficiency or 
arbitrage opportunities of these markets. There- 
fore, the reported bias may not be realizable be- 
cause (a) the bid-ask spread, an important com- 
ponent of transaction cost; (b) the market impact 
on options and futures prices; and (c) the time 
lag in execution of a buy and sell order for ar- 
bitrage opportunities are all ignored. The above 
issues can only be resolved via time-stamped in- 
traday transaction data, which are not easily 
available. Future research using transaction data 
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to test efficiency in these markets should be en- 
couraged and warranted. 


[Received August 1989; final revision received 
March 1990.] 
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Production, Hedging, and | 
Speculative Decisions with Options 
and Futures Markets 


Harvey Lapan, Giancarlo Moschini, and Steven D. Hanson 


This paper analyzes production, hedging, and speculative decisions when both futures 
and options can be used in an expected utility model of price and basis uncertainty. 
When futures and option prices are unbiased, optimal hedging requires only futures 
(options are redundant). Options are used together with futures as speculative tools 
when market prices are perceived as biased. Straddles are used to speculate on beliefs 
about price volatility and to hedge the futures position used to speculate on beliefs 
about the expected value of the futures price. Mean-variance analysis in general is not 


consistent with expected utility when options are allowed. 


Key words: futures markets, hedging, options, price uncertainty, risk. 


One extension of Sandmo’s expected utility 
model of the competitive firm under price un- 
certainty considers the use of futures or forward 
contracts. Danthine; Holthausen; and Feder, Just, 
and Schmitz show that without basis uncertainty 
the optimal output level is not affected by price 
risk; also, with an unbiased futures price, the 
optimal hedging level of the competitive firm is 
the full hedge, while a biased futures price will 
result in a partly speculative hedge. Related works 
include Batlin, who allows for basis risk in the 
form of imperfect time hedging; Paroush and 
Wolf, and Antonovitz and Nelson, who con- 
sider basis risk with the simultaneous availabil- 
ity of futures and forward contracts; Grant, 
Honda, Losq, Newbery and Stiglitz, and Rolfo, 
who allow for production uncertainty; Chavas 
and Pope, who allow for production uncertainty 
and hedging costs; and Karp, who considers the 
problem in a dynamic setting. 

This paper provides a further extension of this 
analysis by allowing options as a means of cop- 
ing with price risk. With the introduction of 
commodity options on futures for many com- 
modities in the 1980s, this problem appears rel- 
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evant to a number of production settings, es- 
pecially in agriculture. Specifically, this paper 
considers the simultaneous choice of a produc- 
tion level and of hedging levels of futures and 
options within the general expected utility model. 
The model allows for basis uncertainty, but the 
production process is assumed to be nonsto- 
chastic. 

Optimal hedging when options are available 
is considered by Wolf in a linear mean-variance 
framework without including production deci- 
sions.’ The mean-variance framework has been 
employed in a number of risk management stud- 
ies. Under certain assumptions, this framework 
is consistent with expected utility maximization 
(Meyer, Robison and Barry). However, the in- 
clusion of commodity options in a decision 
maker’s portfolio leads to a violation of the two 
main conditions for a mean-variance represen- 
tation of expected utility. First, options truncate 
the probability distribution of price so that the 
argument of the utility function, profit or wealth, 
is not normally distributed even if the random 
price is normal. Second, the use of options gen- 
erally means that the argument of utility is not 
monotonic in the random attributes. Thus, re- 
laxing the mean-variance framework appears 
desirable to analyze options in a hedging prob- 
lern. 


! Wolf also reports simulation results based on the logarithmic 
utility function. 
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The paper is organized as follows. A model 
of production and hedging with both futures and 
put options is formulated. Some general results 
are derived for the pure hedging case in which 
producer price expectations agree with those 
embodied in the market price of futures and op- 
tions. This is followed by an analysis of how 
changes in asset prices (or expectations) affect 
optimal portfolios under constant absolute risk 
aversion (CARA). Next, the model is refor- 
mulated in terms of futures and straddles. This 
reformulation highlights the impact that individ- 
ual beliefs have on speculative decisions, par- 
ticularly on the use of options, and illustrates 
the limitations of mean-variance analysis. The 
concluding section summarizes the main contri- 
butions of the paper. 


Production and Hedging with Futures and 
Options 


The notation is defined as follows: y is the out- 
put quantity produced, x is the futures quantity 
sold, z is the put option quantity sold, p is the 
futures price at the end of the period, f is the 
futures price at the beginning of the period, b is 
the local cash price (including basis risk) at the 
end of the period, r is the put option price (pre- 
mium), & is the strike price, v is the terminal 
value of a put option, 7 is the profit at the end 
of the period, and ~ denotes a random variable. 
Because one can construct a synthetic call using 
futures and puts, attention is restricted to put op- 
tions only. Also, for simplicity, only one avail- 
able strike price for the option is considered. 

The random end-of-period profit of the firm 
using both futures and put options can then be 
written as? 


G) wr=by-cy)+(f-pxt+(r- vz, 


where c(y) is a strictly convex cost function dual 
to a concave production function,’ and Ý is the 
terminal value of a put option, defined as 


(2.1) ifp = k 


ifp <k, 


? Input prices and the option premium are implicitly com- 
pounded to the end of the period using the (constant) market interest 
rate, so that alil monetary variables in (1) are commensurable. 

? Because choosing a profit-maximizing level of inputs is equiv- 
alent to choosing a level of output when production is nonstochas- 
tic, in the production/hedging problem y is the decision variable 
of the producer. The effects of exogenous variables on the optimal 
input levels could be obtained using the (nonstochastic) conditional 
input demand functions implied by the cost function via the deriv- 
ative property. 
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where p is a realization of the random variable 


The producer’s utility is a strictly concave 
function defined over profit, that is u = u(7) 
where 7 is given by (1). Thus, the individual is 
risk averse, but no other restrictions are placed 
on his/her preferences. The problem is to choose 
(y, x, z) to maximize expected utility; that is, 


(3) max £ = E[u(i)], 


Yz 


where E denotes the mathematical expectation 
operator. 

The first-order conditions (FOC) require £, = 
L, = £, = 0, where the subscripts to £ denote 
arguments of partial differentiation, that is,“ 


(4.1) Elä’ (b — c')] = 0 
(4.2) Efa (f — p) = 0 
(4.3) E[a'(r — ¥)] = 0, 


where @’ = du/di, and c' = dc/dy. 

To characterize the solution of these equa- 
tions it is necessary to be specific about the re- 
lationship between local cash price and futures 
prices. Following Benninga, Eldor, and Zilcha, 
and others, the cash price is written as a linear 
function of the futures price: 


(5) b=at Bit 8, 


where p and @ are independently distributed and 
E(6) = 0. Because of the definition in (2), equa- 
tion (5) also uniquely defines the relationship 
between the terminal value of the put option and 
the cash price. Using (5), the FOC in (4) can 
be rewritten as 


(6.1) Efla@(at+ Bf+b-—c’)) =0 
(6.2) Eia’ (f — p)] = 9 
(6.3) Elä (r — ¥)] = 0, 


where (6.1) uses (4.2) rewritten as Ela’ (Bf — 
Bp)] = 0. 


The Case of Unbiased Prices 


For any given utility function, the solution of 
equations (6) will depend crucially on the de- 
cision maker’s perception of the futures price 


“ Because the utility function is strictly concave and the cost 
function is strictly convex in output, the second-order conditions 
are Satisfied. 
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and option value distribution relative to the prices 
fand r. To account for this, it is convenient to 
define the notion of price bias.” | 

Specifically, if the producer’s expectation of 
the end-of-period futures price equals the price 
of a futures contract, i.e., Ø = E(p) = f, then 
the futures price is unbiased. Similarly, the ex- 
pected (gross) return from the option position, 
ý = £(9), is 


_ pk 
(7) v= | (k — p) Wp) ap, 
0 


where W(p) is the density function of the distri- 
bution of price as perceived by the producer. 
Following Black and Scholes, general equilib- 
rium option pricing formulae assign a price to 
the option which, in our framework, is equiv- 
alent to the expected returns from the option (i.e., 
risk attitudes do not matter). Thus, the producer 
will perceive options to be fairly priced if r = 
y, and in this case the option price is unbiased. 

To analyze the solution, the strategy is first 
to consider the benchmark case of unbiased 
prices. The effects of biased prices are investi- 
gated in terms of comparative statics results from 
this benchmark. For unbiased prices (Ø = f and 
yọ = r), and taking the nonrandom elements out 
of the expectation operator, the first-order con- 
ditions (6) can be rewritten as 


(8.1) Cov(a', 0)/Ea' = c' — a — Bf, 
(8.2) Cov(i'’, p) = 0, 
(8.3) Cov(ia', ¥) = 0, 


where Cov(.,.) denotes the covariance operator. 

Consider first the solution for the optimal fu- 
tures and option positions for any given level of 
output, which is obtained by solving (8.2) and 
(8.3) for x and z conditional on y. Because of 
the dependence in (5) the random profit can be 
written as 


(9) w= m + by + plBy — x] — vz, 


where mo = [ay — ely) + fx + rz] is the non- 
stochastic component of profit. Now consider x 
= By and z = 0 as a candidate solution. With 
these levels of hedging instruments, the only 


$ This definition of bias illustrates the producer’s beliefs about 
the price distribution and does not warrant any implication about 
market efficiency. 
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randomness left in 7 and in di’ is due to 6. Be- 
cause 6 and p are by assumption independently 
distributed, then Cov(é’, p) = 0 and Cova’, ¥) 
= 0 so that x* = By and z* = Q solve equations 
(8.2) and (8.3). Because the second-order con- 
ditions hold globally, this solution solves the ex- 
pected utility-maximization problem. 

Given this optimal choice of hedging instru- 
ments, equation (8.1) will solve for the optimal 
level of output y*. Because in this case random 
profit reduces to 7 = (a + Bf + Ay ~ ely), 
the choice of output level reduces to the stan- 
dard problem of the competitive firm under out- 
put price uncertainty, where the random price is 
(a + Bf + 0). Using known results of this model, 
under risk aversion, production takes place at a 
point at which marginal cost is lower than the 
expected price (with optimal hedging), i.e., c’(y*) 
<a + Bf, indicating that a portion of price risk 
resulting from the basis cannot be hedged away. 

Because there is some residual uncertainty 
concerning the local cash price, the degree of 
risk aversion also influences optimal output. 
Specifically, the output level y* is inversely re- 


- lated to the degree of risk aversion (Baron). Fi- 


nally, a ceteris paribus increase in nondiversi- 
fiable basis uncertainty (a mean-preserving spread 
of 9) will in general decrease the optimal output 
level, a sufficient condition being that the Pratt 
measure of absolute risk aversion is decreasing 
in profit (Ishii). These conclusions are summa- 
rized in the following: 

Result 1. When futures and options prices are 
unbiased and cash and futures prices are related 
as in (5), then (a) a fraction B of production is 
hedged in the futures market, (b) options are not 
used as hedging instruments, (c) and the portion 
of nondiversifiable basis risk affects the pro- 
duction level. 

The absence of options from the optimal hedge 
may seem counterintuitive and warrants clari- 
fication. In the absence of futures and options 
positions, the risk faced by the producer de- 
pends upon the distribution of cash prices which, 
from (5), is assumed to be a linear function of 
the end-of-period futures price p plus an or- 
thogonal component 6. Neither the futures con- 
tract nor the put option can provide any hedge 
against the basis risk that is independent of p. 
However, because the remaining hedgeable risk 
is linear in p, it follows that a futures contract 
(which yields a pay-off that is also linear in p) 
must provide a better hedge than an option con- 
tract (the pay-off of which is nonlinear in p). 
Thus, in this context the option has no value as 
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a hedging instrument if futures contracts are also 
present. 

The optimal hedge ratio for futures derived 
above, x*/y = B, is the same as that derived 
under similar conditions for the case of futures 
only (Benninga, Eldor, and Zilcha; Kahl). This 
optimal hedge ratio satisfies the condition B = 
Cov(b, p)/Var(p) and thus could be estimated 
by a linear regression of cash on futures prices. 

Additional results for the general solution may 
be obtained under special conditions. First, if 
there is no orthogonal basis risk (0 = 0), then 
the FOC of equation (8.1) reduces to c'(y*) = 
a + Bf. This means that the optimal output level 
is independent of the distribution of J, i.e., pro- 
duction and hedging/speculative decisions are 
separated. Second, when the basis (b — p) and 
the futures price p are independent (G.e., B = 
1), the optimal hedge is the full hedge in the 
futures market, although in this case production 
and hedging decisions are not necessarily sep- 
arated. 

A separation result can also occur under our 
assumptions concerning basis risk if the utility 
function is of the CARA type. Assume a negative 
exponential utility function # = -exp(—A7%), 
where A = ~—u"/u' is the (constant) Pratt coef- 
ficient of absolute risk aversion, such that # = 
A exp(—A7r). Because p and @ are independently 
distributed, it is verified that for CARA equa- 
tion (6.1) can be written as 


J 6exp(—A6y) h(6) dé 
10 ~~ —— =c'(y)- a- pf, 
= J exp(—A8y) h(6) dé ee ee 


where h(@) is the density function of 6. Thus, 
the optimal output level y* that solves equation 
(10) will not be affected by parameters of the 
distribution of 6. This can be summarized in the 
following: 

Result 2. if either (a) there is no basis uncer- 
tianty or (b) there is a CARA utility function 
and cash and futures prices are related as in (5), 
then there is separation between production and 
hedging (speculative) decisions. 

This separation result means that, when the 
producer believes that the current futures price 
is a biased indicator of the end-of-period futures 


ê There are circumstances in which both futures and options may 
be useful hedging devices. In general, these cases will display a 
distribution cf profit which is nonlinear in the random price. Ex- 
amples of these situations may involve a nonlinear basis relation- 
ship or the presence of production risk which is not orthogonal to 
price risk. The characterization of these cases is left for further 
research. 
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price, it is more efficient for the producer to 
speculate on this disparity through portfolio de- 
cisions than through production decisions. This 
result with no basis uncertainty is essentially the 
same as those of Danthine; Holthausen; and 
Feder, Just, and Schimtz. The separation result 
with linear basis risk is illustrated by (10). The 
general case of (8.1) shows that, at the optimal 
output level, the marginal cost is less than the 
expected return from an optimally hedged po- 
sition by an amount which reflects the risk pre- 
mium of the unhedgeable risk [the left-hand-side 
of (8.1)]. As shown in (10), under CARA this 
risk premium is independent of that portion of 
price risk which is orthogonal to 0, leading to 
separation between production and hedging de- 
cisions. 


The Role of Expectations 


Result 1 above describes the hedging decisions 
of a producer whose expectations agree with the 
market forecasts as displayed by the futures price 
and option premium. When this condition is re- 
laxed, the optimal hedging rule x* = By and z* 
= 0 is modified. A convenient way to model 
the divergence of individual expectations from 
the market expectations, as aggregated in the fu- 
tures price f and in the option price r, is to let 
fand r change while holding the producer’s sub- 
jective distribution of p unchanged.’ 

Consider first hedging decisions conditional 
on the output level y. In this case equations (4.2) 
and (4.3) will solve for x* and z*. Totally dif- 
ferentiating these FOC and solving yields 


dx|_1|-2%, Lx 

o [ajale 
Ag Eel of 
Lor L dr |’ 


La = Eja" ~ py’, 
Le = Ly = Ela — vf — P), 


where 


? This is consistent with the assumptions that f and r are exog- 
enously given to the producer. Alternatively, one could hold the 
prices f and r constant and investigate how changes in the subjective 
distribution affect optimal hedging. Because the assumptions do not 
rule out distributions with more than two moments, this alternative 
may be impractical. 
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La = Ela" - 0, 
Ey = Ela — P)x) + En’, 
La = Ela — pz), 
Fy = Ela'(r — 9x], 
£, = Elia’(r — 0)z] + En’, and 
A= La Ln | (EY. 


Under CARA, and using the first-order con- 
ditions (4.2) and (4.3), it is verified that £y = 
$, = Eü' and £, = £y = 0. Under CARA, 
therefore, equation (11) reduces to 


dx| EW |-L, Ln || df 
GA) A A Pa a a 
From the second-order conditions we know that 
£a < 0, „ < 0, and A > 0. It can also be 
proved that under CARA £„ = £- > 0.* Hence, 
(12) yields: 

Result 3. Under CARA, a ceteris paribus 
change in the futures price leads to a change in 
futures and options sold in the same direction, 
i.e., ax*/af > 0 and dz*/af > 0. A ceteris par- 
ibus change in the option premium leads to a 
change in futures and options sold in the same 
direction, i.e. dx*/dr > 0 and dz*/dr > 0. 

The relative magnitude of the comparative 
statics effects also provides some insight on how 
futures and options are used to exploit infor- 
mation on futures and options bias. First, (12) 
implies that dx*/dr = dz*/df because Lp = Lyx. 
Also, from (12) we obtain 


(13) dz — dx = (Eü /A) [((Z,, + L.Ddf 
, SALA Ldr.: 


Under CARA (&,, + La) > 0 and (La + La) 
< 0.° Thus we can conclude: 

Resuit 4. Under CARA, a ceteris paribus 
change in futures or options price results in a 
larger change in the option position than in the 
futures position, with changes in r implying 
the largest changes. That is: dz*/dr > dx*/dr = 
dz* /af > dx*/of > 0. 

The comparative statics of results 3 and 4 
should be interpreted with care because they 
consider the effects of only r or f changing. When 
the producer differs from the market in terms of 
his/her perception of the dispersion of price but 
not in the expected value, only the option price 


8 Proof of this result is available from the authors upon request. 
? Proof of this result is available from the authors upon request. 
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will be perceived as biased, and the comparative 
statics of a change in r applies. Thus, for ex- 
ample, if ome started from the unbiased solution 
of the basi: independence case x* = y and z* 
= 0, then an increase in r (i.e., the market is 
overstating the volatility of p from the individ- 
ual point of view) would lead to a partly spec- 
ulative futures open position x* > y such that 
more futures are sold. At the same time a po- 
sition z* > 0 in the option market is also open, 
such that seme put options are also sold. Be- 
cause the change in option position is larger than 
the change in the futures position by result 4, 
the resulting pay-off of the speculative position 
resembles a short straddle, a strategy which is 
deemed use-ul for speculating on beliefs about 
the volatility .’° 

Alternatively, changes in the producer’s be- 
liefs concerring expected price would bias both 
futures and ption prices. If, at the same time, 
the producer perceives an offsetting change in 
the dispersior of price, then only the futures price 
may be perceived as biased. In this case the 
comparative statics of a change in f applies. 
However, this special case may not be very in- 
teresting; rather, one may want to know the ef- 
fects of charging the futures price f when vol- 
atility is perceived unchanged. In this case the 
option premium must be allowed to change when 
the price of futures changes. A way of doing 
that would bz to let dr = dédf, where the coef- 
ficient 6 is known as the “delta” of the option 
(Cox and Rubinstein), and to pursue the com- 
parative statics analysis in terms of total deriv- 
atives. An alsernative and more fruitful analysis 
involves refo-mulating the problem in terms of 
futures and straddles. This approach is pursued 
in the next section. 


Speculative Hedging with Options 


The analysis 30 far has shown little role for op- 
tions as a hedging instrument. As long as the 
exogenous risk is linear in price, the futures 
market provices a perfect hedge. Moreover, the 
individual sp2culative decisions depend upon 
market prices (f and r) and his/her subjective 
beliefs concerring the “fair” value of these prices. 
If these price; are perceived as biased, then a 
speculative position which includes the use of 
options may cccur. 


10A short straddle position is obtained by selling one futures and 
two put options, or equivalently by selling one put and one cali 
options. See Cox art Rubinstein for more details on this and other 
strategies. 
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The results concerning speculative decisions 
are obscured because the futures and put con- 
tracts are partial substitutes (a futures equals a 
long call and a short put). As pointed out be- 
fore, the bias in the futures price depends on 
expected price, while the bias in option premi- 
ums depends on both expected price and vola- 
tility. Thus, changes in price expectations have 
a direct impact on the expected return (or bias) 
of both instruments. 

The analysis of speculative decisions can be 
sharpened if the individual speculates using fu- 
tures contracts and straddles. A long (short) 
straddle is a combination of a long (short) call 
and a long (short) put at the same strike price. 
Because a synthetic call can be constructed us- 
ing futures and puts, a straddle can also be con- 
structed using futures and puts. Thus, recasting 
the analysis with this instrument does not entail 
a change in the choices available to the individ- 
ual. 

The main determinant of the straddle price is 
the volatility of the end-of-period futures price. 
From the individual perspective, changes in ex- 
pectations concerning the futures price affect the 
bias in the futures but have little effect on the 
bias in the straddle, while changes in beliefs about 
the dispersion of price (volatility) affect only the 
bias in the straddle. 

Because basis risk has been investigated ear- 
lier, the analysis is simplified by assuming no 
basis risk (b = p) and by concentrating on the 
speculative decisions given a (fully hedged) out- 
put level. To this end, let g = (y — x) denote 
the speculative (open) futures market position (q 
> Q is long), s be the straddle position (s > 0 
is a long straddle), t be the market price of a 
long straddle with strike price k (the premium 
of the put plus the premium of the call), and w 
be the payoff of the straddle position. The profit 
defined in terms of open futures and straddle po- 
sitions then is written as 


(14) #=fy-—cly) + (P -fja +t WW -— ds. 


The payoff of the straddle is given by the ab- 
solute value function, 


(15) 


It is convenient to let p = p + é, where é is 
a random variable with density function g(e) and 
satisfying E(é) = 0. Also, assume that the strike 
price is chosen equal to the expected price, so 
that k = p and ŵ = |é|. If one maximizes the 
expected utility of profit as given in (14) con- 
ditional on the output level, the first-order con- 
ditions are 


w=|p—kl. 
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(16.1) 
(16.2) 


For the results that follow, assume that the 
individual perceives the price to be symmetri- 
cally distributed, i.e., g(e) = g(—e). Then, 


E[w’ (p — f+ é)| = 0, and 
E{a' (jel — )] = 0. 


(17) | F(e)g(e)de = | F(—e)g(e)de 
ex0 e>0 


for any function F(e). For notational conve- 
nience, define” 


(18) E*(J(e)] = 2 | J(e)g(e)de 


e>0 


for any function J(e). Using this symmetry as- 
sumption, the FOCs can be expressed in terms 
of the realizations e = 0 only. In particular, 
equations (16) can be rewritten as 


(19.1) EKOE + (6 -PEIL = 0, 
(19.2) E*[L(é)(é — D] = 0, 


where K(é) = [u'(m(@)) ~ u'(a(—@))] and L(é) 
= [w (Të) + u'm). 

Note that E*[L(&] > O and, assuming risk 
aversion (u” < 0), for e > 0: 


(20) K(e) 20asg £0. 


Thus, if the futures price is unbiased (p = f) 
then g* = 0 for (19.1) to hold. If p > f, then 
(19.1) requires E* (K(é)é] < 0, which implies g* 
> 0 in view of (20). Similarly, if p < f, then 
E* [K(€)é] > 0, which requires g* < 0. This can 
be summarized as follows: 

Result 5. Under risk aversion and with a sym- 
metric distribution of price, the qualitative op- 
timal speculative futures position depends only 
upon the bias in the futures price; i.e., g* Š 0 
as p = f. In particular, this speculative futures 
position is independent of the bias in the strad- 
dle price. 

The reformulation of the assest mix in terms 
of futures and straddles allows a clearer repre- 
sentation of how changes in expected price or 
implied volatility affect optimal speculative de- 





" The normalization factor 2 in (18) is the reciprocal of the prob- 
ability of positive realizations of ë (which is 0.5 because of the 
symmetry assumption), so that E* is properly interpreted as an ex- 
pected value. 

2 4’(a(é)) denotes the marginal utility evaluated at the profit level 
assoicated with a realization of the random variable ë, while u'(a(~-2&) 
denotes the marginal utility evaluated at the profit level associated 
with the negative of the same realization of the random variable £. 
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cisions. This reformulation also clarifies the 
comparative statics of results 3 and 4. For ex- 
ample, a perceived decline in the dispersion of 
p means that the producer/speculator views both 
puts and calls as overpriced and hence wishes 
to sell both, i.e., sell a straddle. If the problem 
is formulated in terms of futures and puts, then 
the sale of a (synthetic) straddle can be achieved 
by selling one futures and two puts. Thus, the 
use of futures to speculate on the dispersion of 
price emerging from result 3 is purely a function 
of constructing a straddle position. 

The first part of this paper showed that op- 
tions are not useful in hedging exogenous price 
risk, at least under the assumption of linear price 
risk. With the reformulation of the model using 
the straddle, however, we can show that options 
are desirable instruments to hedge the risk as- 
sumed by the agent because of an open specu- 
lative position in futures. For example, if the 
agent has a long futures position, then profit (and 
utility) will be low when p is low. In this situ- 
ation, a long straddle that raises income in these 
states may be desirable. The same argument in- 
dicates that a long straddle may be useful when 
the agent chooses to short the futures contract. 

Specifically, the FOC (19.1) dete..nines the 
sign of g*, which depends on the perceived bias 
in the futures price. The sign of s* then is based 
on the remaining FOC (19.2). If the straddle is 
unbiased, then w = t where w = E(w) = E[jéj] 
= E*[é], the last equality following from the 
symmetry assumption. Thus, the FOC (19.2) can 
be rewritten as EHL — Liwe — w)} = 0, 
where L(w) denotes the value of L{e) at e = w. 
Now, L(e) is an increasing function of e at s = 
O if we assume u” > 0 (as implied by non-in- 
creasing absolute risk aversion) because dL/de 
= [u"(& — u"(-A]q at s = 0, and d’L/de* = 
u" + "Eg > 0 for q ¥ 0. Thus, sgn[L(é) 
— L(w)]| = sgn{é — w], so that the integrand in 
(19.2) is positive for all e = w and equal to zero 
at e = w. Hence, with an unbiased straddle price 
at s = 0 the FOC in (19.2) is positive. Given 
the second-order conditions, s* must also be 
positive for (19.2) to vanish. 

For an unbiased straddle price, the long strad- 
dle position will not fully offset the open futures 
position. To see this note that, from (19.2), 
E*[L(@é — Ò] = Cov [(L(, (€ — Ò] = 0 be- 
cause E (ë — t) = 0. From the definition of Le), 
dL/de = u"(é)\(s + q) + u"(-é)(s — q). Because 
L{e) cannot be monotonic in e (if this were the 
case then Cov" [L(é, (E — Ò] # 0), it follows 
that (s + q) and (s — q) must have opposite 
sign. Thus, (s + g)(s — q) = $ — g <0, which 
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implies |s| < |g]. For example, if p > f, then g* 
> s* > 0, so that the resulting position is not 
equivalent to simply being a long call. 

The analysis above has shown that a long 
straddle provides insurance against adverse out- 
comes induced by the open futures position. This 
conclusion is summarized in the following: 

Result 6. Under nonincreasing absolute risk 
aversion, and with unbiased straddle price and 
a symmetric distribution of the spot price, the 
optimal straddle position will always be long 
when there is an open speculative futures po- 
sition (either long or short); also, the straddle 
position will always be smaller than the open 
futures position, i.e. 0 < s* < |g#]. 

Results 5 and 6 together imply that the spec- 
ulative position induced by a perceived bias in 
the futures price will have a nonlinear payoff 
whose shape is intermediate between that gen- 
erated by only puts or calls and that generated 
by futures only. This nonlinear payoff will gen- 
erate a positively skewed profit distribution even 
if the price distribution is symmetric. Indeed, 
the condition of nonincreasing risk aversion (or 
more generally u” > 0) used above is equivalent 
to assuming a preference for positive skewness 
(Tsiang). 

Note, however, that preference for skewness 
is not sufficient to justify using only puts or calls 
to generate a nonlinear payoff. For example, if 
the agent’s expectation of the end-of-period fu- 
tures price is higher than f but he/she agrees 
with the implied price volatility of the market, 
a viable speculative action would seem to in- 
volve buving call options. However, if the agent 
views the call as underpriced, he/she must si- 
multaneously view the put as overpriced. Hence, 
buying a call and selling a put, i.e., buying fu- 


-tures, is a superior speculative device. Options 


in a pure sense (straddle) are used only to hedge 
the risk assumed by this open position. 

Comparative statics results concerning the 
impact of changes in futures and option prices 
on the optimal portfolio of the individual can be 
obtained for a CARA utility function. Totally 
differentiating (16), using the FOC and the con- 
stant coefficient of absolute risk aversion A = 
—u"/u', and solving yields 


(21) dq — Ew Li eats oP df 

ds A | fy Beg |) ety 
where £; are the elements of the Hessian matrix 
for the maximization problem, and hence £, < 


0, £,, < 0, and A = [¥,, Ls — (L4.)'] > 0. 
Furthermore, with the assumption of symmetry 
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in gle), £,, 2 0 as q Z 0. Hence: dg*/af < 
0, ds*/dt < 0, and dg*/dt = ds*/af 2 0 as q* 
= 0. This can be summarized in the following: 

Result 7, Under CARA and with symmetri- 
cally distributed prices, a ceteris paribus de- 
crease in the current futures price will lead to 
an increase in the net long futures position; the 
net long straddle position will increase (de- 
crease) if the net futures position is long (short). 
Similarly, a ceteris paribus decrease in the 
straddle price will increase the net long straddle 
position; the net long futures position will in- 
crease (decrease) if the agent is long (short) in 
open futures. 

In the model reformulated in terms of open 
futures and straddles, the comparative statics of 
a change in futures price with the straddle pre- 
mium held constant illustrate the adjustments 
when the producer differs from the market in 
terms of his/her perception of the expected price 
but not on the price volatility. This allows us to 
resolve the ambiguity arising from results 3 and 
4. Because of our centering k = p and of the 
assumption of symmetry in the distribution of 
Dp, a ceteris paribus change in f will not affect 
the straddle price ¢ (although the price of puts 
and calls will be affected through their delta). 
In this light, the own-price effects on the de- 
mand for futures of result 7 are intuitively ap- 
pealing. For example, starting at the unbiased 
solution g* = s* = 0, a decrease in f other things 
being equal (i.e., an increase in the agent’s ex- 
pected price relative to the market) leads to a 
net long position. 

Similarly, the comparative statics of a change 
in ¢ with f held constant illustrates the adjust- 
ments when the producer differs from the mar- 
ket in terms of his/her perception of the vola- 
tility of price but not on the expected price. For 
example, a ceteris paribus decrease of the strad- 
dle price ¢ is equivalent to the producer per- 
ceiving an increase in the volatility of the fu- 
tures price p relative to the market. If one 
evaluates the comparative statics effects at the 
unbiased point g* = s* = 0, the own-price ef- 
fect of straddle demand implies a movement 
toward a long straddle, a strategy that is use- 
ful when the market is understating the volatility 
of p. 

The cross-price effects can be understood by 
considering the underlying use of straddles as 
hedging instruments to offset the futures posi- 
tion. Thus, in the case of a decrease in f, the 


P? Proof of this result is available from the authors upon request. 
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agent will change his/her straddle position to 
hedge against the net change in futures position. 
For q > 0, this means an increase in s. For q 
< 0, this means that the absolute value of q de- 
creases so that fewer straddles are needed to 
hedge the position. 


Pitfalls of Mean-Variance Analysis 


The introduction pointed out that the truncation 


and nonlinearity introduced by options leads to | 
a violation of commonly used justifications for | 


mean-variance analysis. The results of the pre- 
ceding section gives us an opportunity to illus- 


trate this point further. Consider a mean-vari- 
ance formulation of this model. For the profit 
equation (14) we have 


(22.1) 
E(t) = fy — cly) + (P — f)q + (w — Os, and 


(22.2) Var(t) = q’ Var(é) + s? Var(|él) 


because Cov(é, |é)) = 0 due to the assumed 
symmetry in g(e). 

Maximizing any function that is increasing in 
E(7) and decreasing in Var(7), as given in (22), 
would imply s* = 0 for W = t. Hence, in the 
mean-variance framework the optimal straddle 
position is zero if the straddle price is unbiased, 
regardless of the optimal position in the futures. 
This conclusion contrasts sharply with the re- 
sults of the previous section. Because the dis- 
tribution of profit cannot be normal in the pres- 
ence of options, the ultimate rationale for mean- 
variance analysis must hinge on the undesirable 
assumption of quadratic utility. 


Conclusions 


In this paper, we have analyzed the production 
and hedging decisions of the competitive firm 
facing both futures and options markets within 
an expected utility model that allows for basis 
risk. When futures prices and options premiums 
are perceived as unbiased, options are redundant 
hedging instruments. The optimal hedging strat- 
egy involves using only futures, and the amount 
of futures is determined by the covariance of cash 
and futures prices. However, if futures prices 
and/or options premiums are perceived as biased, 


* Note that this utility function displays increasing absolute risk 
aversion with u” = 0, which violates the conditions used to derive 
result 6 and rules out preference for positive skewness. 
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options are typically used along with futures. 
Thus, in this model options are appealing more 
as speculative tools to exploit private informa- 
tion on the price distribution, and less so as an 
alternative hedging instrument. 

The qualitative effects of biased prices on the 
use of options and futures was investigated in 
terms of comparative statics effects. The nature 
of the speculative activity brought about by biased 
prices is clarified if the problem is formulated 
in terms of open futures and straddle positions. 
The sign of the open position in the futures de- 
pends only on the bias in the futures price, and 
(long) straddles are used even if the straddle price 
is unbiased whenever the futures position is open. 
In this context, options emerge as a useful de- 
vice to insure against the price risk in an open 
speculative position. 


[Received May 1989; final revision received 
April 1990.] 
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Dynamically Optimal After-Tax 
Grain Storage, Cash Grain Sale, and 


Hedging Strategies 


Russell Tronstad and C. Robert Taylor 


This article utilizes a stochastic dynamic programming (SDP) model that considers the 
state variables of (a) before-tax income, (b) grain storage, (c) quantity of futures 
position, (d) value of futures position, (e) wheat price, and (f) basis level. Decision 
variables are monthly cash grain sales and futures market transactions. In comparing the 
post-sample performance of SDP to other marketing strategies over a four-year period, 
SDP resulted in $5,961 to $25,021 more wealth than the other strategies considered. 
Also, these other strategies yielded a standard deviation of after-tax income that was 


30% to 621% greater than that from the SDP framework. 


Key words: before-tax income, certainty equivalence, marketing strategies, stochastic 


dynamic programming. 


Many studies have examined the optimal amount 
of grain that producers should sell or hedge via 
cash and futures markets under varying assump- 
tions of market position, futures and cash price 
determination, unbiasedness of futures prices, 
production, utility function, and risk aversion 
(e.g., Berck, Heifner, Johnson, Kahl, Karp, 
Peck, Rolfo, Ward and Fletcher). However, these 
studies have failed to recognize many factors 
faced by producers in marketing grain. For ex- 
ample, producers will have different income 
levels and thus income tax rates as the price of 
grain varies. Thus, under a cash accounting sys- 
tem, the current income of producers will affect 
whether they should store grain into the next tax 
period, sell in the futures market, or sell in the 
cash market. In analyzing the effects of the 1986 
Tax Reform Act on optimal cash grain market- 
ing decisions, Tronstad and Taylor (1989b) 
solved for dynamically optimal after-tax mar- 
keting decisions utilizing a stochastic dynamic 
programming (SDP) model. They found that the 
sensitivity of optimal cash grain sales to income 
tax considerations could be magnified by the 1986 
Tax Reform Act (TRA) because of larger jumps 
in marginal tax rate schedules. Thus, income tax 
considerations are likely important in determin- 
ing optimal hedging decisions, even though the 


Russell Tronstad is an extension economist, University of Arizona; 
C. Robert Taylor is Alfa Professor of Agricultural Policy, Auburn 
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1986 TRA decreased the marginal tax rate for 
most individuals. Also, the effects of govern- 
ment programs are not incorporated into the op- 
timal hedging decisions of the above studies, and 
most grain producers participate in government 
programs. 

The purposes of this study are to (a) extend 
the after-tax cash grain-marketing model of 
Tronstad and Taylor (1989b) to include after-tax 
hedging decisions; and (b) explore the benefits 
of an optimal dynamic marketing decision rule 
for grain producers which incorporates the dis- 
crete aspects of hedging decisions (i.e., pro- 
gressive income tax structure and lumpiness of 
futures contracts), the before-tax income level 
of grain producers, the stochastic nature of cash 
price and basis levels without assuming cer- 
tainty equivalence (1.e., with respect to the non- 
linearities of the tax function), and government 
payments. As in Tronstad and Taylor (1989b), 
a representative Montana winter wheat producer 
was used to illustrate how these factors affect 
grain-marketing decisions and firm profitability 
because a much simpler model formulation re- 
sults for a Montana grain producer than a grain 
producer from a multiple-crop region. That is, 
as a result of moisture limitations, Montana dry- 
land grain producers essentially have only win- 
ter wheat as an economically viable crop alter- 
native. However, the single-crop model can give 
insight into optimal decisions for a multiple-crop 
producer because the focus is on method and 
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timing of grain sales rather than crop selection. 
Forward contracting and options are not consid- 
ered because futures contracts are similar to for- 
ward contracting and the minimum selling price 
concept of options is partially captured by gov- 
emment loan and target prices. As in Tronstad 
and Taylor (1989b), optimal grain-marketing 
decisions are obtained for a multiperiod horizon 
where the producer is presumed to maximize 
expected wealth. 

Two commonly utilized frameworks which 
incorporate time and uncertainty in decision 
problems are SDP and Ito’s stochastic control 
theory. SDP is selected for this analysis because 
(a) the discreteness of income tax schedules and 
futures contracts is more amenable to an SDP 
than stochastic control theory formulation, (b) 
an explicit solution is often not achieved for many 
problems when using optimal control theory 
(Burt), and (c) direct enumeration techniques are 
the only alternative to SDP and these methods 
are computationally inefficient (Bellman). 

The next section presents the SDP formula- 
tion of the grain-marketing model. Cash price 
and basis transition probabilities are discussed 
in the third section; marginal tax schedules and 
other critical features are delineated in the fourth 
section.’ The fifth section presents slices of the 
optimal grain-marketing decision rule generated 
from the SDP model. Then, the post-sample 
performance of the SDP marketing approach is 


' Basis is defined as futures minus the cash price in this analysis. 
This definition is frequently found in academic literature, whereas 
the trade literature usually defines basis as cash minus the futures 
price. 
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compared to other cash and futures marketing 
strategies from August 1985 to January 1989. 
Finally, the usefulness of an SDP approach is 
discussed. 


Stochastic Dynamic Programming Model 


To keep the SDP model formulation manage- 
able, only March futures contracts are consid- 
ered. The fact that winter wheat is a storable 
commodity makes this restriction reasonable be- 
cause market conditions which affect old (new) 
crop futures contracts will usually affect all other 
old (new) crop futures contracts in a similar 
manner. However, even if an inverse market ex- 
ists across adjacent futures contract months, im- 
mediate cash sales would likely be preferred to 
selling in the futures market. Thus, any benefit 
from adding another futures horizon is probably 
quite small. March futures contracts are utilized 
so the producer will be allowed to (a) hedge grain 
into the next tax year, (b) hedge anticipated pro- 
duction before the main growing season of win- 
ter wheat, and (c) receive almost all of the car- 
rying charge of storage from hedging before the 
new U.S. harvest begins, as illustrated by 
Working. 

The decision maker is assumed to maximize 
the expected present value of after-tax wealth 
over a multiyear planning horizon subject to the 
state variables of monthly cash price, basis, be- 
fore-tax income, grain storage, futures position, 
and value of March futures position. Formula- 
tion of this problem as a SDP model results in 
the following recursive equation: 


(1) V(P,,B,, I, ST, QM,, VM) = MAX E[T{R(P,, B, IL» ST,, QM, VM)} 
XCXM, 


subject to 
(2) Lla, = L + P,- XC, + VI, + DEF, — C, 


(3) 7, = 0;ift = 1, 13, 25,... 
or the month of January 


(4) 05 XC, = ST, + Q, 
(5) 0 = ST, = SC 
(6) STi4,; = ST, + Q, — XC, 
(7) QM, = QM, + XM, 
(8) —-XM, = OM, if t = 3, 15, 27, ..., 
or the month of March 


E B ‘ Vie (Prats Bi+is List, ST iis OM +1, VM.+1)] 


} 
} 
} 


Before-tax income constraints 


Grain sale constraint 
Storage capacity constraint 


Storage constraint 


Fvtures constraints 


Tronstad and Taylor 
(9) -OM, = XM, = ST, + AQ, — QM, 


(10) 0 = OM, = ST, + AQ, if 
ST, + AQ, < SC; else 
0 = OM, = SC 


(11) VM,,,; = VM, + XM,:(P, + B) — VI, 


(12) 
if XM, < 0, else 
VI, =0 


(3) Pmi = fin e) 
AH Bui = fBn ea) 


where f is the monthly index; V,(-) is the max- 
imum expected present value of after-tax in- 
come from month ¢ through the multiyear ter- 
minal month T given the initial state; P, is the 
mid-month price of Montana winter wheat; B, is 
the mid-month Kansas City Board of Trade 
(KCBT) March futures price minus P, J, is the 
beginning before-tax income state of the pro- 
ducer in month ¢; ST, is the beginning storage 
state of the grain producer in month #; QM, is 
the beginning quantity of March futures position 
(a positive value indicates a short position); VM, 
is the beginning value of March futures position 
(average transaction price (ATP) of a short fu- 
tures position multiplied by the quantity short); 
XC, is cash winter wheat sales; XM, is March 
futures transactions [positive (negative) values 
denote selling (buying) of March futures con- 
tracts]; Æ is the expectation operator; T{R(-)} is 
after-tax income as a function of before-tax rev- 
enue, R(-); B is the real discount factor (1/1.005); 
Q, is production for month ¢ (nonzero only for 
the month of August); SC is total storage ca- 
pacity; AQ, is anticipated production (positive 
for the months of April through August); VI, is 
the profit or loss generated from closing out a 
short futures position; DEF, is deficiency pay- 
ments; C, is production, commission and margin 
expenses; f;(-)’s (@ = 1, 2) are stochastic Mar- 
kovian relationships with associated random 
variable e,,’s. 

Before-tax income (/,), cash grain sale (XC), 
storage (S7,), and price (P,) constraints in equa- 
tions (2) through (6) and (13) are quite similar 
to, and the only constraints necessary for, an 
SDP model that considers cash grain sales alone 
as solved by Tronstad and Taylor (1989b). 
However, the primary difference occurs when 
before-tax income gained or lost from hedging 
(i.e., VI,, commission and/or margin expenses) 
enters constraint (2). Hedging and basis level 


} 
Vi, = [(@, + B) - (VM,/QM,)] "XM, i 
} 
} 
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Legitimate hedging constraints 


Value of futures constraint 


Loss (—} or profit (+) on 
short futures position closed 


Stochastic Markovian price relationship 


Stochastic Markovian basis relationship 


constraints [i.e., equations (7)—(12) and (14)] 
influence VI, and C, in equation (2) indirectly. 

I,, ST,, QM, and VM, are deterministic state 
variables in the above formulation. Because of 
uncertainty associated with cash price (P,) and 
basis (B,) movements, P, and B, are treated as 
stochastic state variables. Even though P, and B, 
enter the before-tax function [X(-)] linearly, cer- 
tainty equivalence requirements are not satisfied 
for P, or B, because the after-tax function [T{-}] 
is nonlinear (Simon, Theil). Subsequently, P, and 
B, must be treated as true stachastic state vari- 
ables in the SDP model formulation. 

Except for January, ending before-tax income 
(l1) for each period is before-tax income car- 
ried over from the previous month (/,) plus cur- 
rent cash grain sale receipts (P,-XC,), hedging 
profits (positive V/,), and deficiency payments 
(DEF); minus current costs of production, com- 
mission and margin expenses (C,), and hedging 
losses incurred in month t. The producer is as- 
sumed to comply with government program re- 
quirements, as is the case for virtually all Mon- 
tana dry-land grain producers. I, begins each tax 
year (i.e., January) with zero before-tax income 
(constraint 3) because grain sales, profits or losses 
on hedging, deficiency payments, and before- 
tax income accumulated prior to January are ac- 
counted for by taxable income calculated in De- 
cember of the previous year. Ending storage for 
month ¢ (ST,,,) is increased by grain harvested 
during August (Q,) and decreased by cash grain 
sales (XC,) as given in equation (6). 

The ending month’s quantity of March futures 
position (QM,,,) is increased by selling March 
futures contracts (i.e., positive XM,) and de- 
creased by buying March futures contracts (i.e., 
negative XM,). If a March futures position exists 
(i.e., QM, > 0) at maturity, the futures position 
must be closed as indicated in equation (8). 
Equations (9) and (10), called legitimate hedg- 
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ing constraints, allow the producer to maintain 
a bona fide IRS hedging account. That is, the 
producer cannot have a long futures position (0 
= QM) or a short futures position that is greater 
than current storage plus anticipated production 
(OM, = ST, + AQ,) or storage capacity (0 = 
QM, = SC). This constraint also implies that 
current futures transactions (XM,) are bound be- 
tween the negative of any current futures posi- 
tion (-~QM,) and grain in storage plus antici- 
pated production minus any futures position (ST, 
+ AQ, — ỌM). As indicated in (11), the ending 
monthly value of March futures contracts (VM ,+1) 
increases or decreases as a result of March fu- 
tures transactions by the amount of XM, (P, + 
B,). Also, to maintain the original transaction 
price of March futures contracts sold when part 
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temporaneous basis because it should capture 
most of the information about recent transpor- 
tation and market conditions between KCBT 
March futures price and P,. Lagged cash prices 
are hypothesized to positively influence the ba- 
sis because of increased storage costs. Maturity 
time influences the basis because storage costs 
are directly related to the length of time between 
the current month and the contract month. A 
negative time trend for the basis is anticipated 
because the Portland market has been stronger 
than the Gulf market in recent years. 

Utilizing Schwarz’s Bayesian information cri- 
teria (BIC) (Schwarz) to determine appropriate 
lag lengths and variables, the following cash price 
and basis relationships were estimated (t-values 
are in parentheses): 


(15) P,= .4547+ .8960°P,,-  .07815-HD, 
(2.900) (24.417) (—2.406) 
— 00094026 - MT, + e, KR = .8982 DH = ~.1852 
(—1.945) 
(16) B,= .6185:B,,+ .2548-B,.+ .01359-7M,+ e, K = .7906 DH = —1.1848 
(6.8753) (3.0369) (2.7761) 


of a short futures position 1s closed out, a profit 


(loss) of VI, is subtracted (added) from (to) the 
amount associated with closing out part or all of 
a. short futures position. 


Cash Price and Basis Transition 
Probabilities 


As in Tronstad and Taylor (1989b), Markovian 
transition probabilities for cash price were de- 
termined by estimating P, as a function of own 
lagged price (P,-p jJ = 1, 2, 3), a harvest dummy 
variable (i.e., 1 for the months of June, July, 
and August; 0 otherwise), a time trend, and au- 
toregressive error (€; J = 1, 2, 3). Lagged prices 
capture current grain market conditions. A har- 
vest dummy variable for the months of June, 
July, and August captures any dampening effect 
on P, of the harvest of hard red winter wheat. 
A time trend variable represents changes in P, 
resulting from technological advances (e.g., new 
crop varieties, herbicides, and pesticides, in 
conjunction with no-till farming practices). 
Markovian basis relationships were deter- 
mined by estimating basis as a function of lagged 
basis (B,_;; j = 1, 2, 3), lagged cash price levels 
(P,_; j = 1, 2, 3), time of basis to maturity (.e., 
O to 11 months), and a time trend variable. Own- 
lagged basis is hypothesized to influence con- 


where P, is the mid-month Montana winter wheat 
price ($/bu.) (Agricultural Prices), HD, is a 
harvest dummy variable, MT, is a monthly time 
trend, B, is the basis level or mid-month KCBT 
March Futures (Wall Street Journal) minus P,, 
TM, is the number of months until maturity, e,, 
(i = 1, 2) is a normally distributed error term 
with a constant variance, R? is the adjusted coef- 
ficient of determination, and DH is Durbin’s H- 
statistic. The monthly data series runs from Jan- 
uary 1977 to August 1988 and all prices are de- 
flated by the index of prices paid by farmers 
(Agricultural Prices), utilizing August 1988 as 
a base period. Also, to reduce model complex- 
ity, the second-order Markov process of B, in 
equation (16) was reduced to a first-order Mar- 
kov process as described in Burt and Taylor. 


Marginal Tax Schedules and Other Critical 
Input Features | 


The 1988 federal income tax code has three 
marginal tax rates. Marginal tax rates for mar- 
ried individuals filing jointly are 15% for tax- 





? BIC(}) chooses the jth model sich that 2M) — kin@) is 
largest, where M is the maximum likelihood function, k is the num- 
ber of parameters associated with the jth model, and n is the num- 
ber of observations. 
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able incomes less than $29,750, 28% for tax- 
‘able income between $29,750 and $71,901, 33% 
for taxable income between $71,901 and 
$171,090, and 28% for taxable income exceed- 
ing $171,090. Standard deductions for a mar- 
ried couple (i.e., $5,000) and two personal 
exemptions (i.e., $3,900) are claimed in deter- 
mining federal income tax liabilities. 

State taxes for Montana are made up of ten 
relatively flat marginal tax brackets. After a 
$4,280 standard deduction, the marginal tax rate 
is 2% for income less than $1,400, 3% for in- 
come between $1,400 and $2,900, 4% for in- 
come between $2,900 and $5,700, 5% for 
income between $5,700 and $8,600, 6% for in- 
come between $8,600 and $11,400, 7% for in- 
come between $11,400 and $14,300, 8% for 
income between $14,300 and $20,000, 9% for 
income between $20,000 and $28,000, 10% 
for income between $28,600 and $50,000, and 
11% for income greater than $50,000. Also, 
social security taxes are included at a rate 
of 13.02% of income, with a maximum social 
security tax of $5,702.80. 

Grid dimensions utilized in this analysis are 
as follows; eight cash price (P,) states ($2.25, 
$2.50, $2.75, $3.00, $3.25, $3.50, $4.25, and 
$5.00 per bushel; seven basis (B,) states (—$.75, 
—$.15, $.10, $.35, $.60, $.85, and $1.45 per 
bushel); seven income (/,) states (~$60,000 to 
$60,000 in $20,000 increments); nine storage 
(ST) states (0 bu. to 40,000 bu. in 5,000 bu. 
increments); nine quantity of March futures (QM) 
states (0 bu. to 40,000 bu. in 5,000 bu. incre- 
ments); and eleven value of March futures (VM) 
states ($1.50/bu. to $6.50/bu in $.50 incre- 
ments, multiplied by QM,). The lower range of 
the state space for P, ($2.25/bu.) is essentially 
the current CCC loan rate of $2.21 per bushel 


($2.28 in 1987). The distribution of P, is some- - 


what skewed toward higher prices because of 
the CCC loan rate. Therefore, to reduce com- 
putation requirements, the upper end of the dis- 
tribution of P, is given a coarser grid space. Be- 
cause the distribution of B, is essentially 
symmetric, both tails of the distribution of B, are 
given a coarser grid space. 

The mid-point between each cash price and 
basis state increment is utilized in conjunction 
with equations (15) and (16) in calculating Mar- 
kovian transition probabilities. For example, if 
the current cash price state is $3.00 per bushel, 
equation (15) is utilized to determine an ex- 
pected price for ¢ + 1 in ¢ so that the probability 
of cash going to a price state of $3.25 per bushel 
was determined by integrating the area of cash 
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price falling between $3.375 per bushel and 
$3.125 per bushel in period t + 1, given that 
the error structure of equation (15) is normally 
distributed. This process was done for all cash 
price and basis states so that the product of the 
two probability matrices for each period would 
sum to one in going from one {P,, B,} state com- 
bination to all possible {P,.,, Bı} combina- 
tions. These transition probabilities are utilized 
to calculate optimal expected values from one 
period to the next [i.e., VC) from V,..,(-)] and 
determine an optimal converged decision rule. 
The reader is referred to Howard’s book, Dy- 
namic Programming and Markov Proéesses, for 
a more thorough discussion of this process. 

Because before-tax income is always zero at 
the beginning of every tax year, —$60,000 is 
about the lower limit of before-tax income that 
the firm could attain by the end of the tax year 
given production expenses, even if zero cash 
grain sales occurred. Conversely, with produc- 
tion expenses and “normal” production levels, 
the firm is unlikely to achieve a before-tax in- 
come level above $60,000. Thus, J, was discre- 
tized in increments of $20,000 from —$60,000 
to $60,000. ST, QM, XC, and XM, were dis- 
cretized in increments of 5,000 bushels because 
KCBT futures contracts are traded in 5,000 bushel 
increments. 

The above state space adequately represents 
the state space of the producer, in that the un- 
conditional probability of values occurring out- 
side the state space is small. Discretization of 
continuous state variables is based on a subjec- 
tive trade-off between computation require- 
ments and sensitivity of the optimal decision rule 
to changes in the level of state variables. How- 
ever, to minimize any bias associated with dis- 
cretization of continuous state variables, linear 
interpolation of the optimal value function [i.e., 
values of V,+; in the right-hand side of equation 
(1)] was utilized whenever the resulting state 
values in t + 1 did not exactly match the state 
space described above. 

Critical production characteristics for this rep- 
resentative firm are farm payment acreage and 
crop production acreage of 1,000 acres; variable 
per acre production costs incurred in May 
(spraying), August (harvest), and September 
(planting) of $6, $6, and S36.32, respectively; 
overhead costs of $35,800/12 are charged for 
each month; and storage capacity (SC) of 40,000 
bushels. Production costs are primarily based on 
Economic Research Service production costs for 
hard red winter wheat in the Northern Plains. 
Commission costs of $37.50 are incitred for each 
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one-way trade of a 5,000 bushel futures con- 
tract. An initial margin of $1,500 is required for 
each futures contract. Margin money require- 
ments increase or decrease with futures price 
movements in order to maintain the initial mar- 
gin cushion of $1,500 per contract, or $.30 per 
bushel. Thus, the margin expense or revenue in- 
curred each month is the interest paid (0.5% each 
month) on the net balance in the producer’s 
margin account. Other than the margin expense 
or revenue realized each month, the loss or profit 
on futures price movements does not accrue to 
before-tax income until a futures position is closed 
out. 

Yield is estimated as a function of a time trend 
using annual Montana winter wheat yields from 
1962 to 1987 (period of available data). Be- 
cause 1985 was an unusually dry year compared 
to the other years in this period, a dummy vari- 
able was included for 1985. The following 
equation was estimated for Montana winter wheat 
yields (t-values are given in parentheses) 


(17) 
Y,= 26.985 + .2361-AT,— 16.42- D85, 
(19.437) (2.460) (—4.646) 
R = 472 D-W = 1.533, 


where Y, is yield (bu. /acre) (Crop Production), 
AT, is an annual time trend variable (1962 = 1), 
D85, is a dummy variable for 1985 (1 if 1985, 
O otherwise), R? is the adjusted coefficient of 
determination, and D-W is the Durbin-Watson 
statistic. Y, is utilized to determine production 
(Q,) and anticipated production (AQ,) in the SDP 
model formulation. Thus, both Q, and AQ, are 
simply Y, multiplied by 1,000 acres. 

Deficiency payments are distributed equally 
throughout the year as follows: 


(18) DEF, = (TP, — P): FPP/12; 
if P, < TP, else 
DEF, = 0 


where DEF, is the deficiency payment received 
by the producer, TP, is the target price ($4.38, 
$4.23, $4.10, and $4.00, prior to 1987, 1988, 
1989, 1990 and beyond crop marketing years, 
respectively), and FPP is farm program pro- 
duction, set at 30,000 bushels. Equation (18) is 
a proxy to actual deficiency payments because 
P, is used to approximate the average national 
winter wheat price. Also, caution should be ex- 
ercised in using DEF, when prices are above and 
below TP, for the crop marketing year because 
the actual annual payment would be somewhat 
less than the cumulative monthly payment in (18). 
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Montara has a relatively dry and cool cli- 
mate, and the loss in grain weight from reduced 
moisture content and/or spoilage is considered 
negligible. Also, the only cost associated with 
on-farm g-ain storage in this analysis is the time 
value of money associated with grain storage. 
Commerc.al grain storage was not considered. 

Invento-y financing costs of storage are cap- 
tured in tae SDP model through the discount 
factor. Even though the nominal interest rate for 
borrowed funds is undoubtedly greater than it 
would be for loanable funds, the after-tax dif- 
ferential im real terms is probably quite small. 
Also, offarm income, additional enterprises, 
and income tax management tools other than 
grain storege are not considered. 


Optimal Cash Grain Sale, Storage, and 
Hedging Decisions 


This section graphically presents optimal grain- 
marketing cecisions derived from the SDP model. 
Optimal prain-marketing decisions are pre- 
sented for April and December to illustrate the 
converged optimal grain-marketing decision rule 
generated for every month and state.’ April il- 
lustrates hedging decisions in relation to antic- 
ipated prodiction, and December illustrates the 
effects of imcome tax considerations on optimal 
cash grain żale and futures transactions.* 

Figure 1 dresents optimal marketing decisions 
for April where the state variables of cash price, 
basis, and storage vary. Because any short fu- 
tures position (@M,) in March must be closed, 
April always begins with no futures position. 
Thus, QM, equals zero in figure 1, and QM, equal 
to zero alsc implies that VM, equals zero. The 
state variab.e of before-tax income (F) is also 
fixed at $0.D0 in figure 1 because income tax 
effects are less pronounced early in the tax year 
compared tc months later in the tax year. 

In interpreting figure 1, legend lines of cash 
price in comunction with the basis level given 
on the horizcntal axis determine the optimal level 
of cash graim sales and futures transactions. For 
example, if “he current levels of cash price (P,), 


? Convergence of the decision rule was obtained in 60 states, or 
5 years. 

* Marketing decisions for additional months and scenarios are 
available from the authors upon request. Computation requirements 
for the model wee 166 minutes of CPU time on a CRAY X/MP- 
48, or about 100 times greater than the computation requirements 
for just a cash geain sale model as dore by Tronstad and Taylor 
(1989b). Thus, the incorporation of futures transactions into the 
grain-marketing decision greatly increases model complexity. 
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Basis Level ($/aushel) 
Optimal cash grain sales and futures transactions for April given a before-tax 
income level (7,) = $0.00, and quantity of March futures position (QM, = 0 bushels 


basis (B,), storage (ST,), before-tax income (/,), 
and short futures position (QM,) for the firm are 


$3.50 per bushel, $.60 per bushel, 5,000 bush- 
els, $0.00, and O bushels, respectively, Panels 
A and D indicate that the firm should incur 0 
bushels of cash grain sales (point A,) and sell 
30,000 bushels of March futures contracts (point 


A,). However, if the storage level for the firm 

were 25,000 bushels instead of 5,000 bushels, 
Panels C and F indicate that the firm should in- 
cur 20,000 bushels of cash grain sales (point B;) 
and sell 35,000 bushels of March futures con- 
tracts (point B2). Since optimal marketing de- 
cisions are linearly interpolated and occur in 
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5,000 bushels increments, cash price line “kinks” 
often appear in figure 1 at points where the basis 
level was discretized, as described earlier. 
Results in figure 1 indicate that cash grain sales 
are generally preferred to hedging if the basis is 
less than $.35 per bushel. However, because the 
basis level in conjunction with the cash price 
determine whether cash grain sales, futures 
transactions, and/or storage is most profitable, 
no cash grain sales or positive futures transac- 
tions occur for the lowest cash price state of $2.25 
per bushel, even when the basis level is at its 
lowest (—$.75/bu.) or highest price state ($1.45/ 
bu.). For cash prices between $2.50 and $3.00 
per bushel, storage is always preferred to cash 
grain sales and positive futures transactions do 
not occur until the basis level is above $.85 per 
bushel. All of storage goes to cash grain sales 
for basis levels less than $.35 per bushel and 
cash price levels above $3.50 per bushel, whereas 
futures transactions occur at their upper limit 
whenever the basis and cash price levels are 
above $.60 and $3.50 per bushel, respectively. 
Because harvest will occur before the upcom- 
ing March futures contract matures, the SDP 
model allows the producer to hedge anticipated 
production (AQ,) in April (i.e., discrete amounts 
of AQ, from 0 to 30,000 in 5,000 bushel incre- 
ments). Therefore, the opportunity cost of sell- 
ing grain in storage on the cash market is less 
for April through August since AQ, can be sub- 
stituted for storage (ST,) to satisfy equations (9) 
and (10). Consequently, cash grain sales and fu- 
tures transactions are greater for April than pre- 
ceding months of the current tax year, given an 
initial storage level. Also, the time to maturity 
(TM) for March futures contracts is further away 
for April (i.e., eleven months) than any other 
month. Thus, ceteris paribus, higher basis lev- 
els are required to signal positive futures trans- 
actions for April than months which have a 
shorter time to maturity because TM, had a sig- 
nificant and positive coefficient in explaining the 
basis level. In general, the basis level must be 
about $.50 to $.75 greater for lower cash price 
states (less than $3.00) and about $.25 to $.50 
greater for higher cash price states (greater than 
$3.50) before hedging occurs at the same level 
for the month of April compared to months pre- 
ceding March that are in the current tax year. 
Figure 2 graphically depicts optimal cash grain 
sales and futures transactions for December. Be- 
cause the month of December is crucial for in- 
come tax considerations, the state variables of 
before-tax income (/,), basis (B,), and cash price 
(P,) vary in this figure. That is, the legend lines 
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of cash price in conjunction with the before-tax 
income state of the firm en the horizontal axes 
in figure 2 determine the optimal level of cash 
grain sales and futures transactions. For exam- 
ple, if the current levels of cash price, before- 
tax income, basis, storage, and short futures po- 
sition for the firm are $2.50 per bushel, 
— $40,000, —$.35 per bushel, 25,000 bushels, 
and 0 bushels, respectively, Panels B and E in- 
dicate that the firm should incur 20,000 bushels 
of cash grain sales (point A,) and not take any 
short futures position (point A,). 

Results in figure 2 demonstrate several factors 
in relation to the potential income tax liabilities 
of the firm. First, as seen in Panels A, B, and 
C, cash grain sales generally decrease as the be- 
fore-tax income level of the firm increases. This 
is because the marginal tax rate for the firm in- 
creases as the before-tax income level of the firm 
increases. Thus, grain storage is more generally 
profitable for a higher before-tax income state 
than a lower before-tax income state. However, 
as shown in Panel A of figure 2, cash grain sales 
increase for cash price states above $3.25 per 
bushel and before-tax income levels above 
$40,000. This is because the basis level (—$.15/ 
bu.) is not favorable for hedging transactions and 
the increase in the marginal tax rate is relatively 
small on additional grain sold if the before-tax 
income level is above $40,000. Consequently, 
futures transactions can decrease as the before- 
tax income level of the firm increases at low 
basis levels. 

Second, cash grain sales are greater for lower 
cash price states than higher price states at be- 
fore-tax income levels less than —$20,000. This 
is because cash grain sales for the high cash price 
states push the producer into a higher marginal 
tax bracket than the low cash price states. Also, 
cash grain sales are greater for December than 
preceding months at low cash price and before- 
tax income levels in order to take advantage of 
zero Or near zero marginal tax rates. That is, for 
months preceding December, the cash price might 
increase before the next tax year begins, whereas 
December is the last month of opportunity for 
selling grain in the current tax year. 

Although the effects of a March futures po- 
sition (VM,) or average transaction price (ATP) 
on optimal grain-marketing decisions are not 
graphically illustrated here, some general in- 
sights are noted. Results revealed that low ATP;,s 
usually have larger cash grain sales than high 
ATP,s, because the revenue generated from 
closing a short futures position is greater for high 
ATP,s than low ATP,s. This additional revenue 
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Figure 2. Optimal cash grain sales and futures transactions for December given a storage 
level (ST) = 25,000 bushels, and quantity of March futures position (QM, = 0 bushels 


tends to increase the marginal tax rate of the firm 
and decrease the after-tax profitability of addi- 
tional cash grain sales. Thus, lower optimal cash 
grain sales are generally given for higher AFP, 
states. 

The value associated with any short futures 


position tends to be dominated by basis, cash 
price, and before-tax income level effects when 
determining optimal futures transactions. How- 
ever, results suggest that lower ATP,s are less 
profitable for closing out part or all of a short 
futures position for lower before-tax income 
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levels. This is because less revenue is generated 
from closing out a short futures position with a 
low ATP, than a high ATP, and income tax ef- 
fects are not so dominating over the ATP, effect 
lat lower before-tax income states. 

_ Jn summary, results from the SDP grain model 
suggest that,not surprisingly, producers need to 
evaluate potential income tax liabilities as well 
as current market conditions when making grain- 
marketing decisions. To quantitatively evaluate 
the potential benefits from utilizing an SDP ap- 
proach for grain-marketing decisions compared 
to other grain marketing strategies, the next sec- 
tion compares the post-sample performance of 
an SDP marketing strategy to other more tra- 
ditional marketing strategies. 


Comparison of Stochastic Dynamic 
Programming to Other Grain-Marketing 
Strategies 


Profits are generated from August 1985 to Jan- 
uary 1989, depending on the initial before-tax 
income level and grain-marketing strategy fol- 
lowed.” Grain-marketing strategies considered 
were (a) 100% cash grain marketing with actual 
production divided equally for all months after 
harvest, (b) 100% utilization of futures con- 
tracts, (c) a minimum variance hedging ratio 
(MVHR) framework, and (d) the SDP model 
previously presented. 

A MVHR represents the futures position that 
minimizes the variance associated with unequal 
price changes in the cash and futures markets 
during the hedge duration for a given case po- 
sition (Witt, Schroeder, Hayenga). An MVHR 
framework is implementable since it does de- 
pend on individual preferences (Adler and De- 
temple), and the MVHR is equivalent to an op- 
timal hedging ratio under certain conditions 
(Heifner, Bond and Thompson). Utilization of 
a 100% cash or 100% futures marketing strategy 
would be equivalent to an MVHR strategy if 
the MVHR was 0 or 1, respectively. MVHRs 
were obtained by regressing annual cash price 
changes on futures price changes (e.g., see Witt, 
Schroeder, and Hayenga). 

Futures transactions were closed during the 
contract maturity month of March. Thus, in cal- 
culating MVHRs for the post-sample evalua- 
tion, an additional observation was available 


5 Expeases and revenues occur as described for the SDP model. 
Thus, the cash position is compounded monthly at a before-tax in- 
come rate of .5%. 
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every March so that the MVHR was recalcu- 
lated every year at this time. This procedure re- 
sulted in MVHRs of .6739, .6506, .8640, and 
.8778 for the time periods of March 1977 to 
March 1985, 1986, 1987, and 1988, respec- 
tively.” For the SDP framework, cash price and 
basis transition probabilities were reestimated 
every year at harvest.’ Grain-marketing deci- 
sions from following either an all cash, all fu- 
tures, MVHR, or SDP framework are illustrated 
in table 1. 

Because the SDP model considers income tax 
liabilities, different grain-marketing decisions 
were generated depending on the initial before- 
tax income level of the firm in August 1985. 
Thus, different initial before-tax incomes are 
given in table 1 to illustrate income tax effects 
on grain-marketing decisions. Because most of 
the production costs occur after harvest, starting 
before-tax income states less than ~$20,000 were 
not considered. 

For the 1985 tax year, starting with a before- 
tax income less than zero in August resulted in 


Ś In translating the continuous-static grain-marketing information 
of an MVHR into the discrete-dynamic nature of the hedging/pro- 
duction problem, the following steps were taken. First, actual pro- 
duction at the 1985 harvest was divided evenly between August 
1985 and March 1986 (maturity time). Production allocated for each 
month was multiplied by the hedge ratio- for the associated time 
period. A cumulative sum of the hedged amount for each month 
was startec in August; and, when the cumulative sum exceeded 
2,500 bushels, one March futures contract (5,000 bushels) was sold 
for that month. Similarly, when the cumulative sum exceeded 7,500 
bushels, a second March futures contract was sold, and so on. After 
the quantity of grain to be hedged for this period was determined, 
remaining grain was evenly distributed by cash prain sales between 
August 1985 and March 1986. Then, all futures contracts that were 
previously sold were bought back in March and this grain was sold 
in the cash market. Results were essentially the same when using 
the month of February instead of March to close out futures con- 
tracts. 

After March 1986, anticipated production was also utilized for 
making hedging decisions until harvest occurred. After harvest, the 
amount of grain hedged on anticipated production was subtracted 
from actual production. Then, this remaining grain was allocated 
between March futures contracts and cash grain sales as described 
above. The above grain-marketing prccedure was utilized for all 
subsequent years in determining the grain-marketing activity gen- 
erated by utilizing an MVHR framework or 100% utilization of 
futures. 

The above procedure does not represent tue MVHR. However, 
marketing decisions were also calculated from MVHRs that were 
updated monthly utilizing monthly differences of March futures 
prices. That is, in April the producer would make the initial hedge 
on anticipated production, and in August the producer’s hedge would 
be based on actual production. Futures transactions were rounded 
to 5,000-bushel increments. Because the results of this procedure 
were inferioz to the first procedure (i,e., on average, the cash po- 
sition was $9,924 less and the standard deviation of after-tax in- 
come was $5,476 more as presented in table 3), these results are 
not reported here. 

’ Equations estimated with data through August 1985, 1986, and 
1987 are quite similar to those with data estimated through August 
1988, i.e., equations (15) and (16). All equations are given in 
Tronstad and Taylor (1989a). 
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Table 1. Harvest, Storage Level, and Short Futures Position of the Firm Illustrated Fol- 
lowing Either an All-Cash, All-Futures, Minimum Variance Hedging Ratio (MVHR) or Sto- 
chastic Dynamic Programming (SDP) Strategy 


Storage Level 


All All SDP SDP SDP All SDP SDP 

Month Cash Futures MVHR  (-20)* (20) (60) Futures MVHR (~20 to 20) (40 to 60) 

Harvest 
(thou. bu.) -n-n------ nme enn n nnn ere ene am OO eo ~~ (thou. bu.) --------------------- 
16 

8/85 14,667 16,000 15,250 16,000 16,000 16,000 0 0 0 0 
9/85 13,333 16,000 14,500 16,000 16,000 16,000 5 5 0 0 
10/85 12,000 16,000 13,750 16,000 16,000 16,000 5 5 0 0 
11/85 10,667 16,000 13,000 0 6,000 11,000 10 5 0 0 
12/85 9,333 16,000 12,250 0 1,000 11,000 10 5 Q 0 
1/86 8,000 16,000 11,500 0 1,000 6,000 10 10 0 0 
2/86 6,667 16,000 10,750 0 1,000 6,000 15 10 0 Q 
3/86 5,333 0 0 O 1,000 6,600 0 0 0 0 
4/86 4,000 0 0 0 1,000 6,000 5 0 0 0 
5/86 2,667 0 0 0 1,000 6,000 5 5 0 0 
6/86 1,333 0 0 0 1,000 6,000 10 5 G 0 
7/86 0 0 0 0 1,000 6,000 10 5 0 0 
8/86 32 29,333 32,000 30,500 32,000 33,000 38,000 15 5 0 0 
9/86 26,667 32,000 29,000 32,000 33,000 38,000 15 10 0 0 
10/86 24,000 32,000 27,500 32,000 33,000 38,000 20 10 0 0 
11/86 21,333 32,000 26,000 32,000 33,000 38,000 20 15 0 0 
12/86 18,667 32,000 24,500 7,000 8,000 23,000 25 15 0 0 
8/88 19 17,417 19,000 18,500 24,000 24,000 29,000 10 10 20 25 
9/88 15,833 19,000 18,000 24,000 24,000 29,000 10 10 20 25 
10/88 14,250 19,000 17,500 24,000 24,000 29,000 15 15 20 25 
11/88 12,667 19,000 17,000 24,000 24,000 29,000 15 15 20 25 
12/88 11,083 19,000 16,500 19,000 19,000 29,000 15 15 15 25 
1/89 0 0 0 0 0 0 0 0 0 0 


* Numbers in parentheses refer to the initial before-tax income level, e.g., (~—20) refers to —$20,000. 


a strategy where all of the grain that was har- 
vested should be sold in the current tax year. 
However, starting with a before-tax income of 
$60,000 yielded a decision of selling only 5,000 
bushels in the cash market for the current tax 
year. This demonstrates the importance of sell- 
ing grain in storage to capitalize on low mar- 
ginal tax rates and maintaining storage at rela- 
tively high marginal tax rates to reduce income 
tax liabilities. Winter wheat cash price levels were 
relatively low throughout 1986 so that cash grain 
sales did not occur in the SDP marketing strat- 
egy until December. Thus, even though the cur- 
rent cash price was relatively low, the after-tax 
profitability of selling some grain at a low mar- 
ginal tax rate resulted in positive cash grain sales 
for December 1986. Cash prices continued to be 
relatively low throughout 1987, so the storage 
capacity of the firm (40,000 bu.) was reached 
in August 1987 with a harvest of 36,000 bush- 
els. Thus, depending on the initial before-tax in- 
come for the SDP strategy, forced cash grain 
sales between 3,000 and 19,000 bushels oc- 
curred in August 1987. Cash price and basis 
levels moved upward through the latter part of 
1987, and March futures contracts were sold in 


October, November, and December utilizing the 
SDP framework. 

As a result of widespread low soil moisture 
conditions in May of 1988, grain prices moved 
upward. This increase in prices indicated that 
march futures contracts and cash grain sales 
should occur under the SDP strategy. However, 
because of the severity of the drought, cash and 
futures price levels continued to rise throughout 
the summer of 1988. Because actual production 
at harvest was substantially less than that antic- 
ipated, the firm was forced to buy back some 
March futures contracts in August so that the 
short futures position of the firm would not ex- 
ceed grain storage. Buying back March futures 
contracts at a much higher price in August and 
later on (including the termination point) re- 
sulted in a substantial before-tax income loss 
(anywhere from $13,224 to $23,948) for the SDP 
framework. 

Also, the SDP decision rule with the highest 
initial before-tax income had the most grain in 
storage carried over every tax year because the 
benefit from storing grain into the following tax 
year is greater at high than low before-tax in- 
come states due to the progressive marginal tax 
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structure. Similarly, the short futures position of 
the firm was greater for the high than low initial 
before-tax incomes because.cash grain sales are 
less lucrative for the high than low initial be- 
fore-tax income levels. 

Table 2 illustrates the cash position of the firm 
for the marketing strategies reported in table 1. 
Throughout most of the period, the cash posi- 
tion of the firm for the SDP framework is below 
(above) other grain-marketing strategies consid- 
ered if the initial before-tax income was rela- 
tively high (low). This is because grain storage 
or less cash grain sales are desireable to reduce 
the income tax liabilities of the firm given a high 
initial before-tax income level. Conversely, cash 
grain sales are more desireable at lower initial 
before-tax income levels. 

Table 3 analyzes the above marketing strat- 
egies by giving the mean and standard deviation 
of after-tax profits for the August 1985 through 
December 1988 period, the before-tax termi- 
nation money received in January 1989 from 
closing out any outstanding futures position and 
selling all grain in storage on the cash market, 
the cash position of the firm at January 1989. 
The table also indicates the marginal tax rate that 
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would be required on all the excess before-tax 
termination income received in January from the 
SDP strategy over other strategies so that equal 
after-tax terminal wealth values would exist in 
January 1989. Thus, marginal tax rate figures 
for equality are calculated by dividing the dif- 
ferential in cash position on January 1989 with 
the differential of before-tax termination income 
received in January 1989, given that the SDP 
strategy received a higher before-tax termina- 
tion value in January than the alternative strat- 
egy compared. 

Results in table 3 show that the mean of after- 
tax income for the SDP strategy in the four tax 
years considered is sometimes less than that 
produced from the other marketing strategies. 
However, because of the additional revenue re- 
alized from selling all grain in storage and clos- 
ing all futures positions at January 1989, the cash 
position of the firm at the termination point is 
anywhere from $5,961 to $25,021 higher for the 
SDP decision rule than all of the other market- 
ing strategies considered. Also, 32% is the low- 
est marginal tax rate that would be required on 
all of the additional before-tax income received 
from the SDP strategy over all other strategies 


Table 2. Cash Position of the Firm Illustrated Depending on the Initial Before-Tax Income 


Level and the Marketing Strategy Followed 





Initial Before-Tax Income = —$20,000 


Initial Before-Tax Income = $60,000 





All All All All 
Montt. Cash Futures MVHR” SDP Cash Futures MVHR SDP 
8/85 — 24,883 -29,083 —26,721 —29 ,083 55,517 51,317 53,679 51,317 
9/85 — 59,978 ` —68,570 —63,758 —68 532 20,824 12,232 17,044 12,270 
10/85 — 58,861 —71,893 — 64,582 —71.858 22,345 9,313 16,624 9,348 
11/85 —57,472 —75,276 —65,266 —19.201 24,140 6,336 16,346 23,911 
12/85 —43, 116 —65,676 —52,994 —9,320 27 ,000 12,698 20,849 23,986 
1/86 ~41,715 —68,981 —53,693 — 12,350 28,751 9,785 20,520 38,373 
2/86 40,574 apa FAREY] —34,500 —15,395 30,245 6,823 20,083 35,582 
3/86 -29 640 — 14,608 —13,973 —8,735 41,533 64,948 60,984 42,496 
4/86 ~~ 28,505 — 17,702 — 17,026 —11,762 43,024 62,252 58,305 39,725 
5/86 — 33,364 —26,777 —26,132 —20,804 28,522 53,577 49,576 30,941 
6/86 —33,247 —29,927 —29,235 —23,892 28,998 50,828 46,852 28,112 
7/86 — 15,294 — 15,082 — 14,383 —9,025 £7,313 66,077 62,084 43,239 
8/86 — 18,353 —24,174 —20,054 — 18,053 $4,617 $7,391 56,795 34,472 
9/86 — 51,748 — 63,583 —56,108 —57,447 21,586 18,390 21,125 —4,659 
10/86 —48,991 —66,911 —55,985 —60,717 24,711 15,472 21,635 —7,666 
11/86 —45,952 —70,213 —55,747 — 64,904 28,118 12,581 22,260 — 10,687 
12/86 ~ 25,345 ~53,163 — 36,946 8,300 47,519 28,371 39,812 40,045 
8/88 67,731 63,518 68,366 66,342 146,413 151,616 150,849 126,509 
9/88 34,308 24,517 31,137 27,319 113,383 113,056 114,033 87,824 
10/88 37,434 21,597 30,123 24,408 116,905 110,579 113,433 85,250 
11/88 40,733 18,716 29,208 21,499 123,602 108,142 112,934 82,682 
12/88 39,514 7,258 20,256 37,845 117,706 95,148 102,544 81,348 
1/89 83,847 76,335 78,919 100,870 162,039 164,225 161,206 185,669 


* MVHR and SDP refer to minimum variance hedging ratio and stochastic dynamic programming, respectively. 
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Table 3. Performance Comparison of Four Different Marketing Approaches over the Au- 
gust 1985 to December 1988 Period 


Before-Tax 
Accumulated Standard Termination Cash Marginal 
(August 1985) after-Tax Mean of Deviation of Value in Position Tax Rate for 
Initial before- Profits at after-Tax after-Tax January at Jan. Equality 
Tax Income Dec. 1988 Income Income 1989 1989 with SDP 
Meemmmmnrenem=m mnene nnn emmenee mnene ($) -=== (%) 
Ali Cash 
—20,000 39,513 9,878 31,566 44,333 83,847 91 
0.00 62,475 15,619 23,297 44,333 106,809 80 
20,000 85,384 21,346 15,607 44,333 129,718 32 
40,000 103,325 25,831 10,326 44,333 147,559 40 
60,000 117,706 29,426 7,901 44,333 162,039 39 
All Futures 
—20,000 7,258 1,814 39,630 69,077 76,335 NA° 
0.00 30,261 7,565 31,292 69,077 99,338 NA 
20,000 53,257 13,314 23,088 69,077 122,334 NA 
40,000 76,246 19,061 15,233 69,077 145,323 74 
60,000 95,147 23,787 9,657 69,077 164,225 61 
Minimum Variance Hedging Ratio 
—20,000 20,256 5,064 33,915 58,663 78,919 503 
0.00 43,054 10,764 25,495 58,663 101.717 460 
20,000 65,852 16,462 17,204 58,663 124,514 256 
40,000 87,437 21,859 9,808 58,663 146,100 55 
60,000 102,543 25,636 5,917 58,663 161,206 54 
Stochastic Dynamic Programming 
—20,000 37,844 9,461 11,258 63,026 100,870 
0.00 58,718 14,680 4,341 63,026 121,744 
20,000 72,654 18,163 3,516 63,026 135,679 
40,000 67,023 16,756 3,837 104,321 171,344 
60,000 81,348 20,337 4,563 104,321 185,669 


Note: Accumulated after-tax profits of the firm through December 1988, the mean and standard deviation of after-tax profits realized, 
the before-tax termination money received in January 1989 from closing out any outstanding futures position and selling all grain in 
storage on the cash market, the cash position of the firm at January 1989, and the marginal tax rate that would be required on all the 
excess before-tax termination income received in January from the stochastic dynamic programming (SDP) strategy over other strategies 
so that equal after-tax terminal wealth values would exist in January 1989. 

* NA signifies not applicable because the SDP strategy has a lower before-tax termination value in January than this case. 


compared, and this tax rate is still relatively high. 
Furthermore, the standard deviation of after-tax 
income is less for the SDP approach than all other 
marketing strategies considered. This result is 
undoubtedly due in part from the SDP frame- 
work incorporating the progressive income tax 
structure into grain marketing decisions. It also 
demonstrates that the variability of after-tax in- 
come is not increased from utilizing an SDP 
framework of grain-marketing strategies, even 
though risk aversion is not explicitly incorpo- 
rated into the model. Thus, the SDP strategy 
outperformed all of the other strategies in ac- 
cumulating wealth and minimizing risk. 


Concluding Comments 


Results of this study suggest that cash grain sales 
are most advantageous for grain producers when 


basis levels are low and the before-tax income 
level of the firm is relatively low. Because of 
discounting and the progressive marginal tax 
structure, income tax considerations are most 
pronounced toward the end of the tax year. 
Therefore, at low cash price and low before-tax 
income levels, cash grain sales are relatively 
higher at the end of the tax year than at the be- 
ginning of the tax year. If the before-tax income 
level of the firm is relatively high, the producer 
can still take advantage of favorable cash price 
levels without increasing the current income tax 
liabilities of the firm by hedging grain on a fu- 
tures contract that will mature in the following 
tax year. 

Increased storage levels are more conductive 
to larger cash grain sales and increased hedging 
activity. However, cash grain sales tend to in- 
crease the most at lower before-tax income lev- 
els, and futures transactions tend to increase the 
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most at higher before-tax income levels. In- 
creasing the short futures position of the firm 
generally results in decreased cash grain sales 
and futures transactions because of the legiti- 
mate hedging constraint (1.e., short futures po- 
sition of the firm cannot exceed the level of grain 
storage plus anticipated production before ma- 
turity or forty thousand bushels). 

Changes in optimal grain-marketing decisions 
from the 1986 Tax Reform Act would undoubt- 
edly be to store less grain because of lower mar- 
ginal income tax rates, as concluded in Tronstad 
and Taylor (1989b). However, the reduction in 
storage from tax reform would be less for the 
model utilized in this analysis which also con- 
siders hedging. This reduction is especially true 
for basis levels above approximately $.35 per 
bushel, or whenever a combination of hedging 
and storage is indicated to be a favorable tool 
for reducing income tax liabilities. 

Depending on the initial before-tax income 
level and marketing strategy, a stochastic dy- 
namic programming (SDP) framework accu- 
mulated from $5,961 to $26,021 more wealth 
than all other grain-marketing strategies consid- 
ered for the August 1985 to January 1989 pe- 
riod. Also, profits generated from the SDP ap- 
proach would have been much larger if the 1988 
drought had been less severe; the drought caused 
Marck futures contracts sold in May and June 
to be bought back at a much higher price. Fur- 
thermore, all other marketing strategies yielded 
a standard deviation of after-tax income from 
30% to 621% greater than that from the SDP 
framework. Thus, the SDP approach to grain- 
marketing decisions outperformed more tradi- 
tional grain-marketing approaches which do not 
consider the dynamic and stochastic elements 
associated with income taxes. 


[Received July 1 989; final revision received 
April 1990.] 
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Price Changes, Supply Elasticities, 
Industry Organization, and Dairy 
Output Distribution 


Adesoji O. Adelaja 


Long-run price elasticities of milk supply are decomposed into price elasticities of yield, 
herd size, and farm population. For northeastern U.S. dairy farms, these elasticities are 
shown to vary with farm size because of size-related differences in capital intensity, 
specialization, yield and herd size variability, and rates of entry/exit into dairy. In the 
short run, price responsiveness is shown to decrease with farm size. In the long run, 
large farms are shown to be most price responsive. Results suggest that lower milk 
prices could make revenue distribution less equal in both the short and long run by 


altering output and population distributions. 


Key words: dairy revenue distribution, herd size, population, supply elasticity. 


In the postwar years, the federal milk price sup- 
port program played an important role in U.S. 
milk pricing and output regulation. The program 
stimulated much of the increases in real milk 
prices, total dairy output, and total dairy herd 
size from the mid-1960s to the early 1980s 
(Gardner). The program was also partly respon- 
sible for the declines in real milk prices, total 
milk output and total dairy herd size in the U.S. 
since the 1983 Dairy and Tobacco Adjustment 
Act (Klemme and Chavas). Since the passage 
of the 1983 act, agricultural economists and pol- 
icy makers have more actively debated the im- 
pacts of price support policies and declining milk 
prices on the dairy industry (Gardner). 

To examine the impacts of milk price changes, 
Chavas and Klemme, Klemme and Chavas, and 
Kinnucan and Forker recently revisited earlier 
studies by Halvorsen; Chen, Courtney, and 
Schmitz; Wipf and Houck; and Levins on milk 
supply response. The more recent, as well as the 
older, studies focused only on aggregate short- 
and/or long-run price elasticities of supply but 
ignored the possibility that supply response could 
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vary with farm size. The only disaggregate study 
of responsiveness to price changes in the dairy 
industry focused on input demand adjustments 
of dairy farms (Hoque, Adelaja, and Ganguly).’ 

A correlation between price responsiveness and 
farm size might exist for several reasons. First, 
because capital intensity and specialization are 
likely to increase with farm size, the ability to 
vary cost and therefore output in the short run 
(in response to a price change) should decrease 
with firm size (Oi). Second, because the finan- 
cial ability of a farm and thus its ability to vary 
fixed inputs (e.g., herd size) beyond the short 
run (in response to a price change) are likely to 
be directly correlated with its size, long-run 
supply responses of dairy farms may not be ho- 
mogenous. Third, by encouraging firm entry 
(exit) into (from) dairy (Baumol, Panzar, and 
Willig 1982; Baumol), a price change can affect 
firm population. The rates at which such entry 
and exit occur and the rates at which incumbents 
change their sizes (crossover entry/exit) may vary 
with farm size grouping because sunk costs, 
which are barriers to entry/exit, may vary with 
farm size (Dunne, Roberts, and Samuelson). 
Because the long-run supply response encom- 
passes the effects of prices on farm population 


! Hoque, Adelaja, and Ganguly showed that input demand func- 
tions of dairy farms become more inelastic as farm size increases. 
Silberberg offered a theoretical explanation of the inverse relation- 
ship between input demand elasticities and firm size in competitive 
industries. 
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and farm size (Kislev and Peterson), it could also 
vary with herd size. Thus, aggregate short- and 
long-run supply elasticities may be misleading 
if they do not reveal farm-level supply re- 
sponses. 

By focusing on aggregate measures of short- 
and long-run milk supply elasticities, agricul- 
tural economists may have ignored several im- 
portant effects of milk price changes. One effect 
involves the impacts of milk prices on the dis- 
tribuzion of farm population by size. Knowledge 
of this is important in understanding the dynam- 
ics of dairy farm population, why farms enter 
and leave the dairy industry, and why some farm 
operators switch easily from farm to off-farm 
income. It could also be useful in planning gov- 
ernment programs and services whose distribu- 
tion is based on farm size. A second effect in- 
volves the differential impacts of milk prices on 
herd sizes and the relative differences among 
farms in potential herd expansion. Knowledge 


of these effects is useful in understanding the . 


process of farm consolidation on dairy farms. 
Third are the differential impacts of milk prices 
on dairy output or revenue, which have equity 
implications for price related policies. Fourth are 
the differential impacts of milk prices on yield, 
which have implications for observed yield dif- 
ferences among farms. An understanding of all 
these aspects of price changes can enrich policy 
deliberations by enabling policy makers to con- 
sider both the aggregate and distributional ef- 
fects of price changes and support policies. 

The objective of this paper is to account for 
all the effects of dairy price changes discussed 
above. Specifically, the paper (a) conceptual- 
izes the relationships between farm size and short- 
run/long-run output responsiveness, (b) pre- 
sents a theoretical model for decomposing long- 
run supply elasticities into their components (the 
elasticities of yield, herd size, and dairy farm 
population), (c) presents a theoretical model for 
evaluating the output and revenue redistribution 
effects of price changes, (d) introduces the issue 
of equity into the price support debate, and (e) 
applies the models to pane! data on a sample of 
northeastern U.S. dairy farms. 


‘ame 


Supply Elasticity and Firm Size 


This section conceptualizes the relationships be- 
tween long-run elasticities of supply, short-run 
2lasticities of supply, elasticities of yield, elas- 
ticities of herd size, and elasticities of popula- 
tion. It also conceptualizes how these elasticities 
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vary with farm size. The analysis draws on re- 
cent work on the effects of dairy price changes 
(Chavas ard Klemme), on output flexibility the- 
ory (Mills and Schumann), and on contestability 
theory (Baumol). 

If dairy tarms cannot change the scales of their 
operations in the short run and if farm popula- 
tion cannot change in the short run, the only short- 
run outcome of a one-time price increase will 
be increased cow yield or output per cow (Cha- 
vas and KEmme).’ This implies that the aggre- 
gate short-run price elasticity of supply (7) is 
equal to the aggregate short-run price elasticity 
of yield (+). Chavas and Klemme showed that 
virtually all output adjustments (97%) made be- 
yond the short run are accomplished through 
changes in total industry herd size (H). Thus, 
the short- end long-run price elasticities of yield 
are virtuall~ equal, and output adjustments made 
beyond the short run are accomplished only 
through ad.ustments in the herd size of the av- 


‘erage farm (Ë or average herd size) and in the 


number of farms (N). This is because H = 
N). 

Baumol’; theory of contestable markets and 
Kislev and Peterson’s work on effects of price 
changes support the argument that output ad- 
justments made beyond the short run involve in- 
creased farm population. That is, price increases 
(decreases) encourage entry and/or herd size 
expansion texit and/or herd size contraction) if 
the market is competitive (Baumol, Kislev and 
Peterson). -f one assumes that herd size proxies 
all fixed inputs, the difference between the mea- 
sured value of 7 and the measured value of ag- 
gregate long-run supply elasticity (y*) will be 
the aggregete price elasticities of average herd 
size (A) anc of farm population (8). That is, * 
=} +68+ y=A+ B+ n The entire short- 
run adjustment in output will be captured in n, 
while the entire “beyond the short-run” output 
adjustment will be captured in A + B. 

Ladd anc Martin cite the following reasons 
why 7* = ņ or why A + B = Q: (a) the fixity 
of some induts in the short run, (b) imperfect 
knowledge or uncertainty, and (c) habit. First, 
because not all inputs are variable in the short 


? Chavas and Klemme demonstrated this by showing that 100% 
of all short-run cutput adjustments of dairy farmers to a price change 
are accomplished through changes in vield. 

? Output (Q) = output per cow (Y) times number of cows per 
farm (H) times aumber of farms (N). Thus, 3 In O/d In P = 2 In 
Y/ in P + 8 In H/d in P + 6 In N/6 in P, where P is price and 
In is the natural log operator. Therefore, n* = 7 + A + B and 7* 
~ n = A + B ifit is assumed that herd size and other fixed inputs 
are used in fixec proportion. 
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run (input fixity), the ability to vary output in 
the short run is more limited (limited to y). Sec- 
ond, because producers may not be immediately 
aware of a price change (imperfect knowledge), 
output responsiveness is lower in the short run. 
Besides, producers may view short-run price 
changes as transient and therefore avoid costly 
investments or disinvestments such as herd size 
changes until it is confirmed that a price change 
is permanent. Third, producers may be so ac- 
customed to current output and input levels (habit) 
that it takes some time to adjust output when 
price changes. 

_ Assume that farms can be grouped by herd 
size and denote the disaggregate counterparts of 
the elasticities discussed above as n¥, ns Yp Bi 
and y; The subscript i implies elasticities for 
farms in the ith size group. It will be shown be- 
low that each aggregate measure (y*, 7, A, Y, 
or B) is the weighted average of its disaggregate 
counterpart (7*, 7;,:A;, Yo or B), whether or not 
the disaggregate one varies with farm size 
grouping. Note also that 4* = y; and that A; + 
B: = 0, for each i (Chavas and Klemme, Ladd 
and Martin). The rest of this section concep- 
tualizes how 7¥, 7;, À; Yp and B; vary with herd 
size grouping. 


Short-Run Supply Elasticity and Firm Size 


In a competitive industry such as dairy, the short- 
run supply function for a firm is the portion of 
the marginal cost function that lies above the 
average variable cost function. The steeper the 
marginal cost function, the more inelastic the 
supply function and the more curved the aver- 
age cost function (Stigler). Smaller firms will 
have flatter average cost functions and more 
elastic short-run supply functions, while larger 
firms have smaller n; because they are less di- 
versified and use more capital-intensive and 
specialized technologies (Mills .and Schu- 
mann).*” | 


4 The reasons for this are as follows (Oi): Labor is relatively ex- 
pensive, while capital is relatively inexpensive for large producers. 
The shadow value of managerial -time is high for large firms be- 
cause their managers have superior managerial ability and because 
their complex machinery-intensive technologies require special- 
ized, highly paid, and highly skilled labor. Capital-intensive tech- 
nologies have high adjustment costs, are less flexible, and are more 
efficient at high levels of output. Small firms choose labor-inten- 
sive technologies because wage rates they pay to the unskilled workers 
they employ are low. 

> Because some large dairy farms are diversified, an alternative 
hypothesis is that small farms are less output flexible. Output flex- 
ibility arising from diversification on large farms, however, is likely 
to be overshadowed by the inflexibility arising from low-capital 
intensity given that relatively few large farms are diversified (Trem- 
blay). 
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These conditions hold for U.S. dairy, wher 
large producers tend to utilize more capital-in 
tensive technologies, more specialized technol 
ogies, and better skilled labor relative to smalle 
farmers. Besides, the evidence that increas 
capital/labor ratio, farm consolidation, and her 
expansion have occurred simultaneously on dairy 
and other farms in the United States (Antle, 
Binswanger, Kislev and Peterson, Hoque and 
Adelaja) suggests that capital-intensive and in- 
flexible technologies are synonymous with large- 
scale farming. Large dairy farms may be less 
capable of varying inputs, and thus output, in 
the short-run because more of their costs are 
fixed. The tendency of small dairy farms to rely 
more on off-farm income and to switch to off- 
farm employment when price falls (Adelaja and 
Rose; Salant, Smale, and Saupe) also suggests 
that small farms have larger 7;. 


Long-Run Supply Elasticity and Firm Size 


Both A, and &; capture delayed (beyond the short 
run) reaction because of input fixity, uncer- 
tainty, imperfect knowledge, and habit (Ladd and 
Martin). Differences in A; and 8, among farms 
can be explained in part by differences in farm- 
ers’ abilities to implement their reactions (de- 
grees of fixity of assets, inputs, or technology). 
For example, the ability to vary herd size should 
be related to financial considerations. Larger and 
more capital-intensive farms, with greater bor- 
rowing capacity, should be more capable of 
varying herd size so that A; increases with herd 
size. If B; is constant as size increases, the pro- 
portion of the total adjustments to a price change 
occurring in the short run would be greater for 
small farms than for large farms. Also, while 
nës would be more similar for small and large 
farms than 7,8, the adjustment period would be 
shorter for small farms. 

To examine the relationship between herd size 
and B;, suppose the market is perfectly compet- 
itive and thus perfectly contestable (Baumol). 
The industry will be vulnerable to hit-and-run 
entry because firms can enter when price in- 
creases and exit possibly even before price de- 
creases.° The probabilities as well as rates of en- 
try (exit) into (from) farming at various levels 


° A purely competitive market is purely contestable (Baumol). 
Free entry and costless exit imply no cost discrimination against 
entrants or exitants beyond normal user costs and depreciation. Po- 
tential entrants are at no risk of any retaliatory price adjustment 
action by incumbent firms, and economic profit will be zero for all 
firms at long-run competitive equilibirum. 
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of size should be similar (8; is constant but > 
0) if there are no economies-of-scale advantages 
to large-scale production.’ 

In real life, sunk costs usually represent bar- 
riers to free entry and costless exit (Baumol and 
Willig; Baumol, Panzar, and Willig 1983; 
Weitzman). Sunk costs, which are a proportion 
of fixed costs (Baumol, Panzar, and Willig 1983), 
should increase with size. This relationship and 
the direct correlation between the degree of risk 
and firm size (Hall and Weiss, Mills and Schu- 
mann) suggest that 8; decreases with firm size 
if returns to scale are constant (CRS). 

When long-run average cost is declining, the 
relationship between f; and herd size is less clear. 
Increasing returns to scale, by itself, implies that 
B: increases with firm size. For example, Kes- 
sides showed that entry increases with the de- 
gree of profitability of incumbents. Panzar and 
Willig’s analysis also suggests this relationship. 
If profitability increases with firm size (Hall and 
Weiss) as a result of economies of scale, entry 
or exit encouraged by a given price change will 
increase with firm size if there are no sunk costs. 

The evidence on economies of scale in dairy 
farming (‘particularly Northeastern dairy) sug- 
gests almost constant returns to scale (Hoque and 
Adelaja; Matulich; Hoque, Adelaja, and Gan- 
guly) and an inverse relationship between the 
elasticity of population (8;) and farm size. Small 
farms’ greater reliance on off-farm income and 
their greater flexibility in switching from farm 
to off-farm income further suggests that these 
farms may be more capable of hit-and-run en- 
try." In conclusion, the expectation for the dairy 
industry is that short-run supply elasticity (n;) 
and population elasticity (B;) decrease with farm 
size while the elasticity of average herd size (A,) 
increases with farm size, but that n¥ = 7; + À; 
+ B: The long-run impact of price changes on 
output is decomposed into the short-run impact 
(n), the elasticity of average herd size (A,), and 
the elasticity of population (8;) in the next sec- 
tion to allow the examination of the impact of 
price changes on output distribution. 


Price Changes and Output Distribution 


Assume that dairy farms can be grouped into n 
groups based on herd size (e.g., 0—39, 40-79, 


7 Dunne, Roberts, and Samuelson provided empirical evidence 
that entry and exit rates are directly correlated and that both are 
higher for small producers vis-a-vis large ones. 

8 Entry and exit could be so frictionless for small producers that 
they contribute to short-run output flexibility (Baumol). 
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and 80 and above milk cows). Further, assume 
thet milk cows and all other fixed inputs are used 
in fixed proportions so that herd size proxies all 
fixed inputs or enterprise scale. Denote total 
output of farms in the ith group as Q; and total 
output of all farms as Q. Furthermore, assume 
that each of the ith groups has m; farms such 
that the total number of farms in the industry 


- (N) is 27-1; and the population share of farms 


in the ith group is m,/N. Thus, Q; = mO; 
and Q = XLO; = =.4m,Q,, where Q; is the out- 
put of the average farm in the ith group. 

Denote the yield of the average farm in the 
ith group as Y;, the total number of milk cows 
on farms in the ith group as H;, and the herd 
size of the average farm in the ith group as H; 
such that H; = m,H;. Total herd size in the in- 
dustry (H) is SH, = S mA, and the ith 
group’s share of H(a;) is H; JH = m,H,/H. Note 
that O, = AY, that Q; = mi, and that av- 
erage indusiry herd size (H) is H/N. Total in- 
dustry output is 


(1) O= > Q= > mAY, 
i=] i=] 


The share of total output contributed by farms 
in the ith group (S;) is 


(2) S: = £ =, 


where 2}..,5; = 1. Assuming further that all pro- 


ducers are price takers who receive the same price 
(P), the total aggregate supply elasticity (IT) is” 


(3) 





m= 228. 


éinP i 
(= a 
3 + + 

ð ln P ð ln P 


i 


= > sm + $ sa + > s6. 


In (3), I includes the farm population (entry and 
exit from cutside the industry, and cross-over 
tyoe of entry and exit), herd expansion (increase 


co 
a ln P 








f Since Q = TiO), dQ = TiidQ, d0/Q = d hn Q = 
Ei- (2:1/QXdQ;:/Q) = Y.iSd in Qu. Therefore, 2 In Q/d In P = 
Zis, 3 In Q;/8 In P. Since Q; = mH, 3 m Q/3 In P = 2 in 
m,{d ln P + ð ln A/a in P + ð ln Y,/a ln P. Therefore, ð In Q/ 
ð hn P = E} Sd( In m;/3 ln P) + (8 In A,/d In P) + (3 In Y,/d 
In P)] = BiS AB + À + Yi. 
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in herd size not sufficient to create crossover), 
and yield (increase in output at constant levels 
of herd size) effects of price changes. "° 

Because N = %;_,m,, the aggregate price elas- 
ticity of population (8), which measures the net 
change in total farm population from a price 
change, is 


dinN 
ainP 


L mð ln m; 
m N ðlnP 


DI D 


where >;_,b; = 1. Note that b; # S;. Also, be- 
cause H = Sym, Ĥ, and H = S» (m, H,/N), the 
aggregate price elasticity of average herd size 
(A), which measures the net change in average 
industry herd size due to a price change, is 








(4) B= 











nå H,aind, 
(5) à= = Moers 
-_H,alnH,; ~ 
=), = ), aA; 2, SiAn 
Der ane 
where 27_,a; = 1 and a; # S; ~ b;. Also, define 


the industry’s average yield (Y) as D7_,S,Y; and 
obtain the price elasticity of aggregate industry 
yield (y), which measures the net increase or 
decrease in yield (via increased output at con- 
stant fixed inputs) as a result of a price change, 
as 


ný g 
(6) r= => 5; 


i=] 








din¥y, < 

a S; i 
‘InP 2, a 
Now, consider what Yy;, A;, and B; measure 


when estimated from grouped data on a sample 
of farms. The value of y; would measure the 


increase in yield as a result of a price increase . 


for a representative farm in the ith group when 
herd size is held constant. Increases in yield when 
herd size is held constant does not imply cross- 
over. On the other hand, A; measures the in- 
crease in the herd size for the same farm when 
crossover does not happen. Such an increase ac- 
crues beyond the short run (Chavas and Klemme). 
Because some farms are located close to their 
boundaries, a change in herd size can move them 
into the next herd size category and can affect 
the population of the next category (crossover 
entry and exit). 6; is a convolution of the effects 
of price changes on population via crossover en- 





10 Crossover entry is defined as entry into a group as a result of 
exit from another group. 
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try and exit (by incumbents) and entry and exi 
in and out of the industry. 

Because the group with the largest farms 1 
unbounded from above (e.g., 80 cows to infin 
ity), the value of 8; obtained econometrically fro 
grouped data for this group may be high (eve 
higher than A, for other groups) because farm 
can only enter when price increases. This, how 
ever, would not necessarily imply an upward bi 
in the value of 8;. The high 8; value for thi 
group would simply reflect the absence of an 
upper bound. hes | 

Considering that S; = m,H;Y,/Q, the price 
elasticity of output share (e;) is 

















ðln S; lnm, ð Ind, 
D = 
nP ô in P ð in P 
din Y; _ ð ln 
a FATHI 
élnP ðlnP 
eee ee eee ee 


=I 


-y+ © (1 — SB + Ad. 
i=} 


Price Changes and Output Distribution in the 
Short Run 


In the short run, one can assume that 8; = 0 and 
à; = O (Chavas and Klemme). In this case, 
equation (3) converges into H = dj_,S;y,. Be- 
cause y; = 7; and y = 7 (Chavas and Klemme), 
the following is obvious: 


(8) n= > Sm. 
i=] 


Equation (8) shows that the aggregate short-run 
supply response correctly predicts the farm-level 
short-run supply elasticity (y7 = Nds; = 1) 
only if all farms have similar 7;. 

The short-run price elasticity of output share 
(Y) is obtained from equation (7) as 


(9) Y,=%- Y= 1: — 1. 


Equation (9) shows that if 7; is greater (less) 
than 7, a price increase raises (lowers) the out- 
put share for the ith group. If, however, n; = 
n, Y; = 0 and price changes will not affect short- 
run output distribution. The necessary and suf- 
ficient condition for price changes to affect short- 
run output distribution is that n; varies with farm 
size. Note that the magnitude of Y; increases as 
the differences in n; among farms increase. The 
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plications of equations (8) and (9) are the same 
for revenue distribution if the competitive pric- 
ing assumption is maintained. ' 


Price Changes and Output Distribution in the 
Long Run 


In the long run, 8; and A; are expected to be 
positive, a; is expected to increase with farm size 
and 8; is expected to decrease with farm size but 
only up to a point. The following long-run re- 
lationship between aggregate long-run supply 
elasticity and farm-level supply elasticity is ob- 
vious from eae (3): 


(10) 7* oe Ysa + 5, se 


i=] 


=D sta + p)= X s: 


From equation (10), if there are differences in 
7 7* will not correctly predict farm level sup- 
ply response. The differences in n* may come 
from differences in n; A; and +y;. Even when the 
nS are similar, ņn* will still not correctly predict 
farm level supply response as long as A; and 8; 
vary with farm size. 

The long-run price elasticity of output share 
(Y*) is obtained from equation (7) as follows: 


(11) YF= y; + A; + B; 


— >) Sly + à; + B) = nt — 9 


i=l 


saent DC 
i=} 
SEA 
i=] 


From (11), if the ith farm group’s 7* is greater 
(less) than 7*, a price increase raises (lowers) 
the output share for the ith group in the long 
run. The requirement for price changes not to 
affect long-run output distribution is that all farms 
have similar 4}. Even if 7,8 are similar (Y; = 
0), redistribution of output still occurs in the long 


a SA; a5 Bi) 


SDA; + Bi). 


! To evaluate fully the equity implication of price changes, the 
impact of price changes on profit distribution would be needed. 
This impact would require knowledge of the structures of the un- 
derlying cost functions for farms in various size groups and would 
introduce much greater methodological and analytical complexity. 
The discussion in this paper is limited to revenue distribution but 
the extension of this methodology to assess profit distribution is 
left to future research, 


c Since O; = 
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run if there are differences:in A; and B;. Note 
that if n* are more similar than 7,, there may 
be an over redistribution of output in the short 
run which could be corrected for in the long run. 

In evaluating the revenue redistribution ef- 
fects of price policies, values of Y; and Y*de- 
rived from estimates of n; n*, À; and f; can be 
used to project revenue and output shares that 
result from a given price change. They can also 
be used to construct Lorenz-type curves for out- 
put or revenue distribution (by plotting the cu- 
mulative percentage of farms against the cu- 
mulative percentage of output or revenue before 
and after an anticipated price increase or de- 
crease). Finally, they can be used to calculate 
measures of output or revenue inequality such 
as the gini coefficient (G). 

Panel data are ideal for estimating Na Nipe Aj, 
and y; and thus Y; and Y* for farms of different 
sizes. In this study, data on average farms in 
several size groups collected over time are used. 
Each time series on the average farm in a group 
is used to estimate the supply function for the 
group the farm represents. The short- and long- 
run price elasticities of the product of the output 
of the average farm in a group and the popu- 
lation of the group were used to approximate the 
weighted short- and long-run supply elasticities 
for the group.” This method is valid if the dis- 
tribution of farms in the sample used approxi- 
mates the distribution of the total population. 


Evidence From Northeastern U.S. Dairy 


The decomposition model above was applied to 
daza available through the electronic farm ac- 
counting (ELFAC) system. This system is spon- 
sored by the Cooperative Extension Service for 
the northeastern states. The system provides an- 
nual data on average farms in several groups for 
a sample of northeastern U.S. dairy farms. In 
annual ELFAC reports (Tremblay) available for 
the 1971 through 1985 period, average produc- 
tion and cost data are reported for small farms 
(less than 40 milk cows), medium-sized farms 
(40 to 79 milk cows) and large farms (80 or more 
milk cows). Specific variables upon which data 
are reported include herd size, dairy revenue, 
nondairy revenue, variable production ex- 


Q/M, mQ, = a27,.Q, where Qy is the output of 
the jth farm in the ith group. Therefore, 3 In GngQ?)/a ln P = 
Liz (Qy/mOJ6 In Q,/2 in P) = LT r(2 In Qj/a In P) where ry 
= Q,/mQ,. This shows that the price elasticity of the product of 
porulation and the output of the average farm in the ith group is 
the weighted average supply elasticity for farms in the ith group. 


Adelaja 


penses, price received, milk sale in pounds, 
number of family workers, value of land, value 
of buildings, value of livestock, and value of 
equipment. 

For each group, the mean of the annual values 
of herd size of the average farm (H;) and the 
coefficient of variation (CVy,) were examined to 
determine variability of herd sizes. In the small 
herd size group, mean A; was 33 (maximum = 
35, minimum = 32) and CV, was 2.48%. In 
the medium herd size group, mean H; was 57 
(maximum = 58, minimum = 55) and CV, was 
1.55%. In the large herd size group, mean H; 
was 122 (maximum = 130, minimum = 116) 
and CVa, was 3.72%. Mean H, for all farms was 
71 (maximum = 75, minimum = 65) while 
CVy, was 4.43%. The size of the average farm 
seemed relatively stable over time. The higher 
CVp, value for large farms probably reflects the 
fact that herd size is unbounded from above. 
Because of the nature of the data, changes in H; 
indicate only herd expansion/contraction (A,) that 
do not involve crossover. Herd size changes in- 
volving crossover are captured in ĝ;. 

The Koyck distributed lag specification was 
chosen over the Nerlove (partial adjustment) and 
Almon for estimating short- and long-run supply 
elasticities. Both the Koyck and the Nerlove are 
similar except in the structures of the stochastic 
disturbance terms and the interpretations of the 
adjustment paths of output. The Nerlove pre- 
sumes that the search for new optimality after a 
price increase involves periods of overproduc- 
tion and underproduction relative to the new op- 
timal output level. Periods of overproduction 
seem unlikely given the reasons A; and 8; are 
expected to be positive. Both the Almon and the 
Koyck presume that continuous underadjust- 
ment ensues whereby output levels during ad- 
justment approach the new optimal level as a 
limit. However, while the Koyck assumes that 
the proportion of adjustments made in a given 
time declines over time, the Almon assumes that 
the proportion increases and then decreases. The 
Koyck specification was used because of the ex- 
pected short-run stickiness of population and herd 
size and the limited degrees of freedom imposed 
by the data. 

The following Koyck supply function was 
specified for each group of farms: 

(12) In QM, = Qo + a, In PM; + ap ln PF; 
+ œg In PBy + aq ln QM;,-, + Ui, 


where QM, is the product of mean milk output 
(output of average farm) and number of dairy 
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farms in the ith group in time period t, PM 1 
the real average price received by farmers in the 
ith group for milk in time period t, PF;, is the 
real weighted average price paid by farmers in 
the ith group for feed and concentrates in time 
period t, PB; is the real average price received 
by farmers in the ith group for beef (a substitute 
product) in time period t, QM;,_, is the lagged 
value of the dependent variable (QM;), and U; 
is a stochastic error term. The coefficients of the 
models are Qo, Qa, Q2, @3, and ay. 

The model assumes that the effects of a one- 
time increase in PM, PF, and PB are distributed 
over time and that the weights decline geomet- 
rically. The estimate of short-run supply elas- 
ticity (7,) is a, the estimate of supply elasticity 
after the Tth period is a;-(1 — aj,)/(1 — ay), the 
estimate of long-run supply elasticity (7*) is a@j/ 
(1 — a4), the mean lag is a;,/(1 — a4), and the 
median lag is In 0.5/ln aj4. The specification 
imposes the same lag structure on the impact of 
PM,, PF, and PB, on QM, for farms in the same 
herd size group. Lag structures, however, are 
free to vary over the herd size groups. 

The QM,, variable for a group was measured 
as the annual mean of output in hundredweights 
times the number of farms in the group because 
the distribution of the ELFAC sample is very 
similar to that of the northeastern population. 
PM,, was measured as the deflated values of mean 
prices received by ELFAC farmers. PF, and PB, 
were measured as the deflated values of the in- 
dexes of nominal prices paid by farmers for feed 
and received by farmers for beef in the North- 
east (Agricultural Prices). The deflator used for 
all prices was the deflator for gross national 
product (DGNP) obtained from The Economic 
Report of the President. 

To explain the relationships between A,, Bi 
ni, and *, a specialization index (S/,;) and a 
capital intensity index (CI;) were calculated from 
the ELFAC data set. Annual values of SI; for 
the average farms in each group were calculated 
as the percentages of total revenue derived from 
dairy-related activities. From the annual values 
of SI; mean values of SJ; (SI;) were calculated. 
The estimated values of SI; for small, medium, 
large, and all farms were, respectively, 92.52, 
94.20, 93.80, and 94.00. Because the values of 
ST, were significantly different at the 5% level 
for small and medium and for small and large 
farms (but not for medium and large farms), it 
was concluded that specialization increases very 
slightly with herd size but only up to a point. 

Total variable cost (TVC) and total fixed cost 
(TFC;) for the average farms were calculated to 
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obtain annual values of CL. TVC; was calculated 
as the sum of expenses on all variable inputs 
including hired labor. The components of fixed 
costs were assumed to be fixed investments, 
family labor, and property taxes. Cost of family 
labor was calculated as the number of family 
workers times the agricultural wage rate per hour 
in the Northeast (Farm Labor) times forty hours 
a week times fifty-two weeks a year. Thus, the 
productivity of family and hired labor were as- 
sumed equal. Following Christensen and Jor- 
genson, the opportunity cost of fixed invest- 
ments was calculated as the product of interest 
rate paid by farmers (Agricultural Statistics) and 
total asset value. TFC, was calculated as the sum 
of the opportunity cost of fixed investment, 
family labor cost, and property taxes paid. | 

Total production cost (TC) was measured as 
TVC, + TFC;. Annual values of CI; were ob- 


tained as the percentages of total cost that are . 


fixed. The means of these annual capital inten- 
sity values (CI) obtained for small, medium, 
large, and all farms were, respectively, 0.172, 
0.202, 0.223, and 0.188. All were significantly 
different at the 5% level, supporting Mills and 
Schumann’s argument that the degree of capital 
intensity increases slightly with herd size. Out- 
put share (S;) measures calculated from the EL- 
FAC data set for 1985 were, respectively, .0726, 
.4251, and .5023 for small, medium, and large 
dairy farms. These are similar to the shares re- 
ported by the Agricultural Statistics Board (Milk 
Production) for the entire U.S. dairy industry. 


Econometric Considerations 


Ordinarily, serial correlation makes ordinary least 
squares (OLS) estimates unbiased but ineffi- 
cient. With the Koyck specification and the in- 
troduction of a lagged dependent variable, OLS 
estimates are biased, inconsistent and inefficient 
(Pindyck and Rubinfeld) because the lagged de- 
pendent variable and the error term will be cor- 
related and the correlation will not disappear as 
sample size increases (Griliches). Generalized 
differencing methods are not appropriate for the 
Koyck model (Wold). Generalized differencing 
would lead to biased estimates while techniques 
for eliminating the bias will lead to inefficient 
parameter-estimates (Pindyck and Rubinfeld). 
The instrumental variable and maximum like- 


' The Durbin-Watson d-statistic is inappropriate when a regres- 
sion contains a lagged dependent variable. The Durbin L-statistic 
is recommended for large samples. 
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linood methods have been recommended for es- 
timating Koyck models (Johnston). The former 
is chosen over the latter whose estimators are 
not exact maximum likelihood estimators but 
maximum likelihood conditional on the first few 
observations. The instrument used to replace the 
lagged dependent variable is the predicted value 
of the dependent variable based on a regression 
of the dependent variable on current and lagged 
values of the independent variables (excluding 
the lagged dependent variable). The instrumen- 
tal variable models were estimated via gener- 
alized least squares.” 


Results 


Parameter estimates of the supply functions for 
small, medium, large, and all farms are reported 
in table 1. All œ; coefficients are significant at 
the 5% level. All œp coefficients are significant 
at the 5% level with the exception of the œp for 
small farms which is significant only at the 10% 
level. All œa coefficients are insignificant at both 
the 10% and 5% levels, suggesting the irrelev- 
ance of beef prices in the determination of milk 
supply. All the a,, coefficients are significant at 
the 5% level. The signs of all significant coef- 
ficients are consistent with expectations. 

For each model, Glegser’s test for heteros- 
cedasticity was performed by regressing the 
absolute values of the residuals against the de- 
pendent variable. The hypothesis that heteros- 
cedasticity was present was rejected in each case. 
Shapiro-Wilkes tests for nonnormality of the er- 
ror terms also suggested normal distributions of 
the residuals. 

The estimated values of 7; in table 2 support 
the hypothesis that short-run supply elasticity 
decreases with farm size. The values are also 
consistent with the capital intensity and spe- 
cialization indexes, suggesting that small farms 


may have greater ability to vary feeding rates, 


concentrate ratios, and the levels of labor uti- 
lization, and to vary yield and output in the short 
run. As expected, median and mean lags are di- 
rectly correlated with farm size. Also, as shown 
in table 2, the proportions. of total adjustments 
in the output to a one-time price change com- 
pleted in one year were 77% on small farms, 
70% on medium sized farms, and 30% on large 
farms. 

Estimated values of n; for small, medium, and 


‘4 The Proc Autocor default procedure in SAS was used. 
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Farm Size Groups" 


Independent Variable Coefficient Small Medium Large All 
Intercept aan 15.7078** 15.7243** 4.7620 15.5419** 
(6.0830) (4.9906) (3.5106) (5.9349) 
Log milk price (PM,) Qn 0.5204** 0.2665** 0.2311** 0.3646** 
(0.1480) (0.0890) (0.1010) (0.1048) 
Log feed price (PF,) an 1 :2037** = 10635** —0.6689* —1.0492** 
(0.5156) (0.3163) (0.3285) (0.3891) 
Log beef price (PB,) Oss 0.0178 —0.0406 —0.0284 0.0231 - | 
(0.3771) (0.2679) (0.3177) (0.2916) ` 
Log lagged quantity (QM,_,) Qa 0.2331** 0.3012** 0.6954** 0.2896** 
(0.1135) (0.1347) (0.2312) (0.1247) 
Regression R-square 0.3989 0.6774 0.6990 0.6723 
Total R-square 0.5365 0.6800 0.7585 0.6942 


* Small farms = 


less than 40 milk cows; medium-sized farms = 40-79 milk cows; large farms = over 79 milk cows; and all farms = 


small, medium, and large farms combined. Double and single asterisk indicate significance at the 5% and 10% levels, respectively. 
Standard errors are parenthesized. Estimates generated by OLS. PM, is real price of milk in period t; PF, and PB, are real prices of feed 
and beef, respectively, in period 4; and QM,_, is lagged value of QM,. QM, is the product of mean group output and group size in time 


t in hundredweights. 


large sized farms are, respectively, 0.5204, 
0.2665, and 0.2311. The aggregate short-run 
elasticity (7) of 0.3646, estimated from the data 
on all farms, exceeds y; for medium and large 
farms but is less than 7; for small farms. The 
estimate of 7 is similar to Halvorsen’s estimate 
of 0.30 for the United States, higher than Cha- 
vas and Klemme’s estimate of 0.11 for the United 
States, higher than Chen, Courtney, and 
Schmitz’s estimate of 0.16 for California, and 
lower than Levins’ and Milligan’s estimates of 
0.91 and 0.63 for Mississippi. The results of this 
study are consistent with those of previous stud- 
ies considering that dairy farms in California are 


larger than those in the Northeast, which are in 
turn larger than those in Mississippi. However, 
it is somewhat contradictory that this study’s es- 
timates suggest more output flexibility than that 
of Chavas and Klemme, considering that dairies 
in the Northeast are generally smaller than in the 
rest of the United States. 

Estimated values of * for small, medium, 
and large sized farms are, respectively, 0.6785, 
0.3814, and 0.7585. The aggregate long-run 
elasticity of 0.5132 is lower than Levins’, Mil- 
ligan’s, and Chavas and Klemme’s estimates of 
1.55, 1.57, and 6.69, respectively. The differ- 
ence between the short-run and long-run supply 


Table 2. Elasticities of Milk Supply for ELFAC Dairy Farms, 1971-85 


Own-price elasticity: 
Instantaneous (7,)° 
After 1 year 
After 2 years 
After 3 years 
After 4 years 
After all adjustments (n*)° 
Lag characteristics: 
Mean lag 
Median lag 
Percent of adjustments completed instantaneously 
Percent of adjustments completed in 1 year 
Percent of adjustments completed in 2 years 


$ , Categorization of farms is same as in table 1. 
> Short-ran elasticity. 
€ Long-run elasticity. 


Farm Size Category 


Medium 


0.2665 
0.3468 
0.3708 
0.3782 
0.3804 
0.3814 


Large 


0.2311 
0.3918 
0.5035 
0.5812 
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Table 3. Summary of Results From Yield, Herd Size, and Population Equations 


Farm Size Category 








Estimate Small Medium Large All 
Elasticity of yield (y) 
Short-run 0.5018*** 9.2504** 0.2337** 0.3551** 
Long-run’ 0.5018 9.2504 0.2337 0.3551 
Difference 
Elasticity af herd size (À; 
Short-run 0.0120** 0.0141** 0.0214** 0.0193** 
Long-run? 0.0313 0.0519 0.2131 0.1255 
Difference 0.0193 9,0378 0.1917 0.1162 
Elasticity of population (8) 
Short-run 0.0561** 0.0254** 0.0423** 0.0417** 
Long-run® 0.1820 0.0775 0.3352 0.0735 
Difference 0.1259 0.0521 0.2929 0.0318 
Implied va.ue of »* 0.7151 0.3798 0.7820 0.5541 


‘Double and single asterisks imply significance at the 5% and 10% levels, respectively. 
> Short-run and long-run price elasticities of yield assumed to be equal because the coefficients of the lagged dependent variables were 


insignificant at the 5% and 10% levels. 


* Long-run elasticity calculated as short-run elasticity divided by (1 — coefficient of the lagged dependent variable). 


‘lasticities for medium-sized farms (A; + B; = 
).1140) suggests that these farms do not make 
significant short-run yield adjustments, and do 
10t make significant long-run herd size or pop- 
lation adjustments. The sources of short- and 
ong-run inflexibility on mid-sized dairy farms 
nay need further investigation. Small farms are 
very price responsive in the short run but do not 
nake much additional adjustment in the long run 
A; + B; = 0.1581). Large farms, however, which 
ire not very price responsive in the short run are 
ven more price responsive than the small farms 
n the long run (A; + 8B; = 0.5274). Large farms’ 
lexibility comes from herd size expansion and 
»0pulation change. For all farms, A; + B; = 
}.1486, which suggests relatively little herd size 
ind population adjustments overall. 

The ideal procedure for decomposing *— 7; 
nto its components (A; and ß;) is to estimate 
-quation (12) jointly with. three other equations 
similar to it, but where In QM; is replaced with 
n (Y), In (H), and In (m) and to constrain the 
sums of similar elasticities in the other equa- 
ions to the elasticity in equation (12). How- 
‘ver, joint estimation of a system of seemingly 
mrelated equations with constraints and lagged 
lependent variables is complex. Instead, the 
jield, average herd size, and population models 
vere estimated individually and without con- 
‘traints using the instrumental variable method 
ised to estimate equation (12). A summary of 
he results is presented in table 3. 

All short-run price elasticities of yield (y;) were 
‘imilar to che short-run price elasticities of sup- 
sly (y). Also, the coefficients of the lagged de- 


pendent variable in the yield equations were all 
insignificant. These results confirm the hypoth- 
esis that virtually all short-run output adjust- 
ments are accomplished through yield changes 
(Yi ~ n). The observed inverse relationship be- 
tween y; and herd size suggests that cow pro- 
duction efficiency (yield) measures obtained at 
any given point in time are dependent on prices. 
They also suggest more variability in the yield 
of smaller farms, relative to larger ones. 

From the herd size equation, the coefficient 
for price was 0.0120 for small farms, 0.0141 for 
medium-sized farms and 0.0214 for large farms, 
while the long-run price elasticities of herd size 
weze 0.0313, 0.0519, and 0.2131, respectively. 
These values suggest increasing A, as herd size 
increases, that virtually no herd size adjustment 
is eccomplished in the short run, and that price 
increases stimulate little herd size expansion even 
in the long run on small and medium-sized farms. 
The high value of A; for large farms probably 
reflects the fact that this group is unbounded from 
above. For all farms, the short- and long-run 
elasticities of herd size were, respectively, 0.0193 
and 0.1255. 

From the population equation, the coeffi- 
cients for price were 0.0561 for small farms, 
0.0254 for medium-sized farms, and 0.0423 for 
large farms, while the long-run price elasticities 
of population were 0.1820, 0.0775, and 0.3352, 
respectively.” These results suggest that the 


'S Tests for heteroscedasticity and nonnormality were also per- 
formed on the yield, herd size, and population equations. Error 
terms in all equations were also found to be homoscedastic and 
normal. 
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Table 4. Percentage Changes in Revenues and Revenue Shares from a 50% Decrease in 
Milk Price 

Measure of Measured as Small Medium Large All 
Initial revenue shares in 1985 (%) y 7.26 42.51 50.23 100.00 
Supply elasticity (SR) Ni 0.5204 0.2665 0.2311 0.2672° 
Supply elasticity (LR) ni 0.6785 0.3814 0.7585 0.5924" 
Elasticity of output or revenue share (SR)? Y; 0.2532 —0.0007 —0.0361 

Elasticity of output or revenue shares (LR)° Y¥ 0.0861 ~0.2110 0.1661 

Short-run impact 

Change in output or revenues (%) —26.02 — 13.33 —11.56 —13.36 
Change in output or revenue share (%) — 12.66 +0.35 +1.805 

Final output or revenue share (%) 6.34 42.65 51.14 

Long-run impact 

Change in output or revenue (%) — 33.93 — 19.07 — 37.93 —29.62 
Change in output or revenue share (%) —4.305 +10.55 —8.305 

Final output or revenue share (%) 6.94 47.00 46.06 


“» and 7* are calculated as ES and T.,Sm and not as elasticities obtained from estimating supply function for all farms. This is 


because the estimated and calculated elasticities differ slightly. 


t SR and LR are notations for short run and long run, respectively. 


population effect occurs primarily in the long- 
run and that 8; decreases with herd size, but only 
until the category with the largest farms is 
reached. As explained above, B; for that group 
is expected to be high because the group’s range 
is unbounded. This problem cannot be com- 
pletely eliminated even when one breaks this 
extreme group into smaller groups (there will 
always be one group with an unbounded range). 
Fichtenbaum and Shahidi discussed the impli- 
cations of this problem for estimated measures 
of income inequality. 

Values of long-run supply elasticity implied 
by the three auxiliary models (yield, herd size, 
and population) were calculated as the sum of 
the short-run elasticity of yield, the long-run 
elasticity of herd size, and the long-run elastic- 
ity of population. The implied values of ņn¥ were 
0.7151, 0.3798, and 0.7820, respectively, for 
small, medium, and large farms, compared with 
the estimates of 0.6725, 0.3814, and 0.7585, 
respectively, obtained from equation (12). The 
differences are rather small. 

In conclusion, it appears that À; increases as 
herd size increases, that negligible herd size ad- 
justments to price changes are accomplished in 
the short run, and that price increases stimulate 
little herd size expansion even in the long run 
on small and medium-sized farms. These find- 
ings for small and medium-sized farms are con- 
sistent with Kislev and Peterson’s argument that 
price increases stimulate increased population 
but not increased herd size and that farm con- 
solidation is caused by factors other than price. 

The estimates obtained from the “all farm” 
data set are useful in evaluating the aggregate 


effects of price changes on output via yield, 
population, and herd size. Because the data set 
does not involve any grouping, crossover entry 
and restrictions on herd size do not affect esti- 
mates of A; and B;. Results from equation (12) 
suggest that 71% of all adjustments to a price 
change are accomplished in the short run (7 = 
0.3646), while 29% are accomplished beyond 
the short run (n* — 7 = 0.1486 = à; + B). The 
estimates from the auxiliary models suggest that 
63% of the adjustments beyond the short run are 
herd size adjustments, while 37% are population 
adjustments. '° This result contradicts Kislev and 
Peterson’s finding that price changes do not af- 
fect the average farm’s size. 

The estimates of Y; and Y* reported in table 
4 were generated from the values of yn; and n} 
obtained via equation (12). The Y; measures for 
small, medium, and large-sized farms are, re- 
spectively, 0.2532, —0.0007, and —0.0361. The 
respective measures of Y¥ are 0.0861, —0.2110, 
and 0.1661. For illustrative purposes, the ef- 
fects of a 50% fall in milk prices are shown in 
table 5. The fall in milk price lowers the output 
and revenue shares of small farms by 12.66% 
but raises those of medium and large-sized farms 
by 0.35% and 1.805%, respectively, in the short 
run. Consequently, using the 1985 revenue share 
figures as baseline figures, the output or reve- 
nue share of small farmers is lowered from 7.3% 
to 6.3% in the short run, that of medium-sized 


6 These percentages are obtained by dividing the long-run elas- 


ticity of herd size obtained from the yield equation by the sum of 
the long-run elasticities of herd size and population obtained from 
the yield and population equations. 
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farms is virtually unchanged, and that of large 
farmers is raised from 50.2% to 51.1%. In the 
short run, price decreases thus seem to help large 
farms capture a slightly larger share of the mar- 
ket, most of which comes from small farms. 

In the long run, a 50% decrease in milk price 
reduces the revenue or output share of small farms 
from 7.3% to 6.9%. Thus, while the instanta- 
neous response is a lower revenue share for small 
farms, the extent of the reduction is lower as 
time passes. Similarly, a 50% decrease in milk 
prices lowers the revenue share of large farms 
from 50.2% to 46.1% in the long run. Thus, 
while price increases help raise the revenue share 
of large farms in the short run, after all adjust- 
ments are completed, revenue share is actually 
reduced. The revenue or output share for me- 
dium-sized farms is increased from 42.5% to 
47.0% in the long run. 

The patterns of adjustments observed for the 
Northeast occur because small and large farms 
have more elastic long-run supplies than the 
overall industry supply while medium-sized farms 
have less elastic supply than the overall industry 
supply. The lack of flexibility on medium-sized 
farms helps them capture a larger share of the 
market in the long run when prices are falling. 

The revenue and population data in table 5 are 
used to construct Lorenz-type curves in figure 
1. In constructing figure 1, however, it is im- 
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Figure 1. Lorenz curves depicting inequal- 
ities in dairy revenue distribution 


Table 5. Distribution of Population, Output, and Revenue in Northeastern U.S. Dairy: 1985 


and after a 50% Decline in Price 


Measure Small 
Population in 1985 and in short run 
Average herd size (milk cows) 33.0 
Percentage of farms (b) 16.3 
Cumulative percentage of farms 16.3 
Population in long run 
Percentage of farms (b) 16.4 
Cumulative percent of farms 16.4 


Revenue in 1985 
Percentage of revenue 7.3 
Cumulative percentage of revenue 23 
Revenue in short run 


Percentage of revenue 6.3 

Cumulative percentage of revenue 6.3 
Revenue in long run 

Percentage of revenue 6.9 

Cumulative percentage of revenue 6.9 


Herd Size 
Medium Large Gini Coefficient" 
58.0 130.0 
48.6 35.1 
64.9 100.0 
53.8 29.8 
70.2 100.0 
42.5 50.2 
49.8 100.0 0.185 
42.6 51.1 
48.9 100.0 0.199° 
47.0 46.1 
53.9 100.0 0.203° 


* Gini coefficient is calculated as 1.0 — 2,b{z, + z,-,), where b; is the proportion of farms in the herd size interval i and z; is the 
proportion of total revenue received by farms in the herd size interval i and all lower intervals (Fichtenbaum and Shahidi). 

Calculated with b; evaluated at its 1985 level since 8; = O in the short rua. . 
° Calculated with b; values resulting in the long run after population redistribution. The b; values are based on £; estimated of .182, .078, 


and .335, respectively, for small, medium, and large farms. 
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portant to note that a price change does not only 
cause output redistribution in the short and long 
run (through 7;, À; and B;) but also population 
redistribution in the long run. Therefore, one must 
project not only the new output distribution 
(which Y* helps predict) but also the new pop- 
ulation distribution if herd size intervals are heid 
constant. 

The elasticity of population share (@;) is ob- 
tained through equation (4) as ©; = ð In b,/d In 
P = Bi — %;.,),8; = —0.0032 for small farms, 
—0.1072 for medium-sized farms and 0.1498 
for large farms. These values are based on the 
rough estimates of 8; of 0.182, 0.078, and 0.335 
obtained from the estimation of the population 
function. Consistent with the assumption that all 
population redistribution occurs beyond the short 
run, there is no impact of price on population 
distribution in the short run (see estimates of 
population distribution in the short run in table 
5). However, the long-run distribution of pop- 
ulation will be such that population shares change 
to 16.4%, 53.8%, and 29.8%, respectively, for 
small, medium, and large farms, as indicated in 
table 5. These new population shares were plot- 
ted against the revenue shares to obtain the long- 
run Lorenz curve in figure 1. 

The gini coefficient (G) for 1985 is 0.185. 
For the situations in the short run and long run 
after a 50% decline in price, the Gs are, re- 
spectively, 0.199 and 0.203 (table 5). The di- 
agonal line in figure 1 represents perfect equal- 
ity of revenue distribution (G = 0). Of course, 
all the Lorenz-type curves are below the perfect 
equality line (G > 0) because farm-level output 
increases with herd size. Consistent with the gini 
coefficients, figure 1 shows that a 50% price de- 
crease marginally increases the area between the 
curve and the perfect equality line in the short 
run and further increases it in the long run. Re- 
duced price support levels may therefore make 
revenue distribution more unequal in the short 
run and even more unequal in the long run. The 
extent of the revenue redistribution estimated for 
the northeastern dairy sector is minimal. 


Conclusions and Implications 


Economists have tended to ignore the effects of 
price changes on farm population and herd size 
and the possibility of heterogeneity in the short- 
and long-run output responsiveness of dairy 
farms. By conceptualizing and estimating dis- 
ageregate measures of supply response, this study 
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sheds some light on these aspects of price-re- 
lated policies. The methodology employed in this 
study is potentially useful for researchers study- 
ing other subsectors of U.S. agriculture. 

It is theoretically and empirically demon- 
strated that short- and long-run output respon- | 
siveness of dairy farms vary with farm size as- 
a result of size-related differences in the elas- 
ticities of yield, herd size, and population. These 
differences can arise from differences in (a) de- 
grees of capital intensity and specialization, (b) 
financial ability, and (c) magnitudes of barriers 
to entry, exit, and crossover. Moreover, differ- 
ences in output responsiveness imply differen- 
tials in the impacts of price changes and price 
support programs on dairy revenues. The de- 
composition of the long-run supply elasticity into 
the elasticities of yield, herd size, and farm pop- 
ulation, the conceptualization of the relation- 
ships between these elasticities and farm size, 
and the illustration of resulting revenue redis- 
tribution effects of price changes are novel fea- 
tures of this paper. 

For the northeastern U.S. dairy sector, it is 
shown that recent declines in price support lev- 
els can create slightly greater inequality in rev- 
enue distribution. The limited potential for rev- 
enue redistribution in the Northeast does not 
necessarily suggest that revenue redistribution 
effects of price changes are always insignifi- 
cant. Those effects may be significant in sub- 
sectors of U.S. agriculture characterized by large 
differences among farms in supply elasticity. The 
challenge to researchers is to identify the dis- 
parities in supply response before ruling out the 
possibility of revenue redistribution. In subsec- 
tors where significant variations in supply elas- 
ticity exist, proposals to change price support 
levels should consider both the primary bene- 
ficiaries and the output, revenue, and perhaps 
even the profit redistribution effects by employ- 
ing disaggregate data and the type of analysis 
conducted in this study. 


[Received October i988; final revision 
received May 1990.] 
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Does Arbitraging Matter? Spatial 
Trade Models and Discriminatory 


Trade Policies 


Giovanni Anania and Alex F. McCalla 


When modeling discriminatory trade policies, such as targeted embargoes or targeted 
subsidies, failure to explicitly include assumptions about the possibility of simultaneous 
exporting and importing may yield misleading results. Nonlinear programming and 
“vector sandwich” models implicitly set rules regarding arbitraging which may be at 
variance with actual policies and/or country behavior. The paper introduces an 
alternative spatial model which allows the researcher to explicitly incorporate her own 
assumptions about arbitraging. An analysis of the 1980 U.S. embargo to the USSR 
shows how the proposed model performs relative to the most frequently used spatial 


trade models. 


Key words; arbitraging, discriminatory trade policies, embargo, spatial models, trade. 


The explicit treatment of arbitraging behavior— 
that is, countries importing and exporting at the 
same time-——in spatial trade models may be nec- 
essary for the models to produce valid results. 
The issue: becomes important when analyzing 
discriminatory national trade policies intended 
to benefit friends and/or punish enemies. Ex- 
amples of such policies include the Generalized 
System of Preferences (GSP), Lome’ Conven- 
tion preferences, targeted export subsidies, PL 
480, selective quotas, and targeted embargoes. 
These policies create multiple prices and gen- 
erate possibilities to export and import simul- 
taneously to take advantage of price spreads. 
Discriminatory trade policies include mecha- 
nisms to prevent arbitraging. 

In this paper we argue that unless trade models 
explicitly incorporate the possibility of simul- 
taneously exporting and importing, the choice 
of the trade model implicitly sets the assump- 
tions on arbitraging. For example, spatial trade 
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models using reduced-form trade equations ex- 
clude the possibility of a country switching from 
one side of the market to the other as prices 
change, or of simultaneously exporting and im- 
porting. . 

In the first part of the paper we discuss the 
role of arbitraging in the design and manage- 
ment of discriminatory agricultural trade poli- 
cies. The implications for trade policy analysis 
of different assumptions about arbitraging are 
briefly addressed. In the second part, the im- 
plicit hypotheses about arbitraging associated with 
two classes of spatial models, nonlinear pro- 
gramming (NLP) models (which include qua- 
dratic programming models as a special case) 
and vector sandwich (VS) models, are dis- 
cussed. | 

An alternative model, presented in the third 
part of the paper, allows countries to switch from 
one side of the market to the other as prices 
change and permits the user to incorporate ex- 
plicit assumptions about arbitraging. The model 
is an improvement over other spatial trade models 
when the policies to be analyzed include, for 
example, a trade liberalization when preferential 
trade agreements exist, an embargo, or a tar- 
geted export subsidy. A numerical example ad- 
dresses arbitraging behavior associated with the 
1980 U.S. embargo against the USSR and shows 
how the proposed model compares with fre- 
quently used models. 
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Discriminatory Agricultural Trade Policies 
and Arbitraging 


World agricultural markets contain many dis- 
criminatory trade policies in which arbitraging 
behavior is a matter of concern. Examples in- 
clude preferential tariffs, targeted export subsi- 
dies, embargoes, customs unions, food aid, and 
preferential import quotas. For example, coun- 
tries using targeted export subsidies are con- 
cerned with preventing targeted importers from 
reexporting subsidized imports; countries grant- 
ing preferential market access are concerned with 
preventing the reexporting of imports from non- 
preferred countries, 

In the United States preferential agricultural 
tariff reduction agreements include the GSP, the 
Caribbean Basin Initiative, the Israeli free trade 
agreement and the recently concluded U.S.~— 
Canada Free Trade Agreement. Other discrim- 
inatory trade policies include the Agricultural 
Trade Development and Assistance Act of 1954 
PL 480), the Export Enhancement Program 
EEP), and a series of targeted embargoes in- 
cluding those against the USSR in 1974, 1975, 
and 1980—81. On preferential imports under its 
GSP scheme, the United States applies a “rule 
3f origin” which requires that at least 35% (50% 
f two preferred countries involved) of the value 
of the article is added in the developing country. 
[he same constraints apply to duty free treat- 
ment under the Caribbean Basin Initiative (Or- 
zanization of American States). The United 
States—Canada free trade agreement contains a 
substantial set of “rules of origin” to prevent 
export when different third country tariffs ap- 
sly in the two countries. PL 480 prevents 
concessional shipments from disrupting com- 
mercial markets (lowering prices) and seeks 
“commitment from participatory countries that 
will prevent resale or transhipment to other 
>ountries, or use (for other than domestic pur- 
Joses) of surplus agricultural commodities pur- 
vhased under the act” (sect. 101). In the early 
years of PL480, the United States did not apply 
he principle of additionality (sales must be in 
addition to commercial demand) to barter sales 
as it did to sales for local currency (Davis). Strong 
protests from other exporters about arbitraging 
of barter sales led to a modification of policy in 
1957 (Mortensen, Ezekiel, Kristjanson). 

Abbott, Paarlberg, and Sharples state that tar- 
geted export subsidies “are often criticized be- 
cause arbitrage or rerouting of exports in transit 
can frustrate the subsidizing country’s policies. 
International trading firms or importing coun- 
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tries might benefit by reexporting subsidized 
commodities, as occurred early in the PL 480 
program” (p. 724). To enter the EEC under the 
preferential tariffs granted by the Lome’ Con- 
vention, expor-s from the African, Caribbean, 
and Pacific (ACP) countries must fulfill the con- 
ditions stated m Protocol 1 of the convention, 
concerning the definition of the concept of 
“criginating products.”’ A similar condition is 
contained in the EEC’s GSP scheme (EEC). 
Borrmann, Borrmann, and Stegger (pp. 117-20) 
argue that the “rules of origin” may have strongly 
affected the vo_ume of trade generated through 
the EEC’s GSF scheme. A “country of origin” 
constraint is also contained in the ASEAN (As- 
sociation of Southeast Asian Nations) agree- 
ment. Koester and Schmitz argue that Kenya 
imported sugar from the world market and ex- 
ported it to the EC to capitalize on benefits due 
under the community preferential import policy. 
The popular Italian press claimed Israel is ex- 
porting frozen Drange juice to the EC well in 
excess of its processing capacity (La Repub- 
blica, Dec. 1985). 

In all the preferential tariff reduction agree- 
ments, the cons-raints to assure that imports are 
originating in the beneficiary country are in- 
tended to avoic arbitraging and prevent third 
countries from 2xploiting the preferential pol- 
icy. Constraints on the volume of exports re- 
ceiving preferestial treatment are usually in- 
cluded as well. 

However, the various “rules of origin” still 
allow arbitraging. The preferred country can still 
find it feasible end profitable to import and ex- 
port at the same time, using low price imports 
for domestic consumption while exporting do- 
mestic producticn at a higher preferential price. 
In this case, the quantity arbitraged is implicitly 
bounded by the “rules of origin” not to exceed 
domestic consurmption. 

Finally, a comprehensive study of economic 
sanctions by Hufbauer and Schott reports that 
the lack of coop2ration of other countries often 
contributed to sanctions failure. In real-world 
discriminatory trade policies, arbitraging does 
matter. Failure # avoid arbitraging may jeop- 
ardize the accomplishment of the expected pol- 
icy goals. 


' Products originating in the ACP countries are defined, in simple 
terms, as products whaly obtained in one or more ACP countries, 
or products which havezundergone sufficient working or processing 
within the ACP countres (third ACP-EEC Convention, signed in 
Lome’, Togo on & Dec. 1984). 
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Modeling Discriminatory Trade Policies 


When discriminatory trade policies are consid- 
ered, the determination of the net trade positions 
needs to be based on a spatial trade model, a 
model capable of reproducing trade flows be- 
tween each pair of traders. Each region may buy 
(sell) from (to) different regions at different 
prices, collecting (paying) different per unit tar- 
iffs (subsidies). Any discriminatory trade policy 
can be equivalently expressed in terms of a tariff 
or a subsidy. Targeted embargoes are equivalent 
to country-specific prohibitive export tariffs. 
Country-specific export (import) quotas may be 
translated into two export (import) taxes: one, 
equal to zero, active up to the quota ceiling; the 
other, prohibitive, active above that ceiling. Food 
donations represent volume constrained subsi- 
dized exports. 

Any spatial trade model solution is such that, 
for each pair of countries, say country į and 
country j, the domestic prices (p; and p,, re- 
spectively), must satisfy the following relations 
(as long as no binding constraint is imposed on 
the trade flow between the two countries): 


(1) (pj — Pi tj + Oy — Ty) =O; 


(2) (Py — Pi — ty + Oy — Ty)xy = 0; 


where zy is the fixed transportation cost to ship 
one unit of the commodity from region i to re- 
gion j, oy is the export subsidy that country i 
pays to its producers for each unit exported to 
country j, m; is the import tariff that country j 
imposes on each unit it imports from country i, 
and xy is the nonnegative trade flow from coun- 
try i to country j. If the trade flow from country 
i to country j is positive, then the per unit trans- 
portation cost plus the tariff minus the subsidy 
must give the wedge between the two domestic 
prices. If no shipments occur from country i to 
country j, then the difference between the two 
domestic prices must be smaller or, at most, equal 
to the transportation cost plus the tariff minus 
the subsidy (implying that shipments from coun- 
try į to country j are not profitable). 

Without interventions, the only possible 
wedges between domestic prices of trading 
countries are transportation costs. The matrix of 
the transportation costs is consistent, which means 
that the minimum cost path to ship from region 
i to region j is always the one directly connect- 
ing the two regions. In this case, there is no 
rationale for arbitraging. Finding the market 
equilibrium solution does not depend on differ- 
entiating between transportation costs, subsi- 
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dies, and tariffs. Given domestic demands and 
supplies, all that matters is the net sum of the 
transportation cost plus the import tariff minus 
the export subsidy for each ordered pair [i.e., | 
pairs (i, j) and (j, i) are different] of countries. — 
This quantity represents a generalized transfer 
cost. The addition to and subtraction from the 
transportation costs matrix of nondisciminatory 
tariffs and subsidies does not affect its consis- 
tency. However, this property may be disrupted 
by discriminatory trade policies. 

Most agricultural trade models are based on 
an a priori definition of the sets of the importing 
and exporting regions. Each country is repre- 
sented through its excess demand or supply 
schedule. Thus, the possibility of arbitraging and 
of a country switching from one side of the mar- 
ket to the other as prices change is assumed away. 

When each country’s position on the world 
market is not set a priori, the assumptions about 
arbitraging are (implicitly) left to the structural 
characteristics of the specific model.’ These as- 
sumptions may strongly affect the solution ob- 
tained. For example, in a model with no trans- 
portation costs, and each country left free to 
export and import at the same time, the impo- 
sition of a tariff by an importing country on its 
imports from all but one of the other countries 
leaves each country’s net trade position un- 
changed. Only trade flows change because the 
demand of the tariff-imposing country will be 
satisfied by the exporting countries bypassing 
the tariff by costlessly rerouting their exports 
through the preferred country. However, a very 
different outcome is obtained if regions cannot 
import and export at the same time. 


Discriminatory Trade Policies and 
Commonly Used Trade Models 


Nonlinear Programming Models 


The most commonly used spatial trade models 
are the Quadratic Programming (QP) models de- 
veloped by Takayama and Judge (Thompson, p. 
28) in which an artificial quadratic net quasi- 
welfare function is maximized subject to a set 


? It can vanish as a result of the implementation of preferential 
tariffs or targeted subsidies. It is lost when country-specific em- 
bargoes are imposed. The generalized transfer costs matrix being 
no longer consistent is a necessary, but not sufficient, condition for 
arbitraging to be profitable. 

7 It should be noted, as pointed out by a reviewer, that spatial 
trade models, because of their homogenous good assumption, tend 
to overemphasize the occurrence of arbitraging. Hence, it is wise 
to use caution when considering commodities for which this as- 
sumption appears to be particularly strong. 
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of linear constraints. The quasi-welfare function 
is given by the sum of consumers’ and produc- 
ers’ surpluses over all the regions considered. 
Linear demand and supply functions, large 
countries, and perfect competition in domestic 
and world markets are assumed (Takayama and 
Judge 1964 and 1971, Bawden, Takayama). 
Rowse expanded the QP formulation of the model 
to include nonlinear demand and supply func- 
tions. Thus, the classical QP model is a special 
case of the more general nonlinear programming 
(NLP) formulation. 

Takayama and Judge (1971, chap. 10) pro- 
pose a framework to analyze trading when tar- 
iffs and subsidies are present and suggest that it 
can also be used when discriminatory trade pol- 
icies are active.* They propose two alternative 
modeling approaches, based on domestic de- 
mand and supply functions (Takayama and Judge 
1971, chap. 7, 8), and on excess supply/de- 
mand functions (Takayama and Judge 1971, 
chap. 9). They claim that in a large spectrum of 
cases the two models are equivalent, and that 
the second one may be more efficient. How- 
ever, when discriminatory trade policies are 
considered, the equivalence of the two models 
may vanish. 

The first model, which uses domestic demand 
and supply functions, leaves each country free 
to import and export at the same time but im- 
plicitly constrains imports to not exceed domes- 
tic consumption. The second model leaves the 
possibility of arbitraging totally free. These re- 
sults can be easily verified by comparing the 
Kuhn-Tucker conditions associated with the two 
models.” When the first model is used and the 


* “In this example we use the same demand and supply functions 
and transportation costs as in chapters 7 and 8, but assume that my 
= ] and m, = 1. It is not necessary to assume that my = my = 

. = Ty for all j; that is, the tariff may be discriminatory” (Tak- 
ayama and Judge 1971, p. 201). 

$ For the quantity formulation of the model based on the domestic 
demand and supply functions the Kuhn-Tucker conditions are given 
in (7.2.9.d) in Takayama and Judge 1971, p, 133; the analogous 
conditions for the price formulation of the same model are given 
in (8.3.7.a) and (8.3.7.b), p. 159 (the equivalence of the price and 
the quantity formulations is proven in Takayama and Woodland). 
These conditions imply that, if the domestic price is different from 
zero, (a) domestic consumption must be equal to the portion of the 
domestic production which is consumed domestically plus the sum 
of all the impcrts from the other countries, and (b) domestic pro- 
duction must be equal to the portion which is consumed domesti- 
cally plus the sum of all exports to the other regions. Each country 
may import and export at the same time, with the constraint that 
in each country imports cannot exceed domestic consumption. When 
domestic consumption is entirely satisfied through imports, do- 
mestic production is entirely exported. For the second model, the 
one based on the use of excess supply/demand functions, the Kuhn- 
Tucker conditions are given in (9.1.27.d), p. 182, and in (9.3.4), 
p. 194. In this case, if the domestic price is different from zero, 
domestic production minus domestic consumption plus imports mi- 
nus exports must be equal to zero. Arbitraging is now left totally 
unconstrained. 
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constraint on arbitraging is binding, the arbi- 
traging country’s consumption and production 
prices are not equal. The consumption price is 
linked to the low price in the region(s) where 
the imports come from, while the production price 
is linked to the high price in the region(s) ex- 
ports are shipped to. This implicit constraint on 
arbitraging reproduces a condition similar to that 
imposed by the “rules of origin” observed in real- 
world preferential trade agreements. 

When discriminatory trade policies are pres- 
ent, the two models can yield different results. 
This will be the case when the solution obtained 
by using the model based on excess demand and 
supply functions is such that (a) at least one re- 
gion exports and imports at the same time, and 
(bi its imports exceed its consumption. 

When each country is represented as both a 
consuming and a producing region, the Kuhn- 
Tucker conditions of the NLP problem as for- 
mulated by Rowse are analogous to those of the 
QP formulation of the model based on domestic 
demand and supply functions. Arbitraging is 
possible, but in each country imports cannot ex- 
ceed domestic consumption. If each region is a 
priori defined as an importer or as an exporter, 
then, a no-arbitraging constraint is implicitly 
imposed. The assumptions about arbitraging im- 
plicit in nonlinear programming models are 
summarized in table 1. 

Whenever the classical QP models or NLP 
models are used to analyze markets character- 
ized by discriminatory trade policies such that 
the generalized transfer costs matrix is not con- 
sistent, assumptions about arbitraging are im- 
plicitly made. Such assumptions may have se- 
rious implications for the trade policy analysis. 


Vector Sandwich Models 


MacKinnon (1975, 1976) proposed a vector 
sandwich procedure to solve spatial trade equi- 
librium problems.° The procedure allows for 
nonlinear demand and supply functions as well 
as transportation costs. Holland developed a mi- 
crocomputer program based on MacKinnon’s 
procedure to solve relatively small, single com- 
modity, spatial equilibrium models. Holland’s 
program is capable of handling import and ex- 
port tariffs, both ad valorem and per unit. Con- 
straints may be imposed on specific flows as well 
as on individual countries’ overall imports or 


ê A good introduction to fixed point theory as a tool in finding 
economic equilibrium solutions is Zangwill and Garcia, chapters 5, 
6, and 7. 
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Table 1. 


Each Country is Represented 
through: 


Model. 
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Implicit Assumptions Abcut Arbitraging of the QP, NLP, and VS Models 


Implicit Assumptions About 
Arbitraging 





Quadratic programming models 
(Takayama and Judge 1964 and 
1971, Bawden, Takayama) 


functions 


a continuous linear excess demand 
and supply function 


Nonlinear programming models 
(Rowse) 


a nominear excess demand or supply 


function 


Vector sandwich models 
(MacKinnon 1975 and 1976, 
Holland} 


a linear or nonlinear excess demand 
or supply function 


exports. However, discriminatory tariffs and 
subsidies are not explicitly considered. although 
the user can overcome the problem by providing 
the generalized transfer costs instead of the 
transportation costs. Applications of the vector 
sandwich method in agricultural trade policy 
analyses include Holland and Sharples, USDA 
(chap. 11), Haley, and Kahn and Meilke. 

If each country is considered as both consum- 
ing and producing, arbitraging is allowed but, 
again, it is constrained not to exceed domestic 
consumption. Each country may impcrt and ex- 
port at the same time, but imports may not be 
reexported (table 1). 


The Model 


In this section a spatial trade model is presented 
to analyze settings where disriminatory trade 
policies make the generalized transfer costs ma- 
trix inconsistent. The model has two main fea- 
tures: (a) each country can move from one side 
of the market to the other as prices change, and 
(b) the user is allowed to explicitly specify as- 
sumptions on arbitraging through two sets of pa- 
rameters. The model is given in two forms, one 
based on domestic supply and demand func- 
tions, the other based on excess demand/supply 
functions. These functions need not be linear. 
The model based on domestic demand and sup- 
ply functions can be constrained so that arbi- 
traging (a) cannot occur, (b) is allowed but is 
constrained not to exceed domestic consump- 


linear domestic demand and supply 


nonlinear domestic demand and 
supdly functions 


linear or nonlinear domestic demand 
and supply functions 


arbitraging allowed but constrained 
not to exceed domestic 
consumption (imports cannot be 
reexported) 

arbitraging allowed and 
unconstrained 


arbitraging allowed but constrained 
not to exceed domestic 
consumption (imports cannot be 
reexported) 

arbitraging not allowed 


arbitraging allowed but constrained 
not to exceed domestic 
consumption (imports cannot be 
reexported) 

arbitraging not allowed 


tion, or (c) is allowed and left completely un- 
constrained. When using the model in which each 
country is represented through its excess de- 
mand/supply function, only the first and the third 
scenarios can be implemented (table 2). The main 
advantage of the model we propose over the 
commonly used models is that it provides the 
researcher with the possibility of easily com- 
paring within a single model structure the ef- 
fects of discriminatory trade policies under dif- 
ferent hypotheses about arbitraging. 

Only one commodity is considered in the 
model proposed. In addition, a partial equilib- 
rium framework, fixed exchange rates, and per- 
fect competition on domestic and world markets 


Table 2. Assumptions About Arbitraging 
Which Can Be Explicitly Incorporated in the 
Model Proposed 





Assumptions About 
Arbitraging Which Can Be 
Explicitly Incorporated 


Each Country is 
Represented through: 


Arbitraging allowed and 
unconstrained 

Arbitraging allowed but 
constrained not to 
exceed domestic 
consumption 

Arbitraging not allowed 


Linear or nonlinear 
domestic demand and 
supply functions 


A linear or nonlinear 
continuous excess 
demand and supply 
function 


Arbitraging allowed and 
unconstrained 
Arbitraging not allowed 





108 February 199] 


are assumed. The model maximizes an artificial 
quasi-welfare function (W) defined as in Sam- 
uelson, Takayama and Judge, and Rowse. When 
domestic demand and supply functions are con- 
sidered, the model may be stated as follows: 


(3) a W= > 8) — 2 (Si) 
— DG + my = oxy), 
subject to l 
(4) a “12> 1) /= a| XiT J 
+ié-)/- aS Xy — w|} =0, 
j 


i= ],..., A; 


(5) ¥(Sx- x) —~y=0, r= 1,..., 0; 
j 


(6) x= >) ty Y, Xo P= },..., A; 
j j 


(7) Yi = max{x;, Xi — Xt; i= 1,..., nA; 
(8) S; = y + Xj, f=],...,% 
(9) x; 2 0; Pe aa are 


where i and j denote the regions (i, j = 1, 2, 

.-, A), y; denotes the quantity consumed in 
country i; s; denotes the quantity produced in 
country i; 0, y;) denotes the integral under the 
inverse domestic demand of region i, p*(y,), be- 
tween 0 and y; $,(s;) denotes the integral under 
the inverse domestic supply of region i, p;(s;), 
between 0 and s; x, denotes the flow of com- 
modity from region i to region j; x; denotes the 
total exports (if positive) or the total imports with 
the sign changed (if negative) of region i; t; de- 
notes the fixed per unit transportation cost for 
shipping the commodity from region i to region 
j; m; denotes the per unit tariff imposed by re- 
gion j on its imports from region i; oy denotes 
the subsidy paid by region i for each unit ex- 
ported to region j; & denotes a parameter con- 
trolling the possibility of the ith region to ar- 
bitrage, and, if arbitraging is not allowed, the 
side of the market on which it appears (this pa- 
rameter may be set to be equal to —1, 0 or 1: 
it will be equal to O for the nonbeneficiary re- 


7 Nonlinear transportation costs may be easily included. They are 
assumed to be linear to keep the discussion as close as possible to 
the standard QP setting. 
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gions, and for the beneficiary ones which a 
left free to arbitrage; to —1 for the beneficia 
countries which are not allowed to arbitrage ar 
may operate on the market as importers only, ' 
| for those which are not allowed to arbitra; 
and may operate on the market as exporters only 
and W, denotes a parameter constraining arb 
traging, when it is allowed, not to exceed di 
mestic consumption (it will be equal to 1 whe 
country 7's imports must not exceed its domest 
consumption, to 0 otherwise). 

Constraints (6)—(9) are self-explanatory. Whe 
WY; in (5) is set equal to 1, arbitraging cann 
exceed domestic consumption. When Y; is equ: 
to O arbitraging is not constrained by (5). Cor 
straint (4) allows the user to impose that regior 
do not arbitrage. When arbitraging is not a 
lowed, (4) provides the model with the positior 
to be taken in the market (importer/exporter) b 
each region.® 

Once the model is solved, equilibrium price 
are computed as 


(10) pf =pitys); i=1,.. 


(11) Pi = pils*); 

Each country’s producers and consumers we. 
fare is defined (fig. 1) as the area between th 
inverse demand function and the price (the cor 
sumers’ price if consumers and producers price 
are not equal) line, plus the area between th 
price (the producers’ price if consumers an 
producers prices are not equal) line and the ho: 
izontal axis or the inverse supply function, plu 
the tariff revenue (which is assumed to be re 
distributed to consumers and producers as a lum 
stm transfer): 


(12) W, = [6 y*) — y¥ piv] 


+ E g | Pi(s;) is, 
max[0,5' 4) 


+ >) mii r= 1,.. 0 
j 


aM 


i= ]1,... n. 


ë In the case of a preferential tariff, for example, each beneficiar 
country has to impose a prohibitive tariff either on its imports « 
on ifs exports. The decision on which kind of tariff to impleme: 
implies an explicit policy choice: Imports are taxed when the cou: 
try wants to make use of the preference. Exports are taxed, to mak 
arbitraging unprofitable, when it finds itself better off by importin, 
The decision is based on the maximization cf the beneficiary coul 
try’s welfare. In many cases, this choice may be easy, as it is tł 
case when only one country is granted a preferential treatment ar 
it is already exporting prior to the implementation of the prefe 
ential tariff. In other cases the choice may not be so obvious (A3 
ania). An importing beneficiary country may reach, for examph 
a higher welfare by remaining on the importers’ side of the mark: 
even if the preferential treatment granted would make it possib. 
for it to switch to being an exporter. 


Anania and McCatlla 


y 


y* y s* 


price 













quantity 


Figure 1. Welfare components for an ex- 
porting country 


where S; is the intercept of the inverse supply 
function on the horizontal axis. In figure 1 S’S 
is the inverse supply function, D'D is the in- 
verse demand function, p is the equilibrium price, 
y* and s* are the quantities consumed and pro- 
duced, respectively, and the crosshatcned areas 
sum to the country’s producers’ and ccnsumers’ 
welfare. 

Often estimates of the domestic supply and 
demand functions for each region are not avail- 
able, while estimates of the excess demand/ 
supply functions are. In addition, the excess 
functions can be more easily estimated. Thus, a 
model formulation based on excess functions is 
presented as well. The structure of this model 
is essentially the same as the one based on the 
domestic demand and supply schedules. In fig- 
ure 2 a simple two-country world market case 


price S 
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is presented. $,5, and S,S, are the inverse excess 
demand/supply functions of countries A and B, 
respectively. The market equilibrium is such that 
region A imports —X, from region B (—X, is 
equal to X,). The equilibrium prices in the two 
regions are P, and P,, respectively. The differ- 
ence between the two prices is equal to the 
transportation cost of shipping one unit from B 
to A, plus the per unit import tariff imposed by 
country A, minus the per unit export subsidy 
paid by country B. The crosshatched areas in 
figure 2 represent the gains from trade. When 
excess supply/demand functions are used, W, 
the artificial quasi-welfare function, may be de- 
fined as 


(13) 
W= 2 [~xix)] — >. [ty + my 


+ 


ij 


Op Xi r 


where y;(xò denotes the integral under the in- 
verse excess supply/demand function of region 
i, p(x), between 0 and x;. 

In figure 2 the gains from trade of regions A 
and B are given by the sum of the areas CDP, 
and P GF. These gains may be obtained by sub- 
tracting the areas FGX,0 and CPP E from the 
area CDOX,. This is given by expression (13) 
for the n-countries case. &,[—yx)], in fact, gives 
the algebraic sum of the areas under each re- 
gion’s excess supply/demand function, as a 
positive term if the region is importing (x; < 0), 
negative if it is exporting (x; > 0). The net gains 
from trade are obtained by subtracting the trans- 
portation costs plus the tariff revenues minus the 


E 


Xa 


Figure 2. 
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subsidy expenditure (the algebraic sum of tar- 
| iffs, subsidies and transportation costs is given 
in fig. 2 by area CP PE). 

When excess demand/supply functions are 
used, arbitraging can no longer be constrained 
to not exceed domestic consumption.” 

The problem now is stated as 


(14) max W, 


Xij 


subject to 
(15) elu - (& - )/-21 >) x 


+ K&-— 1)/-2] > 3 =0, 
i=1,..., M, 


(16) =X a- Diy i=1,... n; 
j j 


aD x20; Lj=1l,... A. 


Equilibrium prices and individual countries 
gains from trade are computed as 


(18) pi 7 pT), t= 1,..., n; 
a9) W= [pax] xia) 
+ (Mis 2 rai 


j 


A Numerical Example 


In this section a numerical example illustrates 
how the results from the proposed model com- 
pare with those which may be obtained using 
other spatial trade models. While the exercise 
provides some interesting insights about embar- 
goes, its objective does not go beyond showing 
the effectiveness of the proposed model in ana- 
lyzing the effects of discriminatory trade poli- 
cies by explicitly investigating alternative hy- 
potheses regarding arbitraging and cooperation 
by the other actors involved. 

The focus is on the 1980 U.S. embargo of the 
USSR. It lasted from 4 January 1980 to 24 April 
1981 and covered several agricultural products, 
including wheat, feed grains, soybeans, meat, 
and dairy products. The embargo was only par- 


’ However, in this formulation of the problem, as well as in the 
one based on domestic demand and supply functions, each coun- 
try’s arbitraging may be easily constrained not to exceed a specific 
amount by inserting an ad hoc constraint. 
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tial, because the United States fulfilled its com- 
mitment to the 1975 U.S.—USSR trade agree- 
ment allowing the export to the USSR of 8 million 
tons of grains in 1979/80 and 1980/81. 

The embargo was motivated solely on the ba- 
sis of a foreign policy concern, as a retaliation 
to protest the “USSR invasion of Afghanistan.” 
The decision was based on a Central Intelli- 
gence Agency (CIA) estimate that the embargo 
would strongly affect meat consumption in the 
USSR (USDA). The CIA estimate assumed full 
cooperation of all other exporters and ignored 
the possibility of countries arbitraging. The ac- 
tual short-run impact of the embargo was sub- 
stantially smaller than expected. It had a very 
small impact, if any, on meat consumption in 
the USSR. The USSR strategy was essentially 
based on (a) replacing imports from the United 
States by increased imports from other sources, 
(b) increasing imports of substitute goods, and 
(2) slightly reducing its stocks. 

The main data source is the comprehensive 
study mandated by the U.S. Congress (USDA). 
Consistent with the approach followed so far, 
only one commodity (wheat) is considered in a 
partial equilibrium framework. Excess supply/ 
demand functions for twenty-seven regions are 
derived from base net trade positions, prices, and 
trade elasticities used in USDA. The transpor- 
tation costs matrix expands on that used in Hol- 
lend and Sharples.'° The model is short run in 
nature; that is, production is fixed and only con- 
sumption, stocks, and trade flows change in re- 
sponse to changes in prices. The model time 
framework is 1980, the only full year the em- 
bargo was in place. Domestic as well as trade 
policies have been incorporated by including price 
transmission elasticities in the computation of 
the trade price elasticities (USDA). 

The objective is an a priori evaluation of the 
effects of a zero constraint on wheat exports from 
the United States to the USSR. Hence, the base 
sclution has no constraints on the trade flows. 
This solution is then compared with five differ- 
ent scenarios in which the embargo is active and 
different hypotheses regarding arbitraging and 
the cooperation of the other countries are as- 
sumed. In the first one it is assumed that no 
country cooperates and arbitraging can occur; 
that is, the only constraint imposed is the zero 
constraint cn the U.S.—USSR trade flow. The 
second scenario assumes that all the. other ex- 


'° Detailed information regarding the excess supply/demand 
functions and the transportation costs matrix used are in Anania and 
McTalla, which can be obtained from the authors. 
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porters in the base scenario (Canada, the Eu- 
ropean Community, Oceania, and Argentina) 
agree not to increase their exports to the USSR 
above the pre-embargo levels. However, im- 
porters are left free to arbitrage. In the third sce- 
nario all countries are cooperating; that is, ex- 
porters agree not to increase their exports to the 
USSR, and importers agree not to arbitrage. The 
fourth and fifth scenarios differ from tne second 
and the third, respectively, only because Argen- 
tina is now assumed not to cooperate. (In 1980 
Canada, the European Community, and Oceania 
agreed not to increase their exports to the USSR, 
even if their actual level of cooperaticn remains 
questionable, while Argentina announced that it 
was not going to cooperate.) 

Trade flows and net: trade positions in the base 
solution are given in table 3. In the pre-embargo 
scenario the United States exports 32.7 million 
tons of wheat, and exports to the USSR equal 
5.3 million tons. The other net exporters are 
Canada (17.5 million tons), the European Com- 
munity (9.1), Oceania (12.2), and Argentina 
(4.9). Major importers are Japan (£.7 million 
tons), East Europe (5.4), USSR (14.4), China 
(12.2), Egypt (5.3), and Middle East (5.3). 

Under the first scenario, in which (a) the 
United States stops its exports to the USSR, and 
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(b) other countries do not cooperate (table 4), 
the embargo has negligible effects on the twenty- 
seven regions’ net trade positions. USSR wheat 
imports from the United States are replaced by 
increased imports from Canada and, as a result, ; 
USSR total wheat imports decline by only 59,000- 
tons. The United States, in turn, made up for 
the embargo on its exports to USSR by (a) in- 
creasing its exports toward regions they were al- 
ready exporting to, and (b) exporting 2 million 
tons to East Europe and half a million tons to 
Egypt. Essentially, if the United States imposes 
the embargo with no cooperation from the other 
market participants, the policy results in a com- 
plete failure. Net trade positions remain (al- 
most) unchanged, and only marginal welfare 
losses arise from increased transportation costs 
due to the changes in the trade flows. 

In the second scenario the U.S. embargo re- 
ceives full cooperation from all the regions ex- 
porting in the base solution (Canada, EC, Ar- 
gentina, and Oceania). They agree not to increase 
their exports to the USSR above the base so- 
lution levels. However, importers are left free 
to arbitrage. This scenario actually is very close 
to the one the United States was trying to reach 
in 1980. The results of this simulation (table 5) 
show that obtaining exporters’ cooperation does 


Table 3. The 1980 U.S. Embargo of the USSR: Base Solution; Trade Flows and Net Trade 


Positions (million tons) 


Source 
Destination U.S. Canada EC Oceania Argentina Net Trade Positions 
Other Western Europe L755 —1.755 
Japan 5.698 —5.698 
South Africa O11 —- O11 
East Europe 5.351 —3.351 
USSR 5.282 9.090 — 14.373 
China 9,395 2.792 —12.187 
Mexico .793 — .793 
Central America 2.129 —2.129 
Brazil 4.786 —4.786 
Venezuela .744 — 744 
South America 3.119 —3.119 
Sub-Saharan Africa 2.007 297 = 2-305 
Nigeria 495 510 — 1.006 
Egypt 554 4.729 .— 5.283 
North Africa 4,381 —4,381 
India .067 — 067 
South Asia 2.748 —2.748 
Indonesia 1.505 —1.505 
Thailand re of i mone Ti 
Southeast Asia 1.345 —1.345 
East Asia 2.421 —2.421 
Middle East 5.275 a A 
Net trade positions 33.702 17.498 9.110 12.248 4.901 65.211 
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Table 4. The 1980 U.S. Embargo of the USSR, Scenario No. 1: Embargo Active, No Coun- 
try Cooperating; Trade Flows and Net Trade Positions (million tons) 





Source 
Destination U.S. Canada EC Oceania Argentina Net Trade Positions 
Other Western Europe 1.758 —1,758 
Japan 5.698 —5.698 
South Africa Ot —~ O11 
East Europe 2.073 3.255 -5.328 
USSR 14.314 —14.314 
China 11.941 264 — 12.205 
Mexico . 796 —.796 
Central America 2.130 —2.130 
Brazil 4.787 —4.787 
Venezuela -744 —.744 
South America 3.122 —3.122 
Sub-Saharan Africa 2.306 —2.306 
Nigeria 1.006 — 1.006 
Egypt 532 4.746 —5.278 
North Africa 4.373 —4.373 
India .068 —,068 
South Asia 2.024 .727 ~2.752 
Indonesia ` 1.506 —1.506 
Thailand 177 — 177 
Southeast Asia 485 .862 —1.347 
East Asia 2.423 —2.423 
Middle East 5.284 —5.284 
Net trade positions 33.582 17.569 9.119 12.242 4.900 65.167 


Table 5. The 1980 U.S. Embargo of the USSR, Scenario No. 2: Embargo Active, All Ex- 
porters Cooperating; Trade Flows and Net Trade Positions (million tons) 


Source Net 
Trade 
Destination U.S. Canada EC Oceania Argentina East Eur. O.W, Eur. Positions 
Other Western Europe 3.594 —1.762 
Japan 5.699 —5.699 
South Africa O11 —.011 
East Europe 8.421 —5.347 
USSR 9.090 3.074 1.832 — 13.996 
China 12.000 228 — 12.228 
Mexico .799 —.799 
Central America 2.131 —2.131 
Brazil 4.789 —4.789 
Venezuela .745 —.745 
South America 3.126 ~—3.126 
Sub-Saharan Africa 2.308 —2.308 
Nigeria 1.006 — 1.006 
Egypt 548 4,734 —5.282 
North Africa 4.379 —4.379 
India .069 —.069 
South Asia 1.174 1.584 —2.758 
Indonesia 1.508 — 1.508 
Thailand 177 —.177 
Southeast Asia 1.348 —1.348 
East Asia 2.426 —2.426 
Middle East 5.295 —5.295 
Net trade positions 33.430 17.511 9.113 12.236 4.398 — 5.347 — 1.762 64.940 
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not guarantee effective results. USSR wheat im- 
ports are now predicted to decrease only by 
400,000 tons. USSR import price, on the other 
hand, raises by $10.48 because of increased 
transportation costs (table 9). The USSR sub- 
stitutes for its imports from the United States 
thanks to arbitrage. It imports 3 and 1.8 million 
tons from East Europe and from the non-EC 
western European countries, respectively. Both 
regions are net importers and arbitrage increased 
exports from the United States (East Europe) and 
from Canada (other West Europe). U.S. exports 
decrease by only 272,000 tons, while price falls 
by $1.32. World wheat trade falls only by 
271,000 tons. Hence, these simulations suggest 
that, even if the United States had obtained co- 
operation from the other exporters, this would 
not have assured a significant impact of the em- 
bargo because of arbitraging. Arbitraging, how- 
ever, was not considered a relevant issue during 
the policy design and implementation. 

In the third scenario (table 6) all countries co- 
operate—-exporting countries restrict their ex- 
ports to the USSR not to exceed pre-embargo 
levels, and importing countries do not arbitrage. 
The embargo impact is now significant. USSR 
wheat imports equal only 9.090 million tons, 5.3 
million tons below the pre-embargo level. If 


Spatial Trade Models 113 


Canada, which is the only country exporting to 
the USSR, does not exploit market power, then 
USSR import price is $13.49 lower than the pre- 
embargo one (table 9). U.S. exports decrease by 
2.8 million tons and the export price by $13.69. 
World wheat trade decreases by 3.7 million tons. 
It should be noted that the United States is not 
the only region paying a price for the U.S. em- 
bargo. Canada’s exports fall by almost 600,000 
tons and its export price by U.S. $13.49. EC, 
Argentina, and Oceania all experience lower ex- 
ports and prices because of the increased com- 
petition from U.S. exports in their traditional 
markets. (The same argument is in Paddock.) 

The fourth and fifth scenarios (table 7, 8) show 
that Argentina not cooperating was a sufficient 
condition to make the U.S. effort hopeless. In 
fact, when all exporters but Argentina are con- 
strained to export to the USSR volumes not ex- 
ceeding the pre-embargo levels, the impact of 
the embargo is very small. USSR imports de- 
cline only by 371,000 tons when arbitraging is 
allowed (and some arbitrage occurs), and by 
382,000 tons when importing countries are as- 
sumed to cooperate fully. 

The third scenario, in which all exporters co- 
operate and no arbitraging occurs, likely reflects 
the one assumed by the CIA when anticipating 


Table 6. The 1980 U.S. Embargo of the USSR, Scenario No. 3: Embargo Active, All Coun- 
tries Cooperating; Trade Flows and Net Trade Positions (million tons) 





Source 
Destination U.S. _ Canada EC Oceania Argentina Net Trade Positions 
Other Western Europe 1.827 — 1.827 
Japan 5.713 —5.713 
South Africa .013 = .Q13 
East Europe 5.547 —5.547 
USSR 9.090 —9.090 
China 11.575 1.043 —12.618 
Mexico 850 — .850 
Central America 2.146 —2.146 
Brazil 4.818 —4.814 
Venezuela -762 — .762 
South America 3.184 —3.184 
Sub-Saharan Africa 1.412 928 —2.340 
Nigeria O15 .993 — 1.008 
Egypt 5.345 —5.345 
North Africa .843 3.651 —4.494 
India -083 — ,083 
South Asia 1.310 1.553 —2.863 
Indonesia 1.531 —1.531 
Thailand .180 —~.180 
Southeast Asia 1.381 —1.381 
East Asia 2.480 —2,480 
Middle East 5.480 — 5.480 
Net trade positions 30.870 16.907 8.996 12.120 4.856 61.501 
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Table 7. The 1980 U.S. Embargo of the USSR, Scenario No. 4: Embargo Active, All Ex- 


porters but Argentina Cooperating; Trade Flows and Net Trade Positions (million tons) 





Source Net 
Trade 
Destination U.S. Canada EC Oceania Argentina O.W. Eur. Positions 
Other Western Europe 2.008 — 1,763 
Japan 5.699 —5.699 
South Africa O11 —.O11 
Fast Europe 5.347 —5.347 
USSR 9.090 4.668 244 — 14,002 
China 12.234 we ~ [2.234 
Mexico .800 — .800 
Central America 2.131 ~2.131 
Brazil 4.789 —4,789 
Venezuela .746 — .746 
South America 3.126 ~3.126 
Sub-Saharan Africa 2.146 158 2.304 
Nigeria 929 .077 — 1.005 
Egypt 5.282 -5.282 
North Africa .552 3.829 —4.380 
India 067 —.067 
South Asia 2.748 —2.748 
Indonesia 1.506 —1.506 
Thailand 177 —.177 
Southeast Asia 1.345 — 1.345 
East Asia 2.422 —2.422 
Middle East 1.308 3.970 ~5.278 
Net trade positions . 33.392 17.511 9.111 12.247 4,903 —1.763 64.912 


Table 8. The 1980 U.S. Embargo of the USSR, Scenario No. 5: Embargo Active, All Coun- 
tries but Argentina Cooperating; Trade Flows and Net Trade Positions (million tons) 





Source 
Destination U.S Canada EC Oceania Argentina: Net Trade Positions 
Other Western Europe 1.764 © ~ 1.764 
Japan 5.699 5.699 
South Africa O11 —.011 
East Europe 214 5.128 —5.342 
USSR 9.090 4.901 ~ 13.99] 
China 12.237 — 12.237 
Mexico .800 — .800 
Central America 2.131 ~2.131 
Brazil 4.789 —4.789 
Venezuela .746 — .746 
South America 3.127 —3.127 
Sub-Saharan Africa 2.303 —2.303 
Nigeria 1.003 .002 — 1.005 
Egypt 5.283 —5.283 
North Africa 554 3.827 -4.381 
India .067 — 067 
South Asia 2.749 —2.749 
Indonesia 1.506 — 1.506 
Thailand .177 177 
Southeast Asia 1.346 — 1.346 
East Asia 1.312 1.110 2,422 
Middle East 5.279 —5.279 
Net trade positions 33.373 17.525 9.110 12.246 4.904 64.908 
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fable 9. The 1980 U.S. Embargo of the USSR: Changes in Import and Export Prices as a 
Sonsequence of the Imposition of the Embargo (US$ per ton) 





Scenarios 
Base 
Solution 1 2 3 4 5 
J.S. 163.28 —.58 — 1.32 —13.69 ~—1.50 — 1.60 
anada 165.28 +1.62 +.28 —13.49° +.30 +.60 
3 177.18 +1.02 +.28 — 13.49 —.10 .00 
ther Western Europe 179.88 —.58 ~1.32 — 13.69 —1.50 —1.60 
lapan 179.88 —.58 — 1.32 — 13.69 —1.50 — 1.60 
ƏDceania 166.98 —.58 — 1.32 —13.69 —.20 ~ 30 
South Africa 192.78 — .58 — 1.32 —13.69 —,20 — 30 
East Europe 181.28 +1.62 +.28 —13.49 +.30 +.60 
USSR 183.08 +1.62 +10.48 —13.49* +10.30 +10.60 
china 192.18 —.58 — 1.32 — 13.69 —1.50 ~1.60 
Mexico 177.08 — 58 — 1,32 — 13.69 —1.50 — 1.60 
Central America 177.08 —.58 ~ 1.32 — 13.69 —1.50 — 1,60 
Brazil 178.28 —.58 — 1.32 — 13.69 —1.50 —1,60 
Argentina 167.98 —.38 112 — 13.49 —.30 +.60 
Venezuela 179.78 — 58 — 1.32 — 13.69 —1.50 —1.60 
South America 179.78 — 58 — 1.32 — 13.69 ~1.50 —1.60 
Sub-Saharan Africa 196.48 —.38 ~1.12 — 13.49 + .30 +.60 
Nigeria 196.48 —.38 —1.12 — 13.49 +.30 +.60 
Egypt 191.78 +1.02 +.28 — 13.49 ~.10 .00 
North Africa 191.78 +1.02 +.28 — 13.49 —.10 00 
[ndia 196.98 —.58 ~ 1.32 —13.69 —.20 —,30 
South Asia 194.78 —.38 —1.12 — 13.49 .00 ~.10 
Indonesia 190.18 —.58 ~1,32 — 13.69 — 20 — 30 
Thailand 188.18 —.58 ~1,32 —13.69 —.20 — 30 
Southeast Asia 194.78 —.58 — 1.22 — 13.49 .00 —.10 
East Asia 190.18 —.58 — 1.32 —13.69 —.20 — 30 
Middle East 189.98 — .58 — 1.32 — 13.69 —.20 — 30 


Assuming Canada does not exercise market power. 


| strong embargo impact. The fourth scenario— 
n which arbitraging is allowed, Canada, Oceania, 
ind the EC keep their exports at the pre-em- 
argo levels and Argentina does not cooper- 
ite-——represents the one closest to the actual out- 
ome. 

The results of this analysis suggest that em- 
vargoes are not effective policy instruments. 
Rather, embargo effectiveness rests on one of 
he two following conditions: (a) all countries 
ooperate (exporters by freezing their exports to 
he target country, importers by not arbitrag- 
ng), or (b) all exporters agree to freeze at the 
yre-embargo levels their exports not only to the 
arget country but to all importing regions. Both 
‘onditions are difficult to achieve. 

Finally, if all exporters agree to cooperate, they 
hare part of the cost of the embargo because 
he embargo imposing country’s exports will now 
lisplace part of their pre-embargo exports. This 
mplies that asking for cooperation in an em- 
argo scheme should be supported by either a 
eimbursement for the costs or by the guarantee 
hat the embargo-imposing country’s exports 
vould not exceed the pre-embargo level minus 


the volume exported to the country the embargo 
is imposed on.” 


it A second numerical example providing additional evidence on 
how the model proposed performs compared with NLP and VS 
models is in Anania and McCalla. This example addresses the hy- 
pothetical ex ante analysis of the granting of a preferential tariff 
reduction. Four different solutions are discussed. In the first so- 
lution—obtained using the QP and the VS models based on do- 
mestic demand and supply functions and the model proposed in this 
paper, all assuming, implicitly or explicitly, that arbitraging is al- 
lowed but constrained not to exceed domestic consumption-—one 
of the beneficiary countries switches from being an importer to being 
an exporter due to the tariff preference it is granted. Arbitraging 
occurs and the constraint on its volume is binding. The second so- 
lution has been obtained using the QP model based on excess de- 
mand and supply functions, and the model proposed leaving arbi- 
traging unconstrained. The nonpreferred exporter increases its 
exports, completely bypassing the discriminatory tariff. Its exports 
to the preference granting country are rerouted through one of the 
countries benefiting of the preferential treatment. The welfare of 
the preferred countries is lower taan that occurring under a non- 
discriminatory tariff. The third anc the fourth solutions are obtained 
using the model proposed imposing no arbitraging and assuming 
two alternative hypotheses regarding the beneficiary countries’ be- 
havior: that they collude, and that each of them makes its choice 
between being an exporter and being an importer on the basis of 
its own welfare only. In these two scenarios the preferred countries 
reach the highest welfare, and the most efficient policy outcomes 
(in terms of the welfare the preference-granting country has to give 
up in order to induce a one-unit increase in the welfare of the ben- 
eficiary countries) are obtained. 
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Conclusions 


Arbitraging is an important issue in discrimi- 
natory trade policy design and implementation. 
It may turn discriminatory trade policies into in- 
effective and very costly policy options. Pre- 
venting arbitraging is a very difficult task. 

In this paper a simple model has been pro- 
posed to analyze discriminatory trade policies. 
It improves upon commonly used spatial trade 
models by allowing countries to move from one 
side of the market to the other as equilibrium 
prices change, and it allows researchers to prop- 
erly specify their own assumptions about arbi- 
traging and/or to obtain different solutions as a 
function of different policy constraints or dif- 
ferent levels of effectiveness in enforcing such 
constraints. 

The example presented, focusing on the 1980 
U.S. embargo of the USSR, provides evidence 
on the importance of carefully considering ar- 
bitraging in the design and implementation of 
discriminatory trade policies. Different hy- 
potheses regarding arbitraging (or, more often, 
the apparently “neutral” choice among alterna- 
tive models thought to be equivalent) may yield 
contrasting forecasts of the trade policy impact. 


[Received August 1989; final revision received 
March 1990.] 
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Dynamic Adjustment in the Japanese 
Livestock Industry Under Beef 
Import Liberalization 


Thomas I. Wahl, Dermot J. Hayes, and Gary W. Williams 


Dynamic adjustment of Japanese livestock markets is analyzed under two alternative 
import policies: the 1988 Japanese Beef Market Access Agreement (BMAAj and 
complete liberalization of Japanese beef import policies. Modeling problems associated 
with these policies include the change from a quota to a tariff, the incorporation of a 
meat demand system derived from utility-maximizing behavior into a livestock policy 
model, complementarity, and changes in the degree of producer supply responsiveness 
under alternative policies. An econometric model of the Japanese livestock industry is 
used to simulate and compare the impacts of the two policies from 1988 through 1997. 


Key words: trade liberalization. 


Japanese beef producers have been protected from 
the effects of world markets by government price 
supports and trade policies since the early 1960s. 
Japanese beef import suppliers, principally the 
United States and Australia, have made numer- 
ous bilateral and multilateral attempts to liber- 
alize the Japanese market. At the same time, the 
Japanese government has resisted greater access 
to its beef markets, preferring relatively small 
increases in the quota both to appease U.S. in- 
terests and to minimize opposition from the po- 
litically powerful domestic beef producers. Bi- 
lateral negotiations between the United States 
and Japan in 1988, however, resulted in the Beef 
Market Access Agreement (BMAA), which was 
intended to liberalize the Japanese beef market 
substantially over a six-year period. 

The primary purpose of this paper is to ana- 
lyze the likely dynamic impacts of the recent 
Japanese beef import agreement upon Japanese 
livestock supply, meat demand, and beef im- 
ports. The results are compared with the effects 
of continuing a slowly increasing beef import 
quota, as existed under the previous agreement, 
and complete liberalization of beef imports. The 
paper also provides some insights into the gen- 
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eral analysis of markets under a policy-induced 
structural change. An econometric simulation 
model of the Japanese livestock and meat in- 
dustry is utilized to analyze the likely effects of 
the alternative policies. A number of associated 
modeling problems are addressed including the 
incorporation of an almost ideal demand system 
(AIDS) for meat into a more complete dynamic 
model of livestock and meat supply and de- 
mand, a shift from an import quota to a tariff 
as required under the BMAA in 1991, and the 
out-of-sample price responsiveness of livestock 
producers. 

Following a historical overview of the Japa- 
nese livestock industry and policies, a model of 
the Japanese livestock sector is discussed. Next, 
the results of simulating the liberalization of beef 
imports are presented. Finally, some research 
and policy implications are drawn. 


The Japanese Livestock Industry and Policy 


The evolution of Japan’s political economy fol- 
lowing World War II has been the primary mo- 
tivating force behind the generally protectionist 
Japanese agricultural policies. Concerns about 
food security have given agricultural producers 
a tremendous influence upon Japan’s food pol- 
icies (Longworth). Rural heritages, the electoral 
system, and the Japanese agricultural coopera- 
tives movement have reinforced the political base 
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of farmers. Immediately following World War 
Il, the majority of the population lived and 
worked on small farms. But as Japan’s economy 
recovered and grew, the population began to shift 
toward urban centers. Despite the shift in pop- 
ulation, representation in thè Diet (the Japanese 
Congress) has been not reapportioned. Conse- 
quently, the political influence of the rural dis- 
tricts has increased disproportionately, fostering 
legislation designed to protect the incerests of 
farmers and agriculturally related industries and 
to maintain food self-sufficiency levels. 

In the 1960s, Japanese self-sufficiency ratios 
for beef, pork, and chicken meat were all above 
90%. By 1988, self-sufficiency ratios for these 
three meats had dropped to 45%, 80%, and 85%, 
respectively. Japanese domestic beef supplies 
come from the native Japanese cattle (Wagyu) 
herd and the domestic dairy cattle herd. Wagyu 
cattle have traditionally been fed for long pe- 
riods (up to 30 months) to produce a highly mar- 
bled beef that sells for a substantial premium 
over the less marbled dairy beef. 

Thirty-five percent of the beef from Japanese 
dairy breeds usually grades as medium and 44% 
usually grades as common. The typical U.S. 
choice grade grain-fed beef generally falls be- 
tween these two grades. Grass-fed beef is most 
nearly equivalent to the common grade. It is un- 
usual for either dairy or imported beef to make 
the supreme, superior, or excellent grades that 
are generally reserved for beef from the Wagyu 
breed (Miyazaki). There is some evidence that 
Wagyu beef can be viewed as a separate type of 
meat and not as a perfect substitute for either 
dairy or imported beef (Hayes, Wahl, and Wil- 
liams). 

The livestock industry in Japan has had one 
of the highest levels of protection in the world. 
Historically, an import quota has been the main 
policy tool to support the domestic cattle indus- 
try and encourage beef production. Through the 
complicated import quota structure, the govern- 
ment has attempted to maintain the established 
domestic beef target prices. Then, through a fine- 
tuning mechanism of purchasing and storing or 
releasing frozen beef from stocks (the beef price 
stabilization scheme), the government has sta- 
bilized the domestic beef price around the target 
within a politically and socially acceptable range 
(the upper and lower stabilization prices). The 
rapidly increasing demand for beef in Japan has 
forced the government to allow imports to in- 
crease over time to keep prices from increasing 
significantly above the established stabilization 
range. As a consequence, Japanese domestic beef 
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prices have been higher and more stable than 
otherwise might have been the case. 

The Japanese dairy industry is protected by a 
milk price support program designed to ensure 
a stable, sufficient supply of milk. The pork in- 
dustry is protected from world competition by a 
variable import levy and an ad valorem import 
tariff. The chicken meat industry is relatively 
unprotected, but it benefits from the substitution 
effects of the other policies. 


The Beef Market Access Agreement 


In June 1988, the Japanese signed the BMAA 
and agreed to begin a phased reduction of their 
beef import restrictions. The agreement calls for 
a 60,000 metric ton annual increase in the im- 
port quota during the first three years; i.e., the 
transitional phase of the agreement beginning in 
1988. In the post-transitional phase, however, 
the quota will be removed completely in 1991 
and will be replaced by a 70% tariff.’ The tariff 
is to be reduced to 60% in 1992 and to 50% in 
1993 (table 1). 

Prior to the BMAA, the beef import quota 
consisted of a general quota and a smaller spe- 
cial quota. Only 10% of the general quota was 
allocated directly to private traders. The Live- 
stock Industry Promotion Corporation (LIPC) 
controlled the remainder of the general quota, 
which was allocated to certain Japanese trading 
companies through both the simultaneous buy/ 
sell (SBS) system and the tender system. The 
SBS system allowed Japanese buyers to import 
beef directly from foreign beef exporters. As 
shown in table 1, the SBS portion of the LIPC 
quota was relatively small (10%) in comparison 
to the tender portion (90%). However, during 
the transitional phase of the BMAA, the major- 
ity of the increase in the global quota has oc- 


curred in the SBS portion of the LIPC quota. 


The tender portion of the LIPC quota was de- 
signed to allow the LIPC to dictate the quality 
and origin of Japanese beef imports. The LIPC 
tendered licenses for imports of specific grades 
of specific beef cuts from specific markets. Li- 
censed trading companies would then purchase 
the beef from exporters in those specific mar- 
kets. The BMAA called for a phaseout of LIPC 
involvement in beef imports in 1990. 





' Additional safeguards for the Japanese allow for an additional 
25% tariff in any year of the post-transitional period in which beef 
imports increase by 20% or more over the previous year. 
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Table 1. 

Transitional Phase 
Quota 1987 1988 1989 
Global 214,000 274,000 334,000 
Special 20,000 25,000 27,900 
General 194,000 249,000 307,000 
Private 19,000 24,000 307,000 
Lec 174,600 224,100 276,300 
Tender 157,140 156,870 151,965 
SBS* 17,460 67,230 124,335 

Tariff (A) 0.25 0.25 0.25 


Amer. J. Agr. Ecor 


Japanese Beef Import Quota Levels Under the BMAA (metric tons) 


Post-Transitional Phase 


1990 1991 1992 1993 
394,000 472,000° 667,360° 680,832" 
30,000 0 0 . 0 
364,000 0 0) 0 
36,400 0 0 0 
327,000 0 0 0 
121,040 0 0 0 
196,560 0 0 0 
0.25 0.70 0.60 0.50 


“ Level of beef imports that invokes an additional 25% tariff as a safeguard measure. 


» LIPC is Livestock Industry Promotion Corporation. 
€ SBS is simultaneous buy/sell. 


Effects of the BMAA 


Although elimination of beef import restrictions 
could put pressure on the domestic Japanese cat- 
tle industry as well as on the domestic hog, 
poultry, and fish industries, the extent of the 
pressure depends upon the degree to which beef 
imports increase, the response of Japanese cattle 
producers to expected price changes, the degree 
of substitutability among meats (including fish) 
in Japanese consumption, and the policy re- 
sponse of the Japanese government. 

If the annual increases in the quota during the 
transitional period of the BMAA are large enough 
in comparison to the annual growth in Japanese 
beef demand over that period, imports might not 
increase to the higher quota levels and prices in 
Japan would fall toward world market levels. 
Even if imports reach the quota level during that 
period, beef imports could decline during the 
post-transitional period of the BMAA when the 
quota is dismantled and the import tariff is im- 
plemented. On one hand, if the tariff to be im- 
plemented is greater than the tariff equivalent of 


the quota (i.e., the percentage difference be- . 


tween the domestic and the world prices of im- 
port-quality beef), then imports will decline when 
the tariff is imposed. On the other hand, if the 
tariff is less than the tariff equivalent of the quota, 
imports will increase. Thus, whether Japanese 
beef imports increase or decrease in 1991 from 
the quota level at the end of the first three years 
of the BMAA depends largely upon the tariff 
equivalent of the quota in 1990. If the internal 
price is more than 70% above the world price 
of beef in 1990, then Japanese beef imports will 
increase in 1991. Otherwise, the imposition of 
the 70% tariff in 1991 could lead to a decline 
in imports. 


The Japanese Livestock Industry Model 


The fifty-one-equation model of the Japanese 
livestock industry used for the analysis of Jap. 
anese beef import policy contains three simul. 
taneous sectors: the Wagyu cattle, dairy cattle 
and beef cattle sector; the hog and pork sector 
and the chicken meat sector.” The cattle and hog 
sectors contain two main components: (a) live 
animal supply (breeding herd, slaughter live- 
stock inventories, animals raised, and imports’ 
and slaughter demand and (b) meat supply (pro- 
duction and imports) and meat demand (con. 
surrption). The chicken meat sector contains only 
meat supply {production and imports) and mea 
demand (consumption). The livestock supply anc 
demand system is estimated by using three-state 
least squares (3SLS), and the meat supply anc 
demand system is estimated by using iteratec 
thre2-stage least squares (IT3SLS). 


Japanese Livestock Supply and Demand 


The biological restrictions that are inherent ir 
livestock production are incorporated into the live 
animal supply and demand component. As a re- 
sult of these biological restrictions, the source 
of new animals (i.e., the breeding-herd inven- 
tories) “drives” the live animal supply compo- 
nents of the model because future production is 
determined by current decisions about breeding. 
herd size. For example, the number of animal: 
born in a given year depends upon the size o; 
beginning breeding-herd inventories. Ending in- 
ventories of feeder animals depend upon the 


? See Wahl for details of the model, estimation procedures, val 
idation statistics, and the data used. 
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number of animals born in the curren: and pre- 
vious years. And, because the time from birth 
to slaughter is constant in an annual model, pro- 
duction in the current period is determined by 
breeding-herd decisions made in previous pe- 
riods. 

In general, these producer decisions can be 
represented by the following standard theoreti- 
cal breeding-herd inventory model for cattle: 


(1) Hf = fin, Z), 


where H#* is the desired breeding-herd size at 
the end of period ż, I+; represents the expected 
profitability of raising cattle in the following pe- 
riod (the expected cattle price deflated by the 
expected feed price in period ¢ + 1), and Z, rep- 
resents other variables, such as technical change, 
that may affect the desired ending herd size in 
period t. 

A standard form of (1) for estimation can be 
derived by assuming a partial adjustment frame- 
work for inventories and adaptive pzice expec- 
tations: 


(2) H, — H,... = Hf — H,..;), end 
(3) Tha, — Hy = 6d ~ LH), 


where 7 is the coefficient of adjustment, @ is the 
coefficient of expectation, and 0 = 7, 9 = 1. 
Equation (2) suggests that, primarily because of 
biological restrictions and the cost of adjust- 
ment, changes in breeding-herd size take time; 
i.e., the breeding herd cannot adjust fully in one 
year to the long-run desired level. Equation (3) 
assumes that the change in expected profit in 
period ¢t + 1 is proportional to the current error 
in forecasting. 

Assuming a linear form of (1) and then sub- 
stituting both (2) and (3) into that equation yields 
the following breeding inventory model for es- 
timation: 


(4) H, = ag + all, + œH,- — aH,» 
T AL, a AsZ,—-}5 


where 
æo = Téa, 
a, = TOb, 
a = [1 - 7) + (1 -— 8), 
a = (1 -= PA — 8), 
Q4 = TC, 


Xs = {1 a Ac. 
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Also, a is the intercept, and b and c are the coef 
ficients of the variables in the linear form of (1) 
all other variables are as previously defined. Th 
value of 0 can be calculated directly from th 
estimated coefficients of equation (4). The re- 
maining parameters (7, a, b, and c) can be de- 
rived by a procedure suggested by Maddala, 
given a value for 6. 

Because the Japanese government has histor- 
ically maintained price stabilization bands by 
using import restrictions and buy/sell pro- 
grams, producers may consider changes in the 
government support price to be permanent in- 
dicators of future price movements. Movements 
in market prices outside the price stabilization 
band have been considered to be only temporary 
indicators of future price movements. Conse- 
quently, H, in (4) includes both the market price 
and the announced government support price, 
which implicitly assumes that producers form a 
composite forecast by using both the market and 
government pries (Granger and Newbold, Hayes 
and Wahl). 

Assuming the framework of (4) for breeding- 
herd inventories, the live animal supply and de- 
mand system for a given livestock type 1 (Wa- 
gyu cattle, dairy cattle, or hogs) is modeled by 
following the specifications of (5) through (8). 
Unless otherwise noted, all variables are sub- 
scripted by ¢ (year). 


(5) H; =a, + aP / K: + apply) 
+ QaHu-a + Qili + Qili- t ai6G;/ K;, 


(6) Ri = Qifi-1, 
(7) F; = Ay t AQR; + AR- 
(8) L; = Hra Hirt Ry t+ EE i 


Endogenous variables are H;, R;, F;, La Hiis the 
ending breeding inventory of type i (i = Wagyu 
cattle, dairy cattle, or hogs); P; is the price of 
livestock type i; K; is the cost of feed for i; Z; 
is the exogenous variable affecting breeding-herd 
size decisions for livestock type i; G; is the gov- 
ernment support price of i; R; is the offspring of 
i raised; q; is the annual birth rate of i; F; is the 
ending feeder inventories of i; L; is the slaughter 
of livestock type i; and œ and A are estimated 
parameters. 

The production cycle for chickens is only five 
to six weeks. Consequently, chicken inventory 
and slaughter equations are less meaningful in 
an annual model than they are in shorter time 
frame models. Production changes in response 
to price changes can occur within such a short 
time interval that counterintuitive price respon- 
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siveness may be estimated when using annual 
lata. Thus, live chicken supply and demand 
>quations are not included in the model. How- 
ver, chicken meat supply and consumption 
-omponents are included and discussed in the 
ollowing section. 


apanese Meat Supply and Demand 


reduction in the protection of Japanese beef 
roduction would have consequences beyond 
ose for the beef sector alone. Changes in the 
rice and quantity of beef demanded in a given 
eriod would affect the demand for other meats, 
which in turn would alter the prices and, there- 
fore, the supply of other meats in subsequent 
periods. The dynamic supply adjustments oc- 
curing in these other livestock markets would 
produce feedback effects in the beef market. 
These supply and feedback effects are usually 
ignored in most demand analyses, including de- 
mand system estimation, but are of crucial im- 
portance when the likely magnitude of the price 
changes and the period over which such changes 
are expected to occur are relatively large. 

The reliability of the analytical conclusions 
also requires internal consistency in the empir- 
ical model. For example, the sum of predicted 
consumer expenditures on individual meat items 
should equal the predicted expenditures on all 
meats. At the same time, the income-compen- 
sated effect of a change in beef prices on pork 
demand should equal the income-compensated 
effect of a change in pork prices on beef de- 
mand. Consequently, the meat demand subsys- 
tem in the model should conform to the theo- 
retical restrictions of adding up, homogeneity, 
and Slutsky symmetry. 

Incorporating these theoretical restrictions re- 
quires a systems approach to demand estima- 
tion. The choice of the aggregation level is also 
of concern. Ideally, a system including the en- 
tire food sector, or even all goods, should be 
specified and estimated. Because data limita- 
tions make including the entire food sector im- 
practical if not impossible, the meats group (in- 
cluding fish) is assumed to be separable from 
other expenditure groups in this study. 

The meat expenditure system used in the model 
follows the linear approximation of the AIDS 
(LA/AIDS) specification of Deaton and Muell- 
bauer. Consequently, the budgetary share (W) 
allocated to the ith meat item in the model is 
estimated as follows: 


Amer. J. Agr. Eco 
(9) W.=y,+ dy,in P, + Bn E/P, 


where P; is the price of good j, E is the per cap 
ita expenditures on all five meats, and P is 
suitable price index. For P, Deaton and Muell 
bauer suggest the use of Stone’s index (define: 
as in P = SW, In P). 

The LA/AIDS places no restrictions on cross 
price elasticities. Although this lack of restric 
tions may be desirable from a theoretical view 
point, utilizing a model with elasticities that ar 
contrary to a priori expectations for policy sim 
ulation analysis could lead to counterintuitiv: 
results. In this sense, the demand system wouk 
not be well behaved. In fact, the estimated elas 
ticities (with homogeneity and symmetry im 
posed) exhibit complementarity between im 
port-quality beef and chicken meat and betwee! 
pork and chicken meat. These results would lea 
to a counterintuitive increase in the simulatec 
level of chicken meat consumption in Japan, fo 
example, given a decline in the price of import 
quality beef from import liberalization. The ap 
proach taken here was to impose net substitut 
ability on the model by using a Bayesian pro 
cedure developed by Geweke as implementec 
by Hayes, Wahl, and Williams. 

To implement this procedure, the estimatec 
parameter vector and variance-covariance ma 
trix of the demand system are used to generate 
a multivariate normal distribution. Repeatec 
draws from this distribution are then made, test 
ing each vector for net substitutability. The pos 
tericr distribution is formed from the paramete: 
vectors that satisfy the inequality restriction: 


(10) yy 2 WW 


The mean of this posterior distribution will ther 
satisfy net substitutability (see Hayes, Wahl, anc 
Williams for more detail). 

The price and expenditure elasticities of the 
Japanese demand system used in the mode 
(presented in table 2) are Hicksian measures witt 
Slutsky symmetry, homogeneity, and net sub 
stitutability among meats imposed upon the es 
timated IT3SLS coefficients. All own-price 
elasticities are negative, and all compensate< 
cross-price elasticities are positive. The own-pricc 
elasticities are relatively large, especially for beef 
and imply (ceteris paribus) that any reductio1 
in the Japanese beef import barrier would leac 
to a large increase in the quantity demanded o 
import-quality beef.* The estimated expenditur 


> The term import-quality beef is used to refer to the aggregat 
of imported beef and domestic dairy beef. 
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Table 2. Japanese Meat Demand and Expenditure Elasticities 


Price or Expenditure Wagyu IQ Beef? 
Wagyu —2.48 0.44 
IQ Beef 0.26 —0.98 
Pork 0.24 0.12 
Chicken 0.19 0.03 
Fish 0.08 0.07 
Expenditure 0.75 1.51 
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Fish 


Pork Chicken 
0.71 0.42 0.90 
0.22 0.04 0.46 
~0).73 0.05 0.31 
0.07 —0.91 0.62 
0.08 0.12 —0.35 
0.98 1.15 0.92 


Note: All elasticities are Hicksian measures calculated from iterated three-stage least squares (T3SLS) estimates with Slutsky symmetry, 
homogeneity, and net substitutability imposed. These results differ slightly from those ene in Hayes, Wahl, and Williams in thai 
they use an iterated seemingly unrelated regressions (ITSUR) estimator. 

* IQ beef is import-quality beef, the aggregate of Kapanese dairy beef and imported beef. 


elasticities indicate that both Wagyu and import- 
quality beef are luxury goods in Japan. The ex- 
penditure elasticity of demand for import-qual- 
ity beef is also greater than is that for Wagyu 
beef. This result is somewhat surprising because 
Wagyu beef is more expensive in Jépan than is 
import-quality beef. 


Integrating the Supply and Demand Systems 


The full Japanese livestock industry model com- 
bines the meat expenditure system with the sup- 
ply dynamics for Wagyu cattle and beef (g), dairy 
cattle and import-quality beef (d), hcgs and pork 
(p), chicken meat (c), and fish (f). As a large- 
country representation of the industry, the model 
incorporates Japanese meat prices and import 
policies. The live animal component of the model 
consists of equations (5) through (8) for Wagyu 
cattle, dairy cattle, and hogs. A conceptual rep- 
resentation of the meat component of the model 
is represented by equations (11) through (25). 
The full model, estimated parameters, and val- 
idation statistics for the full Japanese livestock 
industry model are available from the authors. 


(11) S; = bL; 
(for i = g, d, p) 
(12) Se = S APX, T) 
(13) D; = E;/ P7 
(for i = g, d, p, c, f) 
(14) E, = WE 
(for i = p, c, f) 
(15) E; = P,D; 
(for i = g, d) 
(16) W,;=y, + S;Yij In P7 + B; In(E/P) 


(for i, j = 2, d, p, c, f) 


(17) InP = 3,W; In P? 
(for i = g, d, p, c, f) 
(18) P=) 
(19) V, = P$ — Ps 
(20) C; = D; "N 
(fori = g, d, p, c, f) 
(21) Ca 8; 
(22) Ca = Sa + Mg 
(for i = p, c) 
(24) = Mi(P7) 
(for i = d, p, c) 
(25) M; = M? 


(for i = d, p, c) 


where b is average slaughter weight; 

C;, total consumption of meat ¿ (*); 

D;, per capita consumption of meat i (*); 

E, per capita expenditure on meat i (*); 

E, per capita consumer expenditure on all 
meats (*); 

Li, slaughter of livestock type i (i = g, 
d, p) Œ); 

Ma, import quota on beef (import-qual- 
ity); 

Mi, total import supply for meat i (i = d 
P, c) (*); 

M? , total import demand for meat i (i = 
P, c) Œ); 

P, domestic price of meat i (i = 
c) (*); 

P}, world price of meat i (i = 
domestic currency (*); 

P; fixed support price of pork; 

P, meat price index (*); 

_ S; domestic supply of meat i (*); 


g, d, 


d, p, c) in 
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Se domestic supply of chicken meat (*); 

T, time trend or other shift variables af- 
ecting annual chicken meat supply; 

Vp pork variable levy (*); 

W; expenditure share of meat i (*); 

N, Japanese population; and 

B, y, estimated parameters. 
The endogenous variables in the system are 
marked with an asterisk (*) following the defi- 
nition of each. Livestock-meat price margin 
equations link the live animal and meat com- 
ponents of the model [P} = P;(P7) for i = g, 
d, p]. 

Wagyu beef is modeled as a nontraded com- 
modity. Thus, Wagyu beef is affected by beef 
imports only through the cross-price effects. Im- 
ported beef is treated as the equivalent of dairy 
beef. Pork is subject to a variable import levy, 
and chicken is free of import restrictions. The 
domestic prices of meat (P;") are determined by 
the interaction of domestic meat supply (S;) and 
demand (C;). The prices of beef, pork, and 
chicken meat supplied to Japan by the world 
market (P7) are determined by the excess sup- 
plies of each meat facing Japan (M;) and the 
Japanese import demand for each (M?). 


Data Sources 


The expenditure and price data used to estimate 
the parameters of the Japanese livestock indus- 
try model presented in the previous section are 
taken from various yearbooks and reports pub- 
lished by the Japanese Ministry of Agriculture, 
Forestry, and Fisheries (MAFF). These publi- 
cations include various issues of Statistical 
Yearbook, Statistics of Meat Marketing, Meat 
Statistics, in Japan, Monthly Statistics of Agri- 
culture, Forestry, and Fisheries, and the An- 
nual Report on the Family Income and Expen- 
diture Survey. Expenditures are calculated as the 
product of price and disappearance (retail basis) 
for each meat type. Disappearance for Wagyu 
beef, import-quality beef, pork, and chicken meat 
are calculated as the sum of production and im- 
ports, the data for which are available from the 
Statistical Yearbook. Data for consumer, whole- 
sale, and producer price indexes, family in- 
come, retail fish disappearance, and household 
family size are also available from the Statisti- 
cal Yearbook. Inventory data for live animals, 
slaughter numbers, slaughter weights, prices paid 
to farmers, wholesale prices, and wholesale-to- 
retail conversion factors are also from the Sta- 
tistical Yearbook. Retail prices for pork and 
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chicken meat aze from Meat Statistics in Japan. 
Retail fish price, from the Annual Report on the 
Family Income and Expenditure Survey, is an 
average of fresh and salted fish price series 
weighted by th2 disappearance of each. 

Although a retail beef price is available in the 
Meat Statistics în Japan, individual retail prices 
for Wagyu and dairy beef are not published. Re- 
tail Wagyu and dairy beef prices are calculated 
by multiplying the respective wholesale prices, 
available in Statistics of Meat Marketing and 
Meat Statistics n Japan, by 2.1156. This coef- 
ficient is the average ratio of total retail beef 
expenditures to tie sum of wholesale Wagyu beef 
expenditures and wholesale dairy beef expen- 
ditures. 


Beef Import Liberalization 


To analyze the effects of switching from a quota 
(i.€., exogenous imports) to a tariff (i.e., en- 
dogenous impor-s) under the BMAA, a series of 
cor.ditional statements was added to the model 
to allow beef imports to fluctuate at or below 
(but not to exceed) the established quota level 
during the transxtional period of the agreement. 
During the post-cransitional period, beef imports 
are endogenously determined by supply and de- 
mand, which was accomplished by normalizing 
(23) on beef imports and adding an international 
price linkage equation that included the tariff (7) 
to tae model: 


(26: Fy = Py +7). 

Beginning in 1991, the model automatically 
switches from a quota to the tariff specification, 
with the tariff set at the BMAA levels. If beef 
imports do not reach the quota level in any year 
befare 1991, however, the model switches to the 
tariff specification in that year with the 25% tar- 
iff currently in p.ace as called for in the agree- 
ment. 

To allow for changes in the degree of pro- 
ducer price responsiveness following liberali- 
zation, the relative weights in the composite 
producer price fcrecast used in (5) shift to ac- 
court for the discontinuation of the government 
prices. The weigit on the government price is 
reduced to zero, and the weight on the market 
price is increased to one. For the Wagyu sector, 
the consequence s an increase in the elasticity 
of the breeding herd with respect to the market 
price from 0.008 -o 0.10. The elasticity with re- 
spect to the market price in the dairy breeding- 
herd equation increases from 0.047 to 0.14. 
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Two alternative policies are also considered 
to provide comparison with the BMAA: (a) 
complete, immediate liberalization in 1988 and 
(b) continuation of the 1984 agreement to allow 
quota increases of only 9,000 metric tons per 
year. These two alternatives represent the likely 
upper and lower limits, respectively, of the beef 
import liberalization effects of the BMAA on 
the Japanese livestock industry. Complete lib- 
eralization is modeled in the same manner as is 
the BMAA during the post-transitional phase 
except that the tariff is set to zero for 1988 
through 1997. The continuing quota simulation, 
on the other hand, assumes that the beef import 
policy prior to the BMAA remains in place. The 
quota is increased by 9,000 metric tons per year 
and the beef support prices are set at their 1987 
levels. This quota policy is modeled in the same 
manner as that of the transitional period of the 
BMAA except that the quota is allowed to in- 
crease by only 9,000 metric tons per year through 
1997. 


Simulation Results 


The simulation results suggest that, under the 
BMAA, Japanese beef imports will reach 
394,000 metric tons by 1990, fulfilling the quota, 
and then increase by 263,000 metric tons in 1991 
as a result of the shift to an import tariff (fig. 
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1).* Beef imports under the BMAA are pro 
jected to reach 1.2 million metric tons by 1997 
The substantial increase after 1990 in Japanes 
beef imports represents an opportunity for U.S. 
Canadian, Australian, and New Zealand bee 
exporters to significantly increase exports to Ja 


pan. | 

Complete liberalization of beef imports pushes 
imports to nearly 1.5 million metric tons in 1988 
and to over 2 million metric tons by 1997 be- 
cause of the increased demand for beef by con- 
sumers at the substantially lower world beef 
prices. In the continuing quota simulation, how- 
ever, beef imports reach only about 300,000 
metric tons in 1997. 

The Japanese dairy steer carcass price, which 
also represents the price of imported beef in the 
domestic market in this model, is directly af- 
fected by the alternative import policies. Under 
the complete liberalization policy, dairy steer 
carcass price drops dramatically (by almost 68% 
in the first year) and remains at about that level 
for the remainder of the forecast period (fig. 2). 
Under the BMAA, dairy steer carcass price drops 
somewhat during the transition from a quota to 
a tariff in 1990—91 and then drops gradually un- 
til 1994, after which the tariff is assumed to re- 
main at 50%. 





* The predicted increase in beef imports in 1991 appears to be 
relatively large. In reality, it is likely that infrastructural constraints 
and the reticence of consumers to alter expenditure patterns may 
shift some of the additional imports to later years. 
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Figure 1. Beef import levels under complete liberalization, the BMAA, and an import quota 
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Figure 2. Dairy steer carcass price under complete liberalization, the BMAA, and an im- 


port quota 


Wagyu steer carcass price (not shown) is af- 
fected by the changes in beef import policies only 
through cross-price effects with the other meats. 
Under complete liberalization, Wagyu steer car- 
cass price drops by 19% from 1987 to 1988, 
compared to the 68% drop in dairy steer carcass 
price. Under the BMAA, Wagyu steer carcass 
price decreases by less than 4.5% below quota 
levels until 1990. After 1990, BMAA levels of 
Wagyu steer carcass price remain about 10% 
below quota levels. 

The Wagyu breeding herd is relatively unaf- 
fected by either the BMAA or complete liber- 
alization, falling below projected continuing quota 
levels by 11% in 1991 and by 5% in 1997 (fig. 
3). Initially, the Wagyu breeding herd falls be- 
low continuing quota levels under the BMAA 
and complete liberalization.. After 1990, how- 
ever, the herd rebuilds and follows the same 
general cycle as the quota. The increase in the 
breeding herd level after 1988 under the con- 
tinuing quota results from assumed decreases in 
feed costs that result from lower grain prices and 
exchange rates. 

Under pressure of growing imports, the dairy 
cattle breeding herd decreases continuously 
through the end of the period under the BMAA 
(fig. 4). Under the continuing quota simulation, 
however, the dairy cattle breeding herd in- 
creases until 1992 because of predicted lower 
feed costs and continued high milk prices and 


then declines gradually until the end of the fore- 
cast period. Under complete liberalization, the 
dairy cattle breeding herd decreases more rap- 
idly than under the BMAA. Nevertheless, by 
1997 the complete liberalization level is less than 
6% below the BMAA result. 

The impact of the alternative import policies 
on beef production is shown in figures 5 and 6. 
Wagyu beef supply is nearly equal in the three 
scenarios by 1997, with little deviation in the 
period before 1997. The implication is that the 
BMAA will likely lead to about the same result 
for the Japanese beef industry as a more im- 
mediate, complete liberalization would have, al- 
beit more slowly. Dairy beef supply, on the other 
hand, is 19% lower under the BMAA and 31% 
lower under complete liberalization than is the 
case under the continuing quota scenario by 1997. 

Table 3 presents projected dairy beef produc- 
tion, beef imports, and import-quality beef con- 
sumption for 1988, 1991, and 1997. Projected 
per capita consumption for import-quality beef 
and Wagyu beef and total beef consumption are 
alsc presented for comparison. The results sug- 
gest that per capita disappearance of import- 
quality beef under the BMAA could more than 
double by 1997, whereas Wagyu beef disap- 
pearance will likely change little. 

The carcass price of hogs changes relatively 
little over the 1988 to 1997 period under all the 
policy alternatives because pork import policies 
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Figure 3. Wagyu cattle breeding-herd ending inventories under complete liberalization, the 


BMAA, and an import quota 


are assumed to remain in place.” Because the 
changes in hog prices are relatively small, the 
hog breeding-herd inventory, pork supply, and 
pork consumption also change little. 

Chicken meat supply is projected to increase 





* For a discussion of the Japanese pork trade, see Pieri, Meilke, 
and MacAulay. 
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at- a steady rate under the quota and to remain 
virtually unchanged under complete liberaliza- 
tion and the BMAA. Chicken meat imports and 
disappearance under either scenario remain al- 
most unchanged from the levels under the quota. 
This relative lack of responsiveness to changes 
in beef import policy results from the low cross- 
price elasticities in the meat demand system. The 
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Figure 4. Dairy cattle breeding-herd ending inventories under complete liberalization, the 


BMAA, and an import quota 
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Figure 5. Wagyu beef supply under complete liberalization, the BMAA, and an import 
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Figure 6. Dairy beef supply under complete liberalization, the BMAA, and an import quota 


retail price of chicken meat changes little over 
the period under the alternative policies. 
Sensitivity Analysis 


Simulation of the alternative import policy re- 
gimes requires a number of assumptions on model 


structure and exogenous variables. Two partic- 
ularly crucial assumptions with significant po- 
tential to affect the simulation results involve (a) 
measuring the tariff equivalent of the current beef 
import quota and (b) the predicted rate of growth 
of total consumer expenditures on meat. 
Measurement of the price wedge between the 
domestic and imported beef price is crucial when 
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able 3. Projected Japanese Beef Production, Imports, and Consumption for 1988, 1991, 
nd 1997 Under Alternative Beef Import Policies | 








Total® Per Capita Consumption” 
Dairy Beef Beef IQ° Beef IB Wagyu Total 
Production Imports Consumption Beef Beef Beef 
annem nnn (1,000 mt) --------------------- anamananeeeen (KE) -------n-nnnnn anne 
188 
omplete liberalization 41] 1,470 1,871 10.72 1.15 11.87 
MAA 382 274 656 3.86 1.il 4.97 
uota 374 214 588 3.31 1.06 4.37 
91 
omplete liberalization 372 1,610 1,942 10.94 1.05 11.99 
MAA 382 657 1,020 5.75 1.11 6.86 
nota 366 241 596 3.36 1.29 4.65 
97 
‘complete liberalization 218 2,070 2,300 12.57 0.98 13.55 
MAA 332 1,230 1,543 8.43 0.99 9.42 
ota 413 295 694 3.80 1.02 4.82 
carcass basis. 


Retail cuts basis. 


(Q beef is import-quality beef, the aggregate of Japanese dairy beef and imported beef. 


alculating the tariff equivalent of the quota be- 
ause the magnitude of the price drop imposed 
nder complete liberalization and during the post- 
‘ansitional phase of the BMAA will have a sig- 
ificant effect on the simulated results. If the 
rice wedge used to calculate the tariff equiv- 
lent is artificially small, understated tariff 
quivalents will be calculated, and misleading 
olicy implications may result. The appropriate 
order price to use when calculating the tariff 
quivalent is the central issue. Unfortunately, 
ccurate historical observations of the border price 
f beef in Japan are difficult to obtain because 
1€ Japanese import several different cuts and 


qualities of beef. The Japanese have tended to 
import more of the high-quality middle cuts to 
maximize their quota rents. Consequently, the 
average import unit value is an upwardly biased 
estimate of the true cost of imported beef. 

A comparison of November 1988 U.S. beef 
prices for chilled and frozen primal cuts and full 
sets (carcasses) on a CIF Tokyo basis with the 
corresponding prices of U.S. beef in the Japa- 
nese wholesale market is presented in table 4. 
The calculated tariff equivalent ranges from 63% 
for frozen tenderloin to 327% for chilled full sets. 
Note that the tariff equivalents presented in ta- 
ble 4 do not include a profit markup by im- 


‘able 4. Tariff Equivalents of U.S. Chilled and Frozen Beef, FOB, CIF, and in the Jap- 


nese Wholesale Market for November 1988 





U.S. Insurance and Japan Tariff 
FOB Freight U.S. CIF . Wholesale Equivalent 
a A E -=——-—--— (Yen/kg) --~-------—- (%) 
thilled beef 
Striploin 2.88 0.22 918.45 1,900.0 106.40 
Tenderloin 4.88 0.22 1,510.99 3,200.0 111.30 
Chuck roll 1.41 0.22 482.93 1,950.0 302.87 
Full set 1.04 0.22 373.31 1,600.0 327.63 
rozen beef 
Striploin 2.88 0.22 918.45 2,525.0 174.30 
Tenderloin 4.88 0.22 1,510.99 2,475.0 63.43 
Ribeye roll 3.91 0.22 1,223.61 2,250.0 83.46 
Brisket 0.99 0.22 358.49 1,125.0 213.10 
Full set 1.04 0.22 373.31 1,190.0 218.05 


lote: U.S. prices are taken from the USDA Market News and the Japanese wholesale prices of U.S. beef are taken from the Japan Meat 
ournal. The exchange rate used is 134.67 yen/U.S. dollar. The insurance and freight cost is based upon a $484/mt shipping rate. FOB 
; the cost free on board and CIF is cost, insurance, and freight. 
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porters or exporters. The tariff equivalents for 
chilled beef (except striploin) are much higher 
than are those for frozen beef, which may re- 
flect either Japanese preference for chilled rather 
than frozen beef or institutional barriers. Be- 
cause most of the beef imported by Japan is fro- 
zen, the tariff equivalent used in the projections 
is based on the difference between the frozen 
full sets price and an assumed 10% profit mar- 
gin for importers. The resulting tariff equivalent 
is approximately 190% in 1988 compared to 
slightly less than 100% when the average import 
unit value for beef is used to calculate the tariff 
equivalent. 

The potential effects of the alternative mea- 
sures of the tariff equivalent upon projected 
BMAA beef import levels are illustrated in fig- 
ure 7. Using a U.S. price plus transportation costs 
measure (High T) results in substantially higher 
levels of beef imports compared to the results 
of using the average import unit value (Low T). 
The 400,000 metric tons divergence in the re- 
sults by 1997 is attributable entirely to the dif- 
ference in the assumptions about border price 
levels and demonstrates the importance of ac- 
curately measuring the tariff equivalent of the 
quota. 

With regard to total consumer meat expen- 
ditures, this study assumes that the annual rate 
of growth in those expenditures over the fore- 
cast period is equal to the 2.5% average annual 
rate of growth for 1981 through 1987. A higher 
or lower assumed growth rate would likely have 
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a significant affect on the forecast growth rat 
of Japanese beef consumption and, therefore, o 
beef imports. 

Figure 8 illustrates the impact of the BMA. 
upon beef imports, given a low growth rate (1% 
and a high growth rate (4%) of meat expend 
tures, compared to the assumed 2.5% growt 
rate. The projected level of beef imports in 199 
under these three growth rate assumptions range 
widely from 1.6 million metric tons under th 
high growth rate assumption to 1.2 million met 
ric tons under the 2.5% growth rate assumptio 
end 0.9 million metric tons under the low growt 
rate assumption. 


Summary and Conclusions 


This paper utilizes dynamic simulation analysi 
to consider the likely consequences of alterna 
tive Japanese beef import policies on the Japa 
nese livestock industry and beef imports. Th 
policies analyzed are the recently signed BMAA 
complete liberalization, and a continuation of th 
previous policy of small annual increases in th 
import quota. Measuring the changes resultin 
from these policy alternatives created modelin 
d‘fficulties, which included the incorporation o 
a meat expenditure system into a more complet 
dynamic model of livestock supply, a shift fror 
an import quota to a tariff as required under th 
BMAA in 1991, and the out-of-sample price re 
sponsiveness of livestock producers. 
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BMAA beef imports under high and low tariff rate assumptions 
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igure 8. BMAA beef imports under alternative total meat expenditure growth rate as- 


amptions 


The analytical results lead to a number of 
miclusions and implications for policy. The 
“ojected level of beef imports under complete 
beralization suggests that the potential Japa- 
>se beef market may be over 1.6 million metric 
ms by 1991 and over 2 million metric tons by 
397. During the transitional phase of the 
MAA, beef imports are likely to increase to 
e quota level each year. During the >ost-tran- 
tional phase, the additional 25% tariff provi- 
on is likely to be invoked. Beef imports are 
‘ojected to increase by over 67% in 1991 under 
e BMAA and to reach 1.2 million metric tons 
y 1997. | 
The dairy beef industry in Japan will be greatly 
fected under the policy alternatives. The dairy 
ceeding herd is projected to decrease by about 
2% in 1991 under the BMAA and by about 
L% under complete liberalization, relative to 
e results under the quota, because of the sub- 
antially lower dairy steer carcass price. 

The Wagyu beef industry likely will be af- 
‘cted much less than will the dairy industry un- 
>r the alternative policies. The Wagyu breed- 
ig-herd inventories are projected ta decrease 
ithin the range of about 11% to 15% in 1991 
id from 5% to 8% by 1997, relative <o the lev- 
s projected under the continuation of the quota, 
scause Wagyu producers are relatively unre- 
yonsive to price changes. 

The Japanese hog and chicken industries will 
kely be little affected by the implementation of 


alternative policies. The hog industry will be 
unaffected because the current variable levy is 
assumed to remain in place. The chicken in- 
dustry is relatively unaffected because of the low 
cross-price elasticities with the other meats. 

The results of the study are sensitive to as- 
sumptions about the tariff equivalent and the 
growth rates of total meat expenditures used. 
Consequently, the direction of the change and 
the comparisons in the movements in the vari- 
ables under the alternative scenarios in this study, 
are likely more useful and accurate than are the 
absolute magnitudes of the simulated values of 
those variables. Also, many of the modeling 
techniques developed here may be useful for the 
other studies of this type that will be necessary 
during the ongoing GATT negotiations. 


[Received December 1988; final revision 
received March 1990.] 
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[he Competitive Structure of U.S. 
Agricultural Exports 


Janiel H. Pick and Timothy A. Park 


1e competitive structure of U.S. agricultural exports is examined using a model of 
‘porter behavior based on pricing decisions across destination markets. Market power 
revealed in the adjustment patterns of export prices in response to exchange rate 
ovements. The results reject the hypothesis that the export pricing decisions by U.S. 
cms are consistent with price discrimination across destination markets for cotton, 
xm, and soybeans. The strongest evidence against the competitive market structure is 
ytained for international trade in wheat, where results indicate that the two largest 
porters (Soviet Union and PRC) may exert market power to obtain lower prices. 


ey words: agricultural exports, exchange rate, imperfect competition, monopoly, 


onopsonist, price discrimination. 


ecognizing the link between imperfect com- 
etition and international trade policy, a diverse 
t of models of imperfect competition have been 
eveloped to explain price formation in inter- 
ational agricultural trade (McCalla, Sarris and 
reebairn, Paarlberg and Abbott, Kolstad and 
urris). This paper is motivated by Krugman’s 
bservation that tests for imperfect competition 
ı international trade can be based on the ob- 
srved pricing decisions of exporters. Exporters 
lay exercise market power by adjusting prices 
» different export destinations, resulting in a form 
f price discrimination. This pricing-to-market 
?TM) behavior pertains to decisions by ex- 
orters to maintain or even increase export prices 
hen facing currency depreciation relative to the 
nporter’s currency. 

The PTM phenomenon has been largely ne- 
lected in agricultural trade analysis. Given the 
ominant U.S. trade shares of many agricultural 
ommodities, pricing decisions by U.S. export- 
cs should be examined for behavior consistent 
ith PTM. For example, the U.S. has been a 
ajor exporter of wheat, corn, soybeans, and 
xtton throughout the 1980s and, until the late 
I70s, soybean meal and soybean oil. 

In this paper, a model of PTM is applied to 
„S. exports of wheat, corn, cotton, soybean, 
id soybean meal and oil. The main objective 
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is to develop testable hypotheses about the ex- 
istence of market power in international com- 
modity trade using the PTM framework. A model 
of imperfect competition is presented based on 
pricing decisions by exporting firms across des- 
tinations. The model is modified to account for 
price discrimination by government interven- 
tions such as the Export Enhancement Program 
(EEP). 

The first section summarizes previous studies 
on the competitiveness of international agricul- 
tural markets. The second section outlines the 
basic model and presents an empirical specifi- 
cation designed to test exporter behavior. Sec- 
tions three and four discuss the data sources, re- 
sults, estimation, and a model extension. The 
model extension accounts for the possibility that 
importers exercise monopsony power in the wheat 
market. Conclusions and directions for future 
research then are presented. 


Imperfect Competition in Agricultural 
Markets 


The literature review first considers the main 
approaches to modeling imperfect competition 
in agricultural commodity trade, mainly in wheat, 
and then considers models based on industrial 
organization approaches to imperfect competi- 
tion in international trade. Imperfectly compet- 
itive pricing behavior in the international wheat 
market was mentioned by Mendelsohn and 
Farnsworth in the 1950s, but McCalla first in- 
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troduced a duopoly model of the international 
wheat market. His model included Canada and 
the United States, with Canada as the price leader. 
Alaouze, Watson, and Sturgess developed a 
triopoly model which incorporated Australia as 
a major exporter. Carter and Schmitz proposed 
a model in which wheat importers exercised 
monopsony power and imposed import tariffs 
on wheat to maximize welfare gains. An infor- 
mal test of the model was based on a compar- 
‘ison of actual prices with empirical estimates 
derived from the optimal tariff solution. 

Oligopoly theory spurred the development of 
other models investigating imperfect competi- 
tion in agricultural trade. Sarris and Freebairn 
modeled international prices as the outcome of 
a Cournot equilibrium in which pricing policies 
for individual countries were determined by 
maximizing domestic welfare. Simulations of the 
world wheat market were performed to examine 
the effects of various trade liberalization sce- 
narios. Karp and McCalla applied a Nash co- 
operative dynamic game to the international corn 
market and developed multiperiod reaction 
functions for both importers and exporters. Kol- 
stad and Burris developed a spatial equilibrium 
model in which countries acted as Nash quantity 
competitors in the international wheat market. 
Actual trade flows and predicted trade flows from 
the model were compared to validate the model. 

Paarlberg and Abbott combined a model of 
oligopoly in international markets with domestic 
interest group influence to endogenize domestic 
agricultural policy formation. Model validation 
was based on comparisons of actual and pre- 
dicted trade and price levels for wheat. 

Two key points should be emphasized. First, 
price discrimination based on pricing to market 
and incomplete pass-through of exchange rate 
movemenis to export prices has not been ad- 
dressed for trade in agricultural commodities. 


Second, the models reviewed here reflect a di- - 


verse set of behavioral assumptions, sets of agents 
and countries, and modeling and validation 
techniques for imperfect competition in inter- 
national agricultural trade. The models provide 
indirect evidence for the validity of their un- 
derlying behavioral assumptions using simula- 
tion analysis and comparisons of observed and 
predicted market conditions. Statistical tests for 
market power which distinguish directly be- 
tween perfect competition and imperfectly com- 
petitive pricing decisions have not been pre- 
sented. 

This paper develops a modeling approach based 
on firm pricing decisions which yields simple 
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statistical tests of market power, encompassing 
perfect competition and two models of imper- 
fect competition. The technique can account for 
specific market characteristics of a commodity. 
It is proposed as a prelude to the development 
of full-scale models of imperfect competition. A 
prime motivation for this study is to apply the 
theoretical developments and empirical tests de- 
veloped in industrial organization to trade in ag- 
ricultural commodities (Dornsbusch, Knetter, 
Feinberg). 


Price Discrimination in International Trade 


The scenario developed to identify the compet- 
itive structure of a market is based on the in- 
complete pass-through of changes in the ex- 
change rate to import prices. Krugman discussed 
the possibility that incomplete pass-through will 
result from price discrimination by exporters to- 
ward importing countries. When export prices 
of foreign firms are maintained or even in- 
creased as the currency of the importing country 
appreciates, PTM has occurred. 

Knetter proposed a model which distinguishes 
between a competitive market and two models 
of imperfectly competitive behavior. The ex- 
porter is assumed to export to N different mar- 
kets with individual import demand in each 
market, i= 1,.. .,N, represented as 


(1) Git = fiS Pi) Vio 


where q; is the quantity demanded by market i 
in period ¢, py is the export price to market 7 in 
the exporter’s currency in period ¢, s; is the ith 
importer’s currency per exporter’s currency ex- 
change rate in period f, and v; is a demand shif- 
ter. The cost structure for the exporter is a func- 
tion of the total quantity exported and a cost 
function shifter 6,: 


(2) C, = C(2qi)6:. 


Given (1) and (2), the profit-maximization prob- 
lem is 


N 
(3) Max m = >) (Pagi) — Ca 


i=] 


The first-order condition is derived by differ- 
entiating (3) with respect to the choice variable 
Pz, and expressed in terms of elasticities: 


(4) Pit = ©: leu/ (Ex B 1), 
ihe Nt = hro 
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where c, is the exporter’s marginal cost in period 
t, and e is the demand elasticity for imports in 
each of the importing countries in period t. 

Expression (4) represents the familiar optimal 
profit-maximization conditions for the price-dis- 
criminating monopolist, equating marginal cost 
to marginal revenue in each market. When the 
exporter behaves as a perfect competitor, de- 
mand elasticities are infinite and do not vary 
across destinations. Price then equals marginal 
cost (p; = c), and prices are equal across all 
destinations. 

In order to test for alternative market struc- 
tures, Knetter proposed the following cross-sec- 
tional—time-series equation: 


(5) In py, = 0, + A; + B; ln Si t lin 


where 0, is the time effect, A; is the country ef- 
fect, and u,, is the error term. Equation (5) can 
be used to distinguish between three models of 
market structure. In the competitive market 
structure, export prices will be the same for all 
destinations; because there is no country effect, 
A = 0. Changes in the bilateral exchange rates 
will not affect bilateral export prices, implying 
B = 0. The time effects represented by 8, will 
measure the common price for all destinations. 

The second and third structural models in- 
volve imperfect competition with price discrim- 
ination across destination markets. The second 
model assumes constant elasticity of demand with 
respect to the domestic currency price in each 
of the importing countries, a reasonable approx- 
imation for slight movements along the demand 
curve. In such a model, the markup over mar- 
ginal cost as given in (4) is constant but may 
vary over time and across destinations, implying 
A # Q. Shifts in bilateral exchange rates do not 
influence export prices to various destinations, 
implying B = 0. 

The third model is based on price discrimi- 
nation with varying elasticities of demand. Un- 
der this scenario, the demand elasticities may 
vary with changes in the exchange rate. Con- 
sider a depreciation of the domestic (importer) 
currency relative to the foreign (exporter) cur- 
rency. The price faced by domestic consumers 
then increases. If the demand elasticities remain 
constant, then the second case results in which 
exporters are faced with a constant elasticity de- 
mand schedule. However, if demand elasticities 
change, then the optimal markup over marginal 
cost will change and export price will thus de- 
pend on exchange rates. Krugman referred to 
this scenario as pricing to market because the 
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optimal markup by a price-discriminating mo- 
nopolist will vary across destinations and with 
changes in bilateral exchange rates. In terms of 
(5), this model implies that A # 0 and B # 0. 


U.S. Agricultural Exports 


The model in equation (5) is applied to five ma- 
jor commodities to test for noncompetitive mar- 
ket structure in United States agricultural ex- 
ports. The five commodity groups and their 
respective commodity codes (SITC) included corn 
(0440045); wheat not donated (0410040); cotton 
(2631040); soybeans (2222040); and soybean oil, 
cake, and meal (0810024). Data were compiled 
on a quarterly basis for the 1978—88 period. 
Quantity and value data were available from the 
U.S. Department of Commerce Schedule E. The 
value data are FAS (free alongside ship), which 
exclude the cost of loading or any other charges 
or transportation costs beyond the port of ex- 
portation. The quantity and value data were used 
to generate the price (unit value) variable. Ex- 
change rate data were available from the Inter- 
national Financial Statistics published by the 
International Monetary Fund, while the real ex- 
change rates were calculated using the respec- 
tive CPI as deflator. Official exchange rates for 
the Soviet Union, the People’s Republic of China 
(PRC), and Thailand were used in the study,' 

For each commodity a pooled cross-sec- 
tional—time-series model was specified with T 
x N observations for each model. There are T 
— 1 time dummy effects (6,) and N — 1 country 
dummy effects (A). Only the major importers 
were considered in the analysis. 

Tables 1 through 5 summarize the results for 
each commodity, using both nominal and real 
exchange rate measures. A significant relation- 
ship between export prices in any export desti- 
nation and the bilateral exchange rate implies a 
rejection of the constant elasticity model. The 
number of nonzero coefficients, or violations of 
the constant elasticity model, was approxi- 
mately the same for each regression using either 
nominal exchange rates or real exchange rates. 


! Although these exchange rates are not determined in the free 
market, they are adjusted by the respective governments to reflect 
economic conditions. For the Soviet Union, it is often argued that 
the price of gold or the trade balance should be used as a proxy to 
the exchange rate. However, the exchange rate for the Soviet Union 
is monitored and changed on a monthly basis and is a reasonable 
proxy for an exchange rate which reflects economic conditions in 
the Soviet Union. Both exchange rate coefficients for the Soviet 
Union and the People’s Republic of China ‘in® the: wheat, equation 
were not significant. : ai gee 


po 
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Positive and significant coefficients on the ex- 
change rate variable occurred four times for both 
specifications of the exchange rate variable. A 
‘negative coefficient is consistent with a model 
of price discrimination in which exporting firms 
adjust prices in export markets to offset local 
exchange rate movements. Positive coefficients 
imply that exporters in the United States adjust 
prices upward as the local currency appreciates, 
exacerbating the impact of exchange rate move- 
ments. 

Results for the cotton market in table 1 do not 
support price discriminating behavior across 
destination markets. Using the nominal ex- 
change rate measure, only the exchange rate 
coefficient for Portugal differed significantly from 
zero at the 10% level. The remaining country 
effects were not statistically significant. Using 
the real exchange rate measures produced three 
significant country effects (Canada, Italy, and 
South Kerea) and no significant exchange rate 
coefficients. F-tests for VA; = 0 and V8; = 0 
were not significant. 

Knetter noted that the influence of any par- 
ticular foreign supplier on prices in a specific 
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market will be reduced as the number of foreign 
suppliers to a particular country increases. These 
results, which indicate the absence of market 
power, are consistent with the structure of the 
international cotton market in which a relatively 
large number of exporters makes it difficult for 
the United States to exercise market power. 

Table 2 summarizes the results of the corn 
market. The results do not support the hypoth- 
esis that the United States as the largest exporter 
of corn engages in price-discriminating behavior 
in the international corn market. A possible ex- 
planation for the results is that corn is usually 
exported as feed grain; therefore, the importers 
face various substitution possibilities among feed 
grains. Only Mexico, in the nominal exchange 
rate regression, yielded significant country and 
exchange rate coefficients. Mexico imports corn 
for tortilla production and, therefore, corn is im- 
ported as food rather than feed grain. The rel- 
evant F-tests were not significant. 

These results are consistent with Karp and 
McCalla’s model of the international corn mar- 
ket using a noncooperative difference game. The 
results from the difference game suggested that 


Table 1. Country Effects and Exchange Rate Ccefficients for Cotton 
Nominal Exchange Rate Real Exchange Rate 
Destination À B A B 
Canada —0.249 0.705 —0.293* 1.004 
(—1.540) (1.392) (—1.670) (1.324) 
Germany —0.068 —0.033 —0.213 0.084 
(—0.391) (—0.227) (—1.149) (0.555) 
Hong Kong —0.282 0.023 —0.528 0.143 
(—0.847) (0.170) (—1.042) (0.524) 
Indonesia ~—0.500 0.062 —0.924 0.120 
(—0.936) (0.825) {—1.264) (1.123) 
Italy 0.425 —0.08q4 —3.112* 0.418* 
(0.499) (—0.727) (—2.254) (2.124) 
South Korea —1.221 0.163 —2.782* 0,397 
(—1.151) (1.028) (—1.682) (1.582) 
Philippines —0.239 0.009 —9.502 0.109 
(—1.093) (0.124) (0.981) (0.495) 
Portugal 0.472 ~Q.117* —0.482 0.093 
(1.450) (—1.799) (—0.597) (0.487) 
Spain 0.162 0.075 0.211 -0.097 
(0.316) (—0.703) (0.293) (~0.628) 
Taiwan —0.678 0.130 — 1.436 0.324 
(—0.721) (0.499) (—1.135) (0.945) 
Thailand ~—0.128 0.004 —0.186 0.001 
(—0.840) (0.092) (- 1.174) (0.029) 
United Kingdom 0.07€ 0.149 
(0.44€) (0.755) 
R? = 0.50 F? = 0.50 
F rp = 0.86 Fer = 0.86 
Fam LH Fox = 0.99 





Note: Values :n parentheses are t-values. Asterisks denote t-values significant at the 10% level. Ferg is the F-value for testing whether 


VB; = 0. Fey is the F-value for testing whether VA; = 0. 
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Table 2. Country Effects and Exchange Rate Coefficients for Corn 


Nominal Exchange Rate 


Real Exchange Rate 


Destination A B À B 

Belgium 0.012 —0.031 —0.003 ~0.014 
(0.054) (—0.537) (--0.024% (~0.453) 

Japan —0.229 0.034 —0.029 0.005 
(—0.687) (0.545) (—0.072) (0.073) 

South Korea 0.242 —0.045 0.237 —0.037 
(0.528) (—0.651) (0.324) (—0.331) 

Mexico 0.107* —0.021* 0.254 -0.059 
(1.680) (—2.464) | (1.109) (-0.920) 

Netherlands 0.046 —0.086 0.023 0.006 
(0.540) (— 1.149) (0.266) (--0.089) 

Portugal 0.054 —0.030 —0.279 0.060 
(0.382) (—1.063) (—0.772) (0.708) 

USSR —0.026 —0.106 0.019 -0.094 
(—0.487) (—1.084) (0.318) (—0.952) 

Spain —0.024 —0.012 —0.112 0.018 
(—0.106) (—0.262) (-—0.344) (0.263) 
Taiwan —0.508 0.140 —0.293 0.093 
(—1.207) (1.208) (-—0.515) (0.602) 
United Kingdom 0.068 —0.324 
(0.909) (—0.214) 
R = 0.86 RP = 0.85 
Foy = 0.95 Fo, = 0.31 


Note: Values in parentheses are t-values. Asterisks denote f-values significant at the 10% level. Fer is the F-value for testing whether 


VB; = 0. Fey is the F-value for testing whether VA; = 0. 


U.S. producers gain most when the U.S. be- 
haves competitively even though the United 
States is in the strongest position to disrupt world 
trade. By contrast, an oligopoly model devel- 
oped by Mitchell and Duncan provided weak 
support for U.S. price leadership in the coarse 
grain market during the period 1965—81. 

The soybean market results are summarized 
in table 3. The United States is the major ex- 
porter of soybeans, accounting for about 70% 
of global soybean trade. Increased production 
and exports from Argentina, Brazil, and Para- 
guay have diminished only slightly the U.S. 
share. Brazil’s trade policy is designed to insure 
an adequate supply of soybeans for the domestic 
crushing industry. Trade restrictions and value- 
added taxes have discouraged the export of soy- 
beans, while tax credits have been used to pro- 
mote the exports of soybean oil and meal. 

The characteristics of international trade in 
soybeans and processed soybeans suggest that 
an imperfectly competitive market structure could 
result. However, the results do not support this 
hypothesis, mainly because of the use of various 
substitutes and other exporters for oilseed prod- 
ucts. Only in the case of Netherlands, behind 
Japan as the second largest importer of soybeans 
from the United States, did the results yield sig- 


nificant coefficients for the exchange rate vari- 
able (both nominal and real) and the country 
effect. These significant coefficients for Neth- 
erlands may reflect the importance of the crush- 


- ing industry in the Netherlands. Both F-tests were 


not significant. 

The soybean oil, cake, and meal results are 
summarized in table 4. In the soybean meal 
market, the U.S. share of global exports is 
slightly more than 20%. Increased competition 
from Argentina, Brazil, and the European Com- 
munity (EC), primarily Spain and Portugal, have 
steadily eroded the U.S. share since the late 
1970s. The U.S. share of global soybean oil ex- 
ports is similar to that for soybean meal. Ar- 
gentina, Brazil, and the EC are again the main 
competitors. 

The country effect and exchange rate coeffi- 
cient for Canada and West Germany were sig- 
nificant when using both the nominal and real 
exchange rate measures. The joint F-tests for the 
country effects and exchange rate coefficients 
were significantly different from zero when the 
nominal exchange rates were used in the esti- 
mation. In the specification using real exchange 
rates, only the F-test for the exchange rate coef- 
ficients was significant. 

The evidence in support of price discrimina- 
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Table 3. Country Effects and Exchange Rate Coefficients for Soybeans 





Nominal Exchange Rate Real Exchange Rate 
Destination À a: À B 

Belgium —0.199 0.052 ~-0.066 0.017 
(—0.962) (0.934) (-0.715) (0.659) 

Germany 0.019 0.008 0.020 ~—0.002 
(1.137) (0.100) (1.166) (—0.031) 

Italy —0.008 —0.027 0.001 -0.041 
(—0.126) (0.556) (0.009) (--0.529) 

Japan 0.199 —0.013 0.289 —0.015 
(0.568) (=0.233) (0.538) {(—0.240) 

United Kingdom 0.068 —0.090 0.081 —0.096 
(0.244) (—1.407) (0.234) {(— 1.303) 

South Korea --0.033 0.002 —0.041 —0.098 
(—0.877) (0.667) (—0.890) (—0.974) 

Mexico 0.022 —0.001 0.652 —0.026 
(1.133) (—0.315) (0.992) (—0.466) 
Netherlands 0.159* —0.160* 0.154* —0.145* 
(2.602) (—2.439) (2.417) {(—2.247) 

Spain 0.148 —0.023 0.107 0.003 
(0.744) (—0.685) (0.563) (0.690) 

Taiwan 0.002 0.002 
(0.453) (0.485) 

R? = 0.85 R? = 0.85 
Foy = 1.26 Foy = 1.01 


Note: Values in parentheses are ¢-values. Asterisks denote ¢-values significant at the 10% level. Fzg is the F-value for testing whether 
7B; = 0. Foy is the F-value for testing whether VA, = 0. 


ion for soybean oil, cake, and meal was mixed. significant. The results for the soybean meal 
Che significant coefficients on country effects market reflect the availability of substitutes that 
or Canada and West Germany indicate that the exist in the meal market. The availability of 
Jnited States may have exercised market power substitutes can restrain countries (or firms) from 
n these countries. The findings should be in- exercising market power. 

erpreted with caution, however, because the The strongest evidence to support price dis- 
-oefficients for the other four countries were not crimination occurred for the wheat market, pre- 


Table 4. Country Effects and Exchange Rate Coefficients for Soybean Meal 


Nominal Exchange Rate Real Exchange Rate 
Destination A B À B 
Canada —0.306* 0.599* —0.342* }.117* 
(—2.789) (1.687) (—2.072) (2.094) 
Germany —0.364* 0.234* —0.310* 0.164 
(—2.699) (1.819) (— 1.798) (1.473) 
[taly 0.572 —0.109 1.202 —0.203 
(0.987) (—1.330) (1.218) (—1.449) 
Mexico ~0.133 0.016 —0.425 0.109 
(—1.329) (1.138) (—1,196) (1.090) 
Netherlands —0.223 0.033 —0.184 —0.007 
{— 1.620) (0.282) (— 1.043) (—0.066) 
Venezuela —0.047 —0.050 
(—0.979) (—0,.560) 
R? = 0.57 R? = 0.57 
Fre = 2.13* Fer = 1.93* 
Fen = 2.68* Fen = 1.78 


Note: Values in parentheses are f-values. Asterisks denote t-values significent at the 10% level. Fg is the F-value for testing whether 
78; = 0. Foy is the F-value for testing whether VA; = 0. 
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Table 5. Country Effects and Exchange Rate Coefficients for Wheat 


Nominal Exchange Rate 


Real Exchange Rate 


Destination À B À B 
China 0.187* —0.017 0.874* ~0.011 
(2.562) (—0.494) (4.525) (-—0.334) 
Egypt 0,198* —0.024 0.791* ~0.018* 
(2.459) (—0.335) (4.189) (~-3.879) 
Japan 0.088 0.033 0.885* 0.013 
(0.274) (0.569) (2.345) (0.206) 
South Korea 0.918* —Q.107* 1.928* —0.157* 
(2.397) (—1.827) (3.164) (—1.710) 
Venezuela 0.237* 0.067* 0.777* 0.165* 
(2.831) (2.404) (3.792) (3.327) 
USSR 0.247* —0.036 0.934* —0.024 
(3.358) (—0.395) (4.823) (—0.266) 
Taiwan 0.618 —0.089 1.305* ~—0.088 
(1.604) (—0.844) (2.708) (--0.697) 
Philippines 0.138* 0.472* 
(4.910) (5.345) 
EEP —0.213* —Q.237* 
(—9.317) (—10.98]) 
R? = 0.90 R = 0.90 
Fre = 5.02* Fer = 6.746* 
Foy = 2.71* Fon = 5.406* 


Note: Values in parentheses are t-values. Asterisks denote 1-values significant at the 10% level. Fe is the F-value for testing whether 
VB; = 0. Fey is the F-value for testing whether VA; = 0. EEP represents the coefficient measuring the effect of the EEP. 


sented in table 5. Since the analysis includes the 
period in which the EEP was implemented, 
equation (5) was modified to account for this 
policy intervention. The EEP program was es- 
tablished in response to export subsidies by the 
European Economic Community. Under the 
program, targeted countries are eligible for sub- 
sidized wheat exports. Among the targeted 
countries included in this study are the People’s 
Republic of China, the Soviet Union, Egypt, and 
the Philippines. A dummy variable was set equal 
to one for all periods and countries during which 
the EEP was in effect and zero otherwise. 

The results indicate that five of the country 
effects and three of the exchange rate coeffi- 
cients were significant in the regression using 
the nominal exchange rate. All country effects 
and four of the exchange rate coefficients were 
significant when real exchange rates were used. 
The F-tests of VB; = 0 and VA; = 0 were strongly 
rejected, thus rejecting the hypothesis of per- 
fectly competitive market structure in the wheat 
market. 

In both regressions the coefficients isolating 
the EEP effect were negative and highly signif- 
icant. This result indicates that the EEP had a 
significant negative impact on the unit export 
value of wheat to the targeted countries. The 
impact of targeted export subsidies such as the 
EEP for the world wheat market was examined 


in more details by Seitzinger and Paarlberg us- 
ing a Nash bargaining model linked to a spatial 
price equilibrium model. 

Wheat export behavior by the United States 
is not consistent with complete pass-through of 
exchange rates changes to importers. The evi- 
dence supports the model of imperfect compe- 
tition with price discrimination across destina- 
tion markets. Pick and Skully confirmed that 
significant premiums and discounts in United 
States wheat exports to different countries exist, 
even after accounting for class differences and 
the Export Enhancement Program. Further em- 
pirical work should investigate if significant 
country effects reflect quality differences among 
wheat exports.’ 


Model Extensions 


While Knetter’s model proposes a distinction 
between a competitive and imperfectly compet- 
itive market structure, large buyers may behave 
as monopsonists. Carter and Schmitz, and Love 
and Murniningtyas have suggested such behav- 
ior in the international wheat market. An im- 


? See Veeman and Wilson for the effects of different quality char- 


acteristics on the international wheat prices. 
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| porter’s influence on its purchase prices may de- 
pend on its relative market share. 

To examine the impact of monopsony power 
in international wheat trade, a term which mea- 
sures the import share of each country from the 
United States (7;,) was added to equation (5). This 
variable was added to capture the possibility that 
large importers are able to capture monopsony 
rent. Thus, if a country can exercise monopsony 
power and obtain a lower price, the coefficient 
on the import share would be negative and sig- 
nificant. 

Table 6 presents the estimated share coeffi- 
cients in the wheat market using both real and 
nominal exchange rate measures in equation (5). 
The share coefficients for the People’s Republic 
of China were negative and significant in both 
regressions. The Soviet Union’s share coeffi- 
cient was negative and significant when using 
the real exchange rate measure. Because both 
China and the Soviet Union are the largest im- 
porters of wheat, these results suggest some ex- 
ercise of monopsony power. The estimates for 
Japan did not yield a significant share coeffi- 
cient. Thus, the conclusions by Carter and 
Schmitz, and Love and Murniningtyas, which 
suggested that Japan exerts monopsony power 
in the international wheat market, were not sup- 
ported by this analysis. 

Additional support for these findings was pro- 
vided by Blandford, who estimated market share 
model for wheat and corn. Based on the results, 
the importing countries are ranked according to 


Table 6. Market Share Coefficients in the 
Wheat Market 


Nominal Exchange 


Real Exchange 


Destination Rate Rate 
China —0.560* ~0.454* 
(—2.431) (~2.148) 
Egypt —0.225 -0.673 
(—0.458) (~1.314) 
Japan —0.334 ~0.443 
(~-0.665) (--0.809) 
South Korea —0.229 -0.629 
(—0.266) (—0.708) 
Philippines 0.220 0.305 
(0.135) (0.174) 
USSR —0.240 ~0.358* 
(- 1.325) (~ 1.962) 
Taiwan 2.360 2.060 
(1.461) (1.198) 
Venezuela 0.115 — 1.303 
(0.063) (0.665) 
R? = 0.90 E = 0.90 


Note: Values in parentheses are f-values. Asterisks denote f-values 


significant at zhe 10% level. 
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criteria which reflect favorable conditions for the 
United States in each of the markets. The wheat 
export markets of the Soviet Union and the PRC 
ranked almost last (exceeding only the EEC wheat 
market) compared to the other markets consid- 
ered. 


Conclusions 


The competitive structure of agricultural exports 
from the United States is examined using a model 
of exporter behavior based on pricing decisions 
across destination markets. Market power in in- 
ternational agricultural trade is revealed in the 
adjustment patterns of export prices in response 
to currency movements. A pooled cross-sec- 
tion—time-series regression model is specified 
amd econometric tests are presented to distin- 
guish between a competitive market and two 
models of imperfect competition. 

The results reject the hypothesis that the ex- 
port pricing decisions by U.S. firms are consis- 
tent with price discrimination across destination 
markets for cotton, corn, and soybeans. The re- 
sults are ambiguous for the soybean oil, cake, 
and meal markets, indicating potential price dis- 
crimination against Canada and West Germany. 

The strongest evidence against the competi- 
tive market structure is obtained for interna- 
tional trade in wheat. A.share variable accounts 
for the impect of large importers of wheat from 
the United States. The share coefficients are 
negative and significant for the PRC and the So- 
viet Union, the two largest importers. As their 
import shares from the United States increase, 
these countries obtain lower prices for their im- 
ports. 

A reviewer has suggested that price discrim- 
ination may occur in the margins between CIF 
and FOB prices. Large multinational exporting 
firms dominate the market for chartering and 
shivping services and may exercise market power 
by influencing the margins. However, Binkley 
and Harrer noted that the structure of the ship- 
ping industry ensures that freight rates remain 
flexible and do not deviate significantly from the 
costs of shipping. This lends support for the 
model of pricing to market developed here based 
on prices which are exclusive of loading or 
transportation costs. However, an important re- 
search topic is to formally develop tests for price 
discrimination based on the margins between CIF 
anc. FOB prices. 

This research highlights the link between in- 
dustrial organization models and export-pricing 
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decisions in international agricultural trade. Fu- 
ture work might examine the relationship be- 
tween exchange rate adjustments and pricing to 
market in specific industries, focusing on mar- 
ket concentration within an industry and alter- 
native sources of supply. The extent of pricing 
to market across different commoditizs and in 
different countries should also be investigated. 


[Received December 1989; final revision 
received May 1990.] 
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Are More Exports Always Better? 
Comparing Cash and In-Kind 


Export Subsidies 


Robert G. Chambers and Philip L. Paarlberg 


Cash and in-kind export subsidies are compared. It is found that the ability to enhance 
real farm income via export subsidies is sensitive both to the farm (cash vs. in-kind) 
and the point of policy intervention. In-kind subsidies of the type granted under the 
Export Enhancement Program can in fact reduce real-farm income. Export subsidies are 
examined under three separate scenarios: no target price or nonrecourse loan programs, 
a target price but no nonrecourse loan program; and a nonrecourse loan program but no 
target price program. The presence of a nonrecourse loan program dampens the impacts 


of both cash and in-kind export subsidies. 


Key words: agricultural trade, export subsidies, Export Enhancement Program. 


Before the introduction of the Export Enhance- 
ment Program (EEP), two types of export sub- 
sidies had been used by the United States: a di- 
rect cash subsidy for wheat exports and an export 
payment-in-kind (PIK) for feed grains, cotton, 
rice, and nonfat dry milk. Under the original ex- 
port PIK program, exporters showing proof of 
export sales were given certificates redeemable 
for Commodity Credit Corporation (CCC) com- 
modities to be exported (Cochrane and Ryan). 
The EEP reintroduced in-kind export subsidies 
in 1985. 

This paper compares the relative effectiveness 
of cash and PIK export subsidies in increasing 
agricultural exports, real prices, and real in- 
comes. Because agricultural policy ultimately 
must be judged by how it affects agriculture’s 
relative position in the economy, the framework 
is general equilibrium. The model considers the 
interplay between farmers, international middle- 
men, nonfarm producers, domestic consumers, 
and foreign consumers. The analysis shows that 
the ability to enhance real farm income is sen- 
sitive both to the form (cash subsidies versus 
PIK subsidies) and point of policy intervention 


Robert G. Chambers is a professor of agricultural and resource eco- 
nomics, University of Maryland; Philip L. Paariberg is an associate 
professor, Department of Agricultural Economics, Purdue Univer- 
sity. 

Scientific Article No. A6104, Contribution No. 8269 of the 
Maryland Agricultural Experiment Station. 

The authors would like to thank, without implicating them, Bruce 
Gardner and Brian Fisher for helpful comments. 


(at the farm or export level). In particular, the 
results demonstrate that PIK subsidies of the type 
granted under the EEP can decrease real farm 
income. From production agriculture’s perspec- 
tive, an export PIK program (even though it raises 
tctal agricultural exports) is not a sure path to 
improving agriculture’s position in the general 
economy. Sometimes less exports are better. 
We first introduce the model. The second sec- 
tion reexamines, solely for comparative pur- 
poses, the consequences of introducing cash 
subsidies to commercial exporters. The third 
section examines in-kind export subsidies given 
to farmers, and the fourth considers in-kind sub- 
sidies to commercial traders. The fifth section 
reexamines these results when the real target price 
of the agricultural good is fixed. Next, tied PIK 
export subsidies are considered. Finally, the ef- 
fects of contemporaneous existence of price- 
support operations on the results are discussed. 


The Model 
Technology and Preferences 


There are two countries. In the home country, 
four goods are produced: a nontraded agricul- 
tural intermediate good, a nontraded nonagri- 
cultural intermediate good, a traded agricultural 
good, and a traded nonagricultural good. Inter- 
mzdiate-goods production is governed by the in- 
put-nonjoint producible output set: 
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(1) YW, Ki, K) = G Z2) 3 Zi 


Z 
E YL; K;) (i Te 1, 2); > L; — a 
i=l 


where z E€ R}, L; EC R, KER G@ = 1, 2) 
and Y,(K;, Lò is a scalar-output producible out- 
put set satisfying usual properties (Chambers). 
The index 1 refers to the intermediate agricul- 
tural good. L; and K; are a mobile factor devoted 
to the production of good i and the total endow- 
ment of a nontraded ith sector-specific factor, 
respectively. The total endowment of the mobile 
factor of production, L, is in fixed supply and 
not traded internationally. The production tech- 
nology is thus of the Ricardo-Viner type famil- 
iar from trade theory (Jones, Dixit and Nor- 
man). Moreover, assume that 


(2) Y(tK;, tL) = tY({K;, L) t> 0. 


Production of each intermediate output satisfies 
constant returns to scale. 

A dual representation of the technology is the 
restricted profit function: 


(3) 
ti p;, W; K;) = Max {PiZi — wl; : y; E Y{K;, L)} 
Lizi 
= Kyr{pi, w), 


where w is the price of the mobile factor of pro- 
duction and p; (i = 1, 2) is the price of the ith 
intermediate good. The linearity of (3) in K; fol- 
lows from constant:returns to scale. Expression 
(3) is the quasi-rent accruing to the ith sector- 
specific factor and mp; w) (i = 1, 2) is the 
rental rate of the ith sector-specific factor of 
production. Each 7;(p,, w) is convex and posi- 
tively linearly homogenous in its arguments, 
nondecreasing in p;, and nonincreasing in w. 
Moreover, assuming that a unique solution to 
(3) exists implies by Hotelling’s lemma that (3) 
is differentiable and that 


OT (Dis w) 


(4) Lip, w, K) = —K; i= 1,2, 


aw 


where Lp: w, K;) is the profit-maximizing de- 
rived demand for the mobile factor in the ith 
intermediate industry. 

Because K,77,(p;, w) is the quasi-rent accruing 
to the owners of the ith sector-specific input, it 
is interpreted as the income accruing to the ith 
sector. Thus, K,77,(p;, w) is farm or agricultural 
income. (For example, K, can be interpreted as 
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agricultural land.) Using the Ricardo-Viner 
technology permits identification of how differ- 
ent sectors’ real inomes are affected by export 
policies. Thus, the focus is on the real-income 
distributional effects of these programs. No wel- 
fare analysis based on a community indifference 
curve is presented for two reasons: (a) because 
all the policies considered below amount to the 
domestic country giving away real income [see 
equations (9)], the competitive assumptions of 
the model insure that the country must fall to a 
lower indifference curve as a result of the pol- 
icy; (b) the aggregation conditions required for 
the existence of such a community indifference 
curve [individual expenditure functions must be 
of the GL form (Muellibauer)] are so restrictive 
that little realism is gained by their imposition. 

Domestic demand for the ith intermediate good 
is given by the well-behaved demand functions 
C(P;, P2, E) (i = 1, 2), where E is expenditure 
on goods 1 and 2. Each c; is homogenous of 
degree zero in its arguments and is integrable. 
Because the first intermediate good is an agri- 
cultural good, Engel’s law suggests that its in- 
come elasticity is small. Coupling this low elas- 
ticity with the relatively small percentage of 
income spent by U.S. consumers on food sug- 
gests that little generally is lost by assuming that 
0c, / JE = 0.7 

National income (J) is the sum of payments 
to the mobile factor of production and quasi-rents 
to the sector-specific factors of production: 


2 
(5) [= > Kim DPi w) + wL. 


i=] 


The traded goods are processed versions of 
the intermediate goods that are ready for export. 
Let y, and y, be the quantities of the traded 
agricultural and nonagricultural commodities, 
respectively. For simplicity, the process of con- 
verting the intermediate agricultural and non- 
agricultural products into final exports delivered 
to the foreign country is represented by the con- 
stant-returns-to-scale technologies: 


(6) : Ya = ay, 
Ye = By>. 


This technology is assumed to include transpor- 


' This assumption is made mainly to sharpen the analysis and 
reduce notational clutter. All of the results that follow generally are 
ambiguous if income effects on the agricultural good are allowed. 
However, so long as these effects are small, which empirical evi- 
dence (George and King) suggests is the case, they will be domi- 
nated by the more direct price effects discussed below. 
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tation and marketing services for trade which 
otherwise leave the commodity unchanged.” 

International demands for commodities a and 
b are given by the foreign excess demand func- 
tions: 


qi = gdp /pE) (i= a,b). 


Here př represents the price of commodity i in 


the foreign country. It is assumed throughout that ` 


qi) is an excess demand function such that 
q's > 0 and q, < 0. (Again, to avoid compli- 
cating the model we have presumed foreign in- 
come effects are negligible.) 


Equilibrium 


All markets are perfectly competitive. This as- 
sumption may appear strong given the Schmitz 
et al. allegation that the international grains 
market is characterized by quasi-monopolistic 
traders. The assumption is made for three rea- 
sons. It allows isolating the effects of export 
subsidies without confounding them with the ef- 
fects of monopolistic practices by international 
middiemen. Thus, if a policy is found to affect 
farmers adversely, it can be attributed to the 
policy and not the actions of the middlemen. If 
farmers cannot gain in the presence of compet- 
itive middlemen, they are even less likely to gain 
with noncompetitive middlemen. Second, Bieri 
and Schmitz; McCalla; Alaouze, Watson, and 
Sturgess; and Chambers and Woolverton have 
already analyzed the implications of various 
policy alternatives in the presence of interna- 
tional grain cartels and quasi-monopolistic trad- 
ers. In particular, Chambers and Woolverton have 
shown that the institution of a grain cartel could 
hurt farmers. Third, the grain traders maintain 
that they are low mark-up pricers making their 
profits on volume and not price manipulation. 
Caves presents empirical evidence supporting this 
claim. This characterization fits the technology 
described by (6) above. 

The equilibrium conditions for the model in 
the absence of government intervention are the 
following: 


* More generally some would argue strongly that fixed costs as- 
sociated with processing are large, e.g., grain for export. This could 
be incorporated into the present model by replacing (6) with a quasi- 
homothetic technology. Expression (6) can also be easily gener- 
alized to include competitively provided inputs for a more general 
production structure without seriously affecting the analysis. 
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(7) 
Mobile factor 


2 
ITP W 
i=1 ow 


Intermediate goods 


077,(Pi, w) 
K, ————— = ¢;(py, pa, E) + ay, 
Op; 
ôT Pa, w) 
200 = CPi, Pr, E) + dy, 
dp2 


Traded goods 
Ya = Gal DE/DE) 
Yo = Qo pi /pĚ) 


International middiemen 
PaYa T Piaya = 0 
PY, — Prby, = 9 
Budget constraint 
E=], 


where a = 1/a and b = 1/f. 

The first equation in (7) is the equilbrium 
condition for the mobile factor of production in 
the home country. The second and third equa- 
tions state that domestic production of the in- 
termediate goods equals demand by domestic 
consumers for the intermediate goods plus the 
de-ived demand by international middlemen for 
the intermediate goods. The fourth and fifth 
equations are the market-clearing conditions for 
the traded goods sectors. The next two equa- 
tions are the zero-profit conditions required by 
free entry and exit of middlemen. The last is the 
domestic consumer budget (balance of trade) 
constraint. 

The equation system in (7) has ten unknowns: 


(Pi, P2» Par Po» pe, Pi, W, E; Yas Yb). 


Absent government intervention, however, 
competitive behavior insures that p; = p* (i = 
a, b).? There are enough equations to solve for 
ali the unknowns. 

To develop the relationship between p, and p, 
and p, and p,, substitute the final-good produc- 


? The analysis assumes, unlike the 1956 situation but approxi- 
mately like the 1985 situation, that the domestic and world prices 
are the same. 
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tion functions (6) into the middleman’s zero-profit 
conditions. The price of the intermediate goods 
l and 2 equals the price of the corresponding 
final good times a and f, respectively: middle- 
men are mark-up pricing. Use the equilibrium 
conditions in the traded goods market to incor- 
porate the foreign excess demands into the equi- 
librium conditions for the intermediate goods. 
Income can be substituted for E in the demand 
functions by the budget constraint. Thus, the 
system of equations is reduced to a three-equa- 
tion system plus the international price linkages: 


07 (ADPa, W Om , W 
(8) K, {ap ) +K (BPs, w) Si 
ðw 
077\(apz, W) 
— T3 c;(ap,, BP», I) 
Op , 
— aq,( pž/př) = 0 
Om. (BPs, w) 
K, ——"— — copa, PPa, D) 
opz 


— ba pž/př) = 0. 


The homogeneity properties of demands and 
supplies imply one price can be selected as the 
numèraire. Let w be the numèraire and real-prices 
Bi = pi/w, PF = př /w (i = a, b), and I = I/w. 
All purchasing power and prices, therefore, are 
measured in terms of units of L. With little loss 
of generality, all normalized prices are assumed 
initially to equal one. 


Cash Export Subsidies 


Although the general equilibrium effects of ex- 
port subsidies are well understood, they are 
briefly reviewed here to permit easy comparison 
with the PIK subsidy results. 

Introducing cash export subsidies for the traded 
agricultural commodity requires modifying the 
price-linkage between the domestic and foreign 
markets. The real per unit subsidy is denoted § 
(we presume that initially 5 = 0). The relation- 
ship between domestic and international prices 
is then 


Da = Pa — S. 
A cash export subsidy must be financed out of 


domestic income. Equation (5) is modified to 
read in normalized terms: 


(9) I= Km lapa 1) 
7 K,17,(Bp,, HEL = yy 
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The first three terms give the real income earned 
by factors of production, and the last term is the 
real export subsidy cost. 

The effects of introducing this subsidy are 
captured by 


6p, 1 , 
(10) mm = [K20,,,728(aq,)| 
os Á 
OP, Í 
— = — — [KJ malag), 
ag A [ i¥wp*fi ( q J 
where 


A= KO yp alaqa — CB) 
— Kð yp PE pma ~ Cy, — aqa). 


Here the notaton 90,7, means the second par- 
tial derivative of m, with respect to price i and 
price j. 

The profit function m;( ) is convex in p and 
w. Hence „pm; is nonnegative. The homoge- 
neity and convexity of m: imply 0 wmr; < 0. With 
only two consumption goods complementarity 
is excluded. The terms c,; (j = 1, 2) are thus 
the Hicksian-demand slopes (recall dc,/dE = 0) 
and hence are of opposite signs with c}, < 0 and 
Cy > 0. Thus, A is unambiguously positive. 

Inspection of the numerators in (10) now yields 
unambiguous results: 0f,/d5 > O and ap,/as5 < 


‘QO. The real domestic price of the traded agri- 


cultural good rises while p, falls. (Qualitative 
results are summarized in table 1.) Conse- 
quently, the price of the agricultural interme- 
diate good rises, and the price of the interme- 
diate nonagricultural good falls. 

World market prices react differently than do- 
mestic prices. The export subsidy lowers the 
border price of the agricultural good facing the 
foreign country. [Note the first expression in (10) 
is less than one.] The foreign country’s border 
price for the nonagricultural good also falls as 
Pp, falls because there is no policy intervention 
in this market. Consequently, trade expands be- 
cause the excess demands of the foreign country 
have negative slopes. 

The effect of the cash export subsidy on real 
sectoral income can now be easily inferred. Be- 
cause p, and p, both rise, the properties of r; 
imply that real farm income rises with the cash 
export subsidy. (Recall total real income to the 
ith specific factor is K:a,(p;, 1) which is non- 
decreasing in p;.) On the other hand, because p 
falls real nonagricultural income falls. The real 
income of the mobile factor, L, falls relative to 
farm income and rises relative to nonagricultural 
income. Farmers benefit from a cash export 
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Table 1. Effects of Alternative Subsidies 
Without Target Price or Loan Rate With Target Prices 
Total Real Total Real 
Pa Pe Di pro @W(P:1,1) Farm Income pP, Pe Bp; D 7,(p;,1) Farm Income 

Cash export subsidy + ~ + - + + + QO + QO 0 0 
PIK to farmers sf Se = = ? = Q = g 0 ? 
PIK to middlemen = oF Sy ? ? - 0 ? Ọ 0 ? 

With Loan Rates 
Cash export subsidy + - + =- + + 


PIK to farmers —-— + — + -— 
PIK to middlemen 


| 
3 
~ 
~2 
~v 


subsidy given to the international middleman, 
while nonfarmers lose. 


In-Kind Export Subsidy to Farmers 


In modeling in-kind subsidies to farmers, the in- 
kind subsidy amount is not considered a portion 
of current supply or demand. It only consists of 
accumulated government stocks. As was true 
when the EEP was initiated, these stocks are ini- 
tially assumed isolated from the market and not 
price sensitive. Moreover, we assume initially 
that these stocks do not comprise a portion of 
current flow income of the government. (Both 
assumptions are relaxed below.) Thus, the in- 
kind subsidy yields a rightward shift in inter- 
mediate agricultural-commodity supply. The 
analysis, reminiscent of trade growth models, 
therefore focuses solely on the consequences of 
an in-kind export subsidy to which farmers have 
first title and not a PIK program where PIK pay- 
ments compensate producers for retiring acreage. 

Denoting the in-kind subsidy as PIK, the in- 
termediate agricultural market-clearing condi- 
tion is respecified 


ðm (p, I 
(11) PIK+K, TEPL 
= ¢,(p;, Pa, 1) + aya 


Introducing a PIK subsidy is analyzed by dif- 
ferentiating the new equilibrium conditions and 
evaluating all derivatives at PIK = 0 to get 








OP 
(12) aPIK A fup TB < 0; 
ð 5 aae, 
a = Oyp 77 > 0. 


ont 


The real] price of the traded agricultural com- 
modity falls while the traded nonagricultural 
commodity reel price rises. Contrast this with 
the cash export subsidy result where ñ, rises and 
p, falls. The cash and PIK export subsidies have 
opposite effects: To see why notice that the PIK- 
induced rightward shift in agricultural supply 
makes the agricultural price fall to soak up the 
resulting excess supply at original prices. The 
real nonagricul-ural price rises to divert demand 
from the nonagricultural commodity to the ag- 
ricultural comnaodity. As a result of these price 
adjustments, p, falls while p, rises. These latter 
real prices movements imply that the real rental 
rate on the agricultural-specific factor (7,(p,, 1)) 
falls while m(5,, 1) rises. Agriculture’s share 
in earned national income falls relative to that 
of the mobile factor and to the owners of the 
nonagricultural-specific factor. Again, contrast 
this with the results for a cash subsidy. 

As the real prices of the agricultural traded 
and intermediate goods fall, so do commercial 
(nongovernmen: stock) exports of the traded ag- 
ricultural commodity. Total agricultural exports 
rise because of tne lower world price of the traded 
agricultural gocd relative to the ‘nonagricultural 
good. Noncommercial (PIK) exports actually | 
displace commercial agricultural exports. 

Although 7,(9,, 1) falls, farmers may not lose 
because the PIK subsidy is made directly to them. 
Because farmers have title to the PIK amount, 
a necessary condition for their real total income 
to rise as a result of introducing a PIK payment 
is 


a(3,) PIK _ —PIK 
ƏFIK (P) ho 


Expression (13° illustrates that when total de- 
mand for the intermediate agricultural commod- 
ity is very price inelastic, introducing a PIK 


(13) 
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subsidy to farmers causes a large fall in p,. The 
induced effect on farm income is both large and 
negative. For farmers to gain from the subsidy, 
the PIK amount must be large relative to farm 
production. In contrast, when total demand for 
the intermediate agricultural commodity is very 
elastic, the PIK subsidy acts as a virtual lump- 
sum transfer to farmers and tends to raise their 
incomes. 

- That a PIK export subsidy to farmers can make 
farmers worse off apparently has not been clearly 
understood. Granting the PIK export subsidies 
to farmers has much the same effect s exoge- 
nous growth in a traditional trade mode_.* There, 
growth, via an increased endowment or tech- 
nical change, causes an adverse terms-of-trade 
shift which counters the gain from the output 
expansion (Dixit and Norman). If the worsening 
terms-of-trade effect is large enough to domi- 
nate the gain from increased output, national 
welfare falls—growth is “immiserizing.” 
Whether growth is immiserizing is governed by 
the elasticities of the model. Here, however, the 
PIK subsidy always deteriorates the terms of trade 
which in turn always adversely affects the ex- 
port sector (agriculture). On balance, this ad- 
verse trade effect outweighs the PIK giveaway 
if (13) is not satisfied. 


In-Kind Subsidy to Exporters 


Now consider what happens when the PIK sub- 
sidy is paid directly to international m:ddlemen. 
Three recent analyses consider this type of sub- 
sidy. Houck examines a general export bonus 
scheme where the in-kind payment is tied to 
commercial exports (also see below). Hillberg, 
and Seitzinger and Paarlberg model EEP in a 
bargaining theoretic framework. Non2 of these 
studies consider the general equilibrium conse- 
quences of such PIK subsidies. 

When the EEP was announced in spring 1985, 
great care was taken to prevent domestic resale 
of the PIK subsidies. Sales were targeted at spe- 
cific countries, and in-kind subsidies were granted 
only to companies which had already made sales 
agreements with importing nations. Tne attempt 
to shield domestic markets from a FIK export 
subsidy was not new. Starting in 1956, a PIK 
payment to subsidize wheat and flour exports 
had been available to exporters from CCC stocks. 
Certificates redeemable for CCC stocks were 
made available to exporters upon proof of ex- 





1 We owe this interpretation to an anonymous reviewer. 
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ports from private wheat stocks, but the wheat 
taken from CCC stocks could only be sold for 
export (Cochrane and Ryan). 

The EEP provisions and the 1956 PIK pro- 
gram suggest that whether a PIK grant to ex- 
porters can be resold domestically has important 
consequences. But it is easy to show that the 
fungible nature of internationally traded com- 
modities makes such export provisions irrele- 
vant: the same equilibrium conditions emerge 
whether exporters can resell the PIK grant do- 
mestically or not (Chambers and Paarlberg). 
Here, we only consider a PIK grant whieh must 
be exported. 

Consider a PIK export subsidy given to the 
exporting companies which must be exported. 
The equilibrium condition for the intermediate 
agricultural good remains the same, but y, must 
now be interpreted as purchases by the trading 
firms for “commercial” exports. The equilib- 
rium condition for the traded agricultural good 
must be modified to reflect the PIK subsidy. To- 
tal exports now equal “commercial” exports plus 
PIK exports: 


qa(p*/pi) = a(PIK + y,). 


Because the exporting companies sell the PIK 
but only buy y, on the domestic market, their 
zero profit condition becomes 


(14) 


(15) PaX(PIK + yi) ~ pry = 9. 


Solving (14) and (15) recursively gives 


(16) yı = aq, — PIK, 
AD ada 

(17) a ae 

qa — aPIK 


Substituting (16) into the intermediate agricul- 
tural good’s market clearing condition gives the 
following equilibrium conditions: 


OT, 
(18) Ky = cj + ag, — PIR, 
op 


I 
2 
k= 


OP ada 


P PI 


Normalizing all prices by w and choosing units 
such that initially p,/w = p,/w = a = 1 and 
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PIK = 0 gives the following comparative static 
expression: 


] “l 0 
(19) Kð yp] 0 Kð sp mb 
Kiðpp T; “Ci = Ya Cop 
: 1 
d(p,) = 
dpa) | = | 4 | dPIK. 
Ë 0 


The first row of (19) [and the last in (18)] 
shows that the simple linear link between p, and 
Da is now broken. The effect on p, of a PIK 
subsidy given to middlemen has two parts: 


api) dP) 1 


(20) l 
dPIK dPIK q, 


The first part, through p,, emerged in the pre- 
vious subsidy cases: the PIK subsidy to farmers 
and the cash export subsidy. To see the origin 
of the second term recall the following: an in- 
kind subsidy to exporters enables them to take 
a smaller return on each commercial sale than 
before and still break even. While p, is expected 
to fall as a result of the subsidy (indeed, this is 
shown later), the secondary effect can amelio- 
rate, and under suitable conditions even over- 
come, the first effect. 
Solving (19) gives (at a = 1): 
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demand is inelastic, (22) is positive (recall 
K,0,,77; is negative). (This assumes q, > 0, the 
home country is a net exporter of a.) 

Intuitively, an inelastic agricultural excess de- 
mand implies that the P/K-induced supply shift 
yields little quantity adjustment but relatively 
large declines in p,. This result translates into 
reduced foreign expenditure for agricultural 
products which means greater expenditures on 
nonagricultural products and higher prices for b. 
If p, rises, i.e., —(1 + 7) < 0 quasi-rent to the 
nonagricultural-specific factor rises (p/w re- 
mains linearly related to p,/w). 

A condition for ñ, to rise is 


l d(p 
— (a22 + 7 > 0. 
Qa dPIK 


From above d(p,) < 0. A necessary and suffi- 
cient condition for (p) to rise is that the nu- 
merator of the right-hand side of (21) be less 
than the denominator. But the only differences 
between the terms is the presence of (~-q,) in 
the numerator and q, in the denominator. Hence, 
(p) rises only if excess demand for the traded 
agricultural commodity is elastic. This is similar 
to Houck’s result obtained when p, is a blend 


_of the commercial and subsidized prices. If ex- 


cess demand for the agricultural traded good is 
inelastic, a PIK subsidy to middlemen causes 
Dı, and thus, 77,(p;, 1) to fall. Real farm income 


ee BP) 1 KaBopBU(Crs = Kidgp ts) ~ del + Kirby (Ge ~ C128) 
OPIK Va R28 vpT2Bl (Ci a K,d,,771) Fogal F KO yp (Ga — C) 
(22) alpe) a 1 Kid [C11 — K,0,,771) ~ Gal + Ky Op [K ð ppi — C T qal 
OPIK qa K2)yp™PU(C1, — Ki8pp71) + Gal + Ky8yp7(Ga — cp) 
1 | Kila + Gal 


a a 


The sign of (21) is always negative. A PIK sub- 
sidy to middlemen also has the opposite effect 
of a cash subsidy on p,. The sign of (22) is pos- 
itive if the foreign excess demand for the agri- 
cultural traded good is inelastic. This is true be- 
cause the denominator of (22) is positive by 
earlier arguments, while the numerator’s sign 
depends upon the expression —[q, + q,]. Be- 
cause all prices are normalized to unity initially, 
this expression is — qall + 7], where ņ is the 
elasticity of excess demand (qi,/q,). If excess 


da K20,,72BU(C i — K,d,,77) + Ga) + K Ow qa = C128) 


falls not rises. Farmers are hurt not helped by 
the PIK subsidy. 

These results permit determining the effects 
of introducing a PIK export subsidy on com- 
mercial exports. Commercial exports of the traded 
agricultural commodity are 


(23) Commercial exports 
= qi ps /ps) — PIK. 


Expression (23) implies the following necessary 
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and sufficient condition for introducing a PIK 
subsidy to exporters to raise commercial ex- 
ports: 


(24) qa ( 





dpa) | s 
dPIK dPIK 


Substituting from equations (21) and 22) into 
(23) yields after a slight rearrangement of terms: 


(25) 


Te 


da 


Because the denominator of (25) is positive, the 
condition for commercial exports to rise is 


(26 —(+ MKB ~ Kðpp TT 1) 
~~ KO yp7-Ci2] > 0. 


The term in square brackets on the left-hand side 
of (26) is positive. Thus commercial exports fall 
if excess demand is inelastic, —(1 + 7) > 0. 

The assumption of zero trader profit implied 
by pure competition is important to the results 
in this section. Suppose, to the contrary, that 
traders only need a zero profit on their com- 
mercial sales and are allowed to retain the value 
of the PIK amount as a lump-sum transfer. In 
this case, the equilibrium conditions are the same 
as for an in-kind subsidy to farmers. But now 
farmers always lose because they sze falling 
prices and incomes and derive no income from 
the PIX amount. This intuition suggests that the 
less competitive is the international grains mar- 
ket, the more likely it is that a PIK subsidy will 
hurt farmers. 


Export Subsidies and a Target Price 


The results presented above examine the impact 
of cash and in-kind export subsidies without 
considering other policies. But trade policies 
usually operate in concert with other interven- 
tions. In the United States, agricultural producer 
prices are often guaranteed by setting high tar- 
get prices which become the effective producer 
price. In this context, an export subsidy is often 
the trade manifestation of the domestic inter- 
vention. Hillberg, for example, shows that the 
levels of U.S. domestic policy instraments are 
critical in empirically evaluating EEP. 

To examine the sensitivity of results to do- 
mestic policy, the subsidy policies are reana- 
lyzed in the presence of a real target price set 
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above the market-clearing equilibrium price and 
maintained by deficiency payments. Price-sup- 
port operations through a nonrecourse loan pro- 
gram are considered separately below. 

In this section the effective producer price for 
the intermediate agricultural good is the real tar- 
get price which is policy determined and is un- 
changed by the subsidy program.’ If p, is above 
the real target price, the analysis proceeds as be- 


“Aa ae aa Fy OppT T qa) + K 0 yp (— C128 aii 2) > 1 
K20,,72B(C1, — Kð pp T Pga) t Kð yp (Ga — cup) 


fore. Only cases where the target price is effec- 
tive are of interest. The real target price is as- 
sumed fixed. If only the nominal price is fixed 
(the more usual case), then the real producer price 
of the intermediate good would be free to vary 
as in earlier sections. 

Domestic real income available for consump- 
tion is income less the deficiency payment cost: 


2 
= d7(p;, 1) Seo. fs 
[= D +L- (Pi — PDY» 


where pj is the real target price. Differentiating 
the mobile-factor market equilibrium gives 


(27) K,0,,7,dp; + K26,,,7Bdp, = 0. 


With the real target price fixed, dp; = 0, and 
hence from (27) dp, = 0. An export subsidy, 
therefore, causes no change in domestic relative 
producer prices. Hence, the export subsidy no 
longer affects the allocation of L. And, because 
endowments of K, and K, are fixed, the export 
subsidy has no effect on domestic production 
patterns. This result implies, in turn, that the 
price of the nonagricultural traded good and its 
intermediate counterpart cannot change. There- 
fore, with a fixed real target price, all adjust- 
ment comes in terms of the domestic consump- 
tion price and the price to foreign buyers of the 
agricultural intermediate and its traded counter- 
part. 

A cash export subsidy’s impact on the trade- 
able agricultural good’s real price to consumers 
and foreigners is 


dp, aqa 
dë cya + aq} 


— 
— 


The denominator is clearly negative because it 
contains own-price effects from domestic and 


* Implicitly we assume all producers are in the program. 
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excess demand. The numerator is also negative. 
Thus, p, rises in response to the cash subsidy. 
As above, however, dp,/ds < 1, the domestic 
price of the agricultural commodity rises by less 
than the subsidy amount and the price abroad 
falls. 

The rise in ñp, induces an increase in p,, which 
reduces domestic demand for the intermediate 
agricultural good. Because the producer price is 
fixed at pi, no production change occurs. No 
matter what happens, producers continue to re- 
ceive the target price. With static production and 
falling domestic consumption, exports of the ag- 
ricultural good must rise. (This also can be seen 
by noting that p* falling causes an expansion of 
trade.) Producer income and the returns to sec- 
tor-specific factors are the same as before the 
subsidy policy. A cash export subsidy in the 
presence of a fixed real target price only acts to 
increase agricultural exports, it does not im- 
prove agriculture’s position in the national econ- 
omy. Subsidy rents are transferred to foreign 
consumers. 

With an in-kind subsidy to farmers, the as- 
sociated change in p, is 


ap 


dPIK 


Expression (28) shows that p, falls in response 
to the in-kind subsidy. This price decline is nec- 
essary to absorb the additional supply of gov- 
ernment stocks placed on the market. Total ex- 
ports are greater as p* is also lower. 

The consumer price of the agricultural inter- 
mediate good also falls. Domestic use of the in- 
termediate rises. Because production is un- 
changed with the fixed target price and domestic 
use is greater, “commercial” exports are lower 
both as a share of total exports and in absolute 
volume. As before, commercial exports are dis- 
placed by exports from released government 
stocks. 

With p: constant, sector-specific factor prices 
remain unchanged by the policy. However, the 
income of agricultural producers now clearly rises 
as their volume marketed expands by the amount 
PIK, which is sold at price p,;. Agriculture, 
therefore, gains as a result of the export sub- 
sidy. 

When the in-kind subsidy is given to the in- 
ternational middleman, 


8 4 
(-1 F OST z) 
yı 


—(cy,a@ + aqa) 


(28) = (cy,@ + aq.) ' 


dpa _ 
dPIK 
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which is negative. Because p, falls and there is 
no price wedge in the world market, p* falls and 
total exports rise. With the real target price con- 
stant, producers of the intermediate agricultural 
commodity experience no changes in this policy 
environment. Subsidy benefits are transferred to 
domestic and foreign consumers. 

Considering the in-kind subsidy to the mid- 
dleman without the target price, the change in 
P, is ambiguous. This result occurs because of 
the conflict between the negative terms-of-trade 


effect and the positive direct effect. A similar 


situation holds here. The change in p, faced by 
domestic consumers is 


a 
o(1 Fü z) 

dp = Yı 
dPIK (cpa + ag) 


If excess demand for the tradeable agricultural 
good is elastic, total exports increase enough to 
increase the domestic consumption price of the 
intermediate good. This occurs because the in- 
crease in total trade requires an increase in com- 
mercial exports which can only be met through 
a reduction in domestic use. If the excess de- 
mand is not elastic, then the change in the do- 
mestic price of the intermediate agricultural good 
depends on the ratio of total trade to commercial 
trade-—aq,(-)/y,;. Larger in-kind subsidies will 
raise this ratio by lowering y,, and hence, will 
be more likely to raise pj. 


Tied PIK Export Subsidies 


So far, all PIK export subsidies have been lump- 
sum. While this specification closely approxi- 
mates the EEP type of PIK subsidy, other forms 
of PIK subsidies are possible. This section con- 
siders PIK subsidies tied to the level of agri- 
cultural exports. Only the case where the PIK 
subsidy is granted to farmers is analyzed. The 
reader can easily extend the analysis to the case 
where the PIK subsidy is granted to exporters 
using previous developments. 


é We would like to thank an anonymous reviewer for suggesting 
the analysis contained in this section. 
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Let r denote percent of total exports com- 
prised by the PIK subsidy, i.e., 


PIK = Ta- 


This necessitates the following respecification 
of (11): 


(11°) 
d7,(Py, 1) = = & 
K; —— =.c (Pi, Po, 1) + (a Ta. 


Differentiating the new equilibrium conditions 
and evaluating all derivatives at r = 0 gives the 
following effects of introducing a PIK subsidy 
tied to total exports: 


IDa ats dak: 20 wp TB 


29 , 
va oT A 
Opp = — Ga npma 
OT A 


Comparing (29) with (12) reveals that a tied 
export PIK subsidy granted to farmers has the 
same qualitative effects as a lump-sum export 
PIK subsidy granted to farmers. (This pre- 
sumes, of course, that when the PIK subsidy is 
granted the subsidizing country exports the ag- 
ricultural commodity, 1.e., gq, > 0.) 


A Longer-Run View 


Thus far, granting the PIK subsidy has had no 
effect on current national income because a PIK 
subsidy is assumed to enter the national income 
accounts as either transfers from the government 
to. farmers or to exporters.’ The effect on na- 
tional income is a wash unless the demand func- 
tions are specified to take income distributional 
issues into account. A primary justification for 
this specification is that the original EEP pro- 
gram used stocks accumulated in historical pe- 
riods by the government. Current flow income 
was not affected by those transfers. But this 
analysis ignores an important point. The EEP 
has not been a one-time export subsidy pro- 


1 This analysis was suggested to us by an anonymous reviewer. 
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gram. Rather it evolved into an ongoing pro- 
gram extending over at least the life of the Food 
Security Act of 1985. 

If all EEP subsidies were granted from gov- 
ernment stocks accumulated before the institu- 
tion of EEP, the analysis would proceed as be- 
fore. But current EEP subsidies are drawn from 
government stocks continuously acquired through 
the government’s price-support (typically non- 
recourse loan) operations. These price-support 
operations, in turn, are affected by the PIK-sub- 
sidy program. As P/K-subsidies drive market 
prices down more stocks are acquired through 
forfeited loans. This has two effects: the price- 
support operations mitigate the degree to which 
agricultural prices fall as a result of the PIK sub- 
sidy and the government incurs additional bud- 
getary expenses out of current flow income to 
support market prices. 

To assess the longer-run consequences of an 
export PIK subsidy, therefore, the government’s 
price-support operations must be incorporated 
into the analysis. A nonrecourse loan program 
is introduced in which the government agrees tc 
purchase all commodities offered at a guaran- 
teed price—the loan rate. The CCC regularly 
acquires stocks of supported agricultural com- 
modities at prices above the loan rate (even afte: 
corrected for interest costs, etc.). Therefore. 
current government acquisitions of stocks are 
assumed to be governed by i(p,/p), where p; is 
the loan rate. We make the following assump- 
tions: 


i(k) < 0, and 


lim i'(k) = — &, 
kvl 


The first assumption means that government ac- 
cumulation of inventories through forfeited loans 
declines as p, rises relative to the loan rate. The 
second assumption means that CCC stands ready 
to buy all of the commodity offered to it at the 
loan rate: as the market price approaches the loar 
rate, government demand for inventories be- 
comes perfectly elastic." 

These price-support operations are introduced 
into preceding analyses. The most obvious change 
is that expression (5) must be rewritten to rec- 


® Similar specifications are embedded in the FAPRI and Wheat- 
sim policy models. 
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ognize the effect loan defaults have on flow in- 
come: 


2 
(5) 1= >) Karpa w) + wl — pilp:/p). 


i=] 


'The other change is that the intermediate agri- 
cultural good equilibrium must be changed to 
reflect the new source of government demand 
for the commodity. Hence, rewrite that condi- 
tion as 


O7(P;, w) 
eee 
OP; 


K i C(P1, Pas E) + i(pi/p) T ayq. 


The first step is to analyze how the compar- 
ative static effects of a cash export subsidy change 
as a result of the price-support operations. The 
necessary calculations give the following re- 
sults: 


6p,  K,0,,772B(q,a 
(10% - = 2“ wp Bq ) 

ðS A(p,/p) 

Opp si Kipp m (Gi@) 

as A(p,/p) 
where 


KO yyT2Bi' (p/P) "a 
Bi | 


A(pi/p) = å + 


By earlier results, A(p;/p) > A. And by the 
assumptions on i(p,/p), it follows that 


lim A(k) = ©, 
k=l 


Therefore, as expected, allowing for price- 
support intervention dampens the price respon- 
siveness to export subsidies in both markets. In 
the limit, where the market price is “riding” the 
loan rate, a cash subsidy has no effect on market 
prices. Because both p, and p, change less than 
in the absence of price-support intervention, a 
cash export subsidy is less effective in raising 
farm income in the presence of a price-support 
program than in its absence. In contrast, non- 
farm prices (and nonfarm income) fall less than 
in the absence of such programs. 
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Turning to a PIK export subsidy given to 
farmers, 


OD, Kð, 

(12) C a 
OFIK A(p,/p) 
OD, _ ~K 0,7 

OFIK  A(p;/p) 





Again we conclude that price-support programs 
dampen the pric? response to the PIK program. 
Real agricultural prices fall less than they would 
have in the absence of the price-support pro- 
gram and real ronagricultural prices rise less. 
As the initial p, approaches the loan rate, a PIK 
program given to farmers has no price effect in 
either agricultural or nonagricultural markets. 
And, in general, because p, falls less than in the 
absence of price support, it 1s more likely, cet- 
eris paribus, that a PIK subsidy to farmers raises 
total farm income when a price-support program 
exists. The price-support operations dampen the 
adverse terms of trade effect caused by the PIK 
subsidy. 

The effect on total government inventories 
consists of two parts: the PIK giveaway and the 
reaccumulation of inventories through the price- 
support mechanism. The expression for the total 
effect is 


i’ (p I rD Dak, 29 yp MP a 
EACp,/p)) 


Using (10’) and (_2’) implies that expression (30) 
is always nonpositive. A PIK export subsidy 
given to farmers always ends with the govern- 
ment not increasirg commodity stocks. The long- 
run implication is that, ceteris paribus, an ex- 
port PIK given to farmers eventually dissipates 
the government’s inventories as less and less be- 
ginning inventor’ is available each period to 
subsidize exports. 

As the initial nzarket price approaches the loan 
rate, the first term in (30) approaches unity. 
Therefore, if the market price is “riding the loan 
rate” when the FIK giveaway is instituted, all 
the PIK commodity given away is immediately 
reabsorbed through the government’s price-sup- 
port operations. In this limiting case, the PIK 
giveaway acts as a pure lump-sum transfer pro- 
gram to farmers. Farmers receive a lump-sum 
transfer equalling p,- PIK. Under these circum- 
stances the demand faced by farmers is perfectly 
elastic as the CCT buys everything that is of- 
fered at p,. Thus, expression (13) is satisfied. 


(30) 
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Finally, consider how a price-support pro- 
gram changes the results for a PiK export 
subsidy granted to exporting companies. Per- 
forming the appropriate comparative-static ma- 
nipulations gives (at a = 1): 
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kind export subsidy given to competitive inter- 
national middlemen lowers the world price and 
expands trade. The effect of the subsidy on 
farmers is ambiguous. If the excess demand for 
the agricultural good is elastic, then agricul- 


21” Pa PEA 1 [Ka wp TBC T i'(Pı/B)/P = K 9 pp K Ja) f K ðw (Ga ~~ Cy2f3)) 
ve ƏPIK qa A(p:ı/Pòù 

op 1 KiðwpTi qa + qa) 
(22’) Po te ee iVwp 1 - . 

oPIK qa A(p;/P) 


By (22') the price response in the nonagricul- 
tural traded goods market is dampened by the 
introduction of the price-support operations. 
However, while the traded agricultural good price 
still falls as a result of the PIK export subsidy, 
it is ambiguous whether it falls by more or less 
than in the absence of the price-support pro- 
gram. However, in the limit as p, approaches 
the loan rate, p, falls (—1/q,) units for every 
unit of the PIK subsidy. But as (20) verifies, 
this last result implies that p, does not change 
and, consequently, neither does farm income in 
this limiting case. Total farm income remains 
constant. So, in the case which most closely ap- 
proximates the 1985 situation (market prices 
riding the loan rate and P/K subsidies given to 
exporters), farmers realize no gain from the PIK 
subsidy. Instead, the export PIK subsidy to ex- 
porters ends as a lump-sum transfer to domestic 
and foreign consumers (absent a competitive 
grains market, it would be a lump-sum transfer 
to exporters). 


Conclusions 


This paper demonstrates the diffezences be- 
tween cash and in-kind export subsidies. These 
results are summarized in table 1. Cash export 
subsidies expand exports by raising domestic 
prices and lowering the world price. The price 
of the agricultural product in the subsidizing 
country rises, thereby benefiting farm producers 
at the expense of consumers and taxpayers. An 
in-kind subsidy given to farmers lowers the price 
received by farmers but expands total farm ex- 
ports. The PIK commodities displace commer- 
cial exports. Although real farm production in- 
come is lower after the PIK, farmers are not 
necessarily worse off because the ir-kind pay- 
ment is made directly to them. When interna- 
tional excess demand is elastic, farmers may gain 
from the introduction of PIK paymeats. An in- 





ture’s share of national income rises. For an in- 
elastic excess demand, farm income falls. 

Analysis of these three subsidy alternatives in 
the presence of an effective target price leaves 
most of the results unchanged. However, with 
the producer price determined by the target price, 
producer income is not altered by cash export 
subsidies and in-kind subsidies to international 
traders. When the in-kind payment is made di- 
rectly to farmers, producer income is unambig- 
uously higher with an effective target price. 

When a price support program is in effect, the 
impacts of such subsidies are dampened. Gov- 
ernment inventories are reduced by in-kind sub- 
sidies over the long run. Further, the analysis 
shows when the market price approaches the loan 
rate, the PIK subsidy given to farmers becomes 
a lump-sum subsidy, while the cash and in-kind 
subsidy to traders leave farm income unaf- 
fected. The PIK commodities given away are 
immediately reabsorbed through the govern- 
ment’s price support operations. 


[Received March 1989; final revision received 
March 1990.] 
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Testing for Input Substitution in a 


Regulated Fishery 


Diane P. Dupont 


Input restrictions are commonly used to prevent rent dissipation in fisheries. This paper 
examines whether these schemes are successful by calculating the degree of input 
substitution between restricted and unrestricted inputs. Conventional elasticities of 
substitution cannot be used when the firm faces controls on the use of some inputs. In 
this case, the appropriate measure of substitution, the elasticity of intensity, must be 
used. Data from the British Columbia. salmon fishery provide evidence of input 
substitution possibilities for two vessel types. These results call into question the 


usefulness of input control schemes. 


Key words: fisheries, input substitution, normalized quadratic profit function, partial 


static equilibrium, regulation. 


Fish resources can be a valuable source of rev- 
enue to cash-strapped governments if the fish- 
eries are regulated efficiently. In the first-best 
optimum solution, a sole owner maximizes re- 
source rent. However, without property rights to 
fish, competition among fishermen can result in 
a complete dissipation of rent (Warming). To 
preserve resource rents, regulators often restrict 
inputs (Christy, Karpoff). Typically, control 
schemes begin as limited entry programs that re- 
strict only the number of vessels allowed to par- 
ticipate in (or enter) the fishery. Subsequently, 
restrictions upon input usage per vessel are im- 
posed when regulators find that the first set of 
restrictions does not work (Pearse, Rettig). The 
ultimate success of input restrictions appears to 
rest upon whether fishermen can find substitutes 
for the restricted inputs. 

Past research is divided over the substitution 
possibilities open to fishermen. Crutchfield ar- 
gues that fishermen face a sharply increasing 
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marginal cost of expanding against a tonnage re- 
striction which suggests that the fishing vessel’s 
tonnage is used in fixed proportions with all other 
inputs, e.g., fuel, labor, gear/equipment.' On 
the other hand, Scott claims that the fishing 
technology allows much scope for substitution. 
Until recently, empirical evidence has not been 
available to decide the issue (Strand, Kirkley, 
and McConnell; Squires 1987a, b, c). Strand, 
Kirkley, and McConnell estimate a translog di- 
rect production function for the limited entry 
Atlantic surf clam fishery. They plot isoquants 
between input pairs to show that inputs are not 
used in fixed proportions. Squires estimates a 
translog profit function with three variable in- 
puts (labor, fuel, and capital) for the open ac- 
cess New England otter trawl fishery. The elas- 
ticities of substitution he computes indicate 
considerable substitutability between input pairs. 
However, the fishing vessels in his work do not 
face input restrictions. 

This paper argues that conventional elastici- 
ties of substitution, such as those used by Squires 
(1987c), cannot be used to evaluate a regulatory 
program that restricts the use by fishermen of 
certain inputs. These elasticities are obtained from 
a model that assumes that all inputs can be cho- 
sen freely by the fisherman. As an alternative, 
this paper proposes the calculation of the elas- 
ticity of intensity (Diewert), which describes the 
relationship between an unrestricted and a re- 


! Vessel tonnage is a commonly used measure of vessel size and 
is frequently chosen as the restricted input. 
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stricted input, to test for the degree of substi- 


tutability in a regulated industry subject to input 


controls. This elasticity may be defined within 
the context of the partial static equilibrium model 
discussed by Brown and Christensen. Under this 
model, fishing firms maximize restricted profits 
by choosing output (catch) and variable input 
quantities subject to the constraint that some in- 
puts are restricted. Using this framework the pa- 
per shows that conventional elasticities of sub- 
stitution are biased relative to elasticities of 
intensity. 

The normalized quadratic restricted profit 
function (Diewert and Ostensoe) is used to es- 
timate the fish harvest technology and the sub- 
stitution possibilities for the British Columbia 
commercial salmon fishery, an important regu- 
lated Canadian fishery. The potential usefulness 
of the elasticity of intensity methodology to 
fisheries regulators is illustrated with the em- 
pirical results. 

The next section considers the adoption of in- 
put restrictions in a fishery. Section three ex- 
plains why using conventional elasticities of 
substitution to evaluate input control programs 
is inappropriate for a regulated fishery, or any 
regulated industry. Section four discusses the case 
study, estimation, and data, while section five 
reports results. The last section provides con- 
clusions and suggestions to policy makers. 


Input Restrictions in a Fishery 


Che conventional argument in favor of input re- 
strictions is straightforward. If the fishery is open 
iccess, fishermen continue to enter the industry 
intil total harvesting costs equal total revenues. 
Alternatively, if there are limited entry restric- 
ions but no property rights to the fish, existing 
‘ishermen upgrade their vessels until the same 
quality is met. In both instances, fishery rent 
zan be entirely dissipated (Gordon, Clark). The 
‘ish input is treated as having a zero price. In- 
stead of charging fishermen for the use of this 
nput, government regulators have chosen to re- 
‘trict the fisherman’s use of purchased inputs. 
f the fisherman has only one input at his dis- 
osal, then restricting the input’s use will pre- 
erve fishery rent completely. 

If inputs are substitutable, it is more difficult 
o restrict input usage effectively. Given an in- 
şut restriction on vessel tonnage, a fisherman 
nay reoptimize over the set of inputs under his 
;ontrol. For example, he may visit more and 
urther-away fishing grounds, thereby increas- 
ng fuel consumption. Alternatively, he may fish 
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longer hours and use more labor as well as pur- 
chase more gear/equipment. In this way, he tries 
to increase output and increases his use of sub- 
stitute inputs for the restricted input. Such direct 
substitution leads to higher harvest costs. More- 
cver, increased use of these substitutes leads in 
turn to increased use of their complements. 
Therefore, the use of variable inputs that may 
te direct complements to the restricted input may 
also increase. These actions, too, lead to higher 
harvesting costs and resource rent dissipation. 


Substitution Possibilities between 
Unrestricted and Restricted Inputs 


A partial static equilibrium model (Brown and 
Christensen) can be used to describe short-run 
behavior for firms subject to input restrictions. 
Assuming that the firm is free to vary the quan- 
tity of output, then a restricted profit function 
can be specified. The firm maximizes restricted 
profit by choosing the quantity of output sup- 
plied, y, and the quantities of variable or un- 
restricted inputs, X = (x, X} ..., Xa). In addi- 
tion to facing exogenous input and output prices, 
the firm faces upper bounds on the use of in- 
ts, Z = (2), Z2, .. 

Equation (1) gives the restricted profit func- 
tion: 


(1) (pp, W, Z) | 
= MAX, {pyy — WX (y, X; Z)eT}. 


The output price is denoted by p,. The vector, 
W, represents market prices for the n variable 
inputs. When the restricted profit function in 
equation (1) fulfills a set of well-known prop- 
erties defined in Diewert, it is dual to the un- 
derlying production function F(X; Z) and to the 
production possibilities set, T. 

Elasticity measures are obtained from the out- 
put supply and input demand equations which, 
in turn, are derived by differentiating the re- 
stricted profit function with respect to prices. 
Own- and cross-price elasticities of demand in- 
dicate the nature of the relationships between 
variable inputs. To determine whether variable 
inputs are complements or substitutes, it is suf- 
ficient only to know the crass-price elasticities 
of input demand. Equation (2) defines these 
elasticities, where x; is the input demand func- 
tion for the ith input. The elasticity indicates how 
the optimal employment of x; by the firm will 
change in response to an incremental change in 
the price of the Ath input. 


ee 


LK Do galt 


Inputs are substitutes when €, is positive and 
complements when it is negative. 

A measure of substitution possibilities be- 
tween unrestricted and restricted inputs is ob- 
tained with elasticities of intensity (Diewert).” 
Because these elasticities are derived from a re- 
stricted profit function, all prices and quantities 
of the restricted inputs, other than the one being 
considered, are held constant. Equation (3) de- 
fines these elasticities. 


dx{p,,W;Z) z 
(3) éj = “os 
dz; Xi 

i= 1,2,..., n, andj = 1l, 2,. 


The Z;s are the actual levels of the restricted 
inputs. A negative elasticity shows a substitute 
relationship and a positive elasticity, a comple- 
mentary one. For example, suppose that the value 
of the elasticity between tonnage and gear is 
—1.5. This says that an incremental increase in 
tonnage, the restricted input, would result in a 
substantial reduction in the optimal employment 
of gear, an unrestricted input, by the fishing firm. 
Hence, the firm regards these two inputs as sub- 
stitutes. 

The relationship between the conventional 
cross-price elasticity of input demand and the 
elasticity of intensity can be established in the 
following way. To obtain the former elasticity, 
define a full static equilibrium profit function as 
one in which restricted inputs are treated as vari- 
able. Partition the input set into two parts, X and 
Z, and the input price set into two parts, W and 
R. The profit function becomes m(p,, W, R). 
Then, the cross-price elasticity of demand be- 
tween inputs x; and z; (where z; would be a re- 
stricted input in the restricted profit function} is 
given in e (4): 


4 ee ey E 
( a. j Xi ; 
However, the right-hand side of (4) can be re- 
written as in equation (5): 

Ox; mf _ OM 0z; r 7 


3 a tiered aera 
i ) ar, j a az f i 
Equation (6) is obtained by multiplying both the 
numerator and denominator of the right-hand side 


?Diewert defines the elasticity of intensity between a variable 
commodity (output or input) and a primary (fixed) input and uses 
the concept to provide comparative statics results for international 
trade theorems. The elasticity is reinterpreted here to explain the 
relationships between unrestricted and restricted inputs. 
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of equation (5) by z,/z; and rearranging the re- 
sulting expression, : 


(6) a (2) (F.7), og 
or; Xi Oz; Xi or; Z; 
=é 

Equation (6) shows that the conventional cross- 
price elasticity of input demand between inputs 
i and j (obtained by assuming full static equi- 
librium and defining the input z; as a variable 
input) is the product of the elasticity of intensity 
between inputs x; and z; and the own-price elas- 
ticity of z;. If the own-price elasticity of demand 
for z; is elastic, then the cross-price elasticity of 
demand will be greater than the corresponding 
elasticity of intensity.? The converse is true if 
the own-price elasticity for z; is inelastic. 


Fishery Background, Characteristics, and 
Data 


The commercial salmon fishery in British Co- 
lumbia is the province’s most lucrative and im- 
portant fishery with annual revenues of approx- 
imately $212 million in 1987 (and $160 million 
in 1982, the year for which data are available 
to estimate the harvest technology). Salmon ac- 
count for 40% of quantity and 70% of landed 
value of all catches (British Columbia Ministry 
of the Environment 1983, 1988). There are five 
species of salmon: sockeye, pink, chum, chi- 
nook, and coho. Four types of vessels are used, 
and there is a large degree of uniformity of spe- 
cies composition in the catches of the different 
vessel types. The vessel types are seine, gillnet, 
troll, and a combination of the last two called 
gillnet-troll. Each vessel type exhibits some 
unique characteristics, but all use some combi- 
nation of labor, fuel, gear, and capital (vessel) 
inputs. Seine and gillnet vessels use a variety of 
nets to entrap the salmon, while troll vessels make 
use of lines, hooks, and bait to entice the salmon. 
Gillnet-troll vessels use both nets and troll lines. 
Seine vessels have the largest tonnage and em- 
ploy from four to six people. Troll vessels are 
slightly smaller. Gillnet-troll and gillnet vessels 
are at the lower end of the spectrum. Each ves- 
sel is small enough relative to the total number 
of vesels—in 1982 this was 4,528—to preclude 
any one vessel exercising market power. 


3 This relationship explains why Scuires (1987a) finds large elas- 
ticity values between capital and labor, e.g., 0.726, and capital and 
fuel, e.g., 2.125, when he estimates a full static equilibrium profit 
function. Capital’s own-price elasticity is -2.821. However, be- 
cause conditions in the fishery that he studies meet the specifica- 
tions of the full static equilibrium approach, the use of conventional 
elasticity measures is appropriate. 
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Since -1969 the salmon fishery has been sub- 
ject to a limited entry program which sets an 
upper bound on the number of participating ves- 
sels. Since 1971, the regulator (Department of 
Fisheries and Oceans) has restricted the level of 
tonnage per vessel as a way of controlling fish- 
ing effort per vessel. To make the program ef- 
fective, the tonnage of a replacement vessel can 
be no larger than that of the old vessel. Fur- 
thermore, pyramiding of vessels (1.e., combin- 
ing the tonnage of two retiring vessels to apply 
to a new vessel) has been outlawed since 1980. 
These restrictions impose an effective upper 
bound upon the tonnage of a given vessel. 

In order to examine the ability of fishermen 
in the British Columbia commercial salmon 
fishery to subvert regulations through increased 
use of unrestricted inputs in place of restricted 
inputs, this research postulates a restricted profit 
function for each of the four vessel types. Each 
vessel owner is assumed to maximize restricted 
profit over the season by choosing the quantity 
of catch and the quantities of three variable in- 
puts (fuel, labor, and gear/equipment which in- 
cludes nets, hooks, lines, etc.). The gear/equip- 
ment input is a key unrestricted input to which 
the firm may turn in response to restrictions upon 
tonnage (Pearse, Rettig). The constraints upon 
the fisherman’s behavior are the harvest pro- 
duction function, the output price, and prices of 
variable inputs, and the existing quantities of three 
restricted inputs. These inputs are vessel ton- 
nage and number of fishing days, both restricted 
by the regulating agency, and the stock of fish 
available for the season, restricted by nature.* 

The research brings together a number of di- 
verse data sets. The first, a cross-sectional ran- 
dom survey of Pacific Coast fishermen for 1982, 
gives fuel expenditures, vessel characteristics, 
labor quantities, number of fishing days, and 
gear/equipment inventory information by ves- 
sel.” The second set of data is catch and revenue 
information collected for the regulator by pro- 
cessing companies. Prices for the five subspe- 
cies of salmon are used to calculate a Divisia 
index ior aggregate output price and the asso- 


“ The number of days fished is a constrained value since the gov- 
ernment uses fishing ground openings and closings for conservation 
purposes. Each vessel owner would likely fish more days if left on 
his own. Historical data show that, prior to strict regulations on 
fishing days, the average number of fishing days was much larger 
than currently (Pearse). 

5 Only those vessels that caught salmon or salmon and less than 
5% of incidental species such as sturgeon, shrimp, and ling cod 
have been chosen from the survey. The salmon-fishing fleet com- 
prises the majority of vessels operating in the west coast fisheries. 
Vessels fishing the two other major species, roe herring and hali- 
but, have not been included because they are regulated in ways that 
differ from regulation of the salmon fishery. 
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ciated aggregate quantity index for each vessel. 
Opportunity cost wages are constructed for la- 
tor (Squires 1987b) by using average weekly 
earnings in an industrial composite category by 
region, based upon each vessel’s homeport re- 
gion.’ Marine fuel prices for eleven centers come 
from Esso Canada Limited. The gear/equip- 
ment input, consisting of nets, lines, etc., is 
considered to be a malleable capital good whose 
services are not exhausted in one year. A rental 
cost of gear is calculated for each component 
using Schworm’s modification of Jorgenson’s 
capital services price formula. Schworm’s for- 
mula allows for the inclusion of the cost of re- 
pairs and maintenance, an important consider- 
ation for the fishing firm. Quantity and unit rental 
price data are used to construct a Divisia gear 
price index for each vessel. 

License records from the Department of Fish- 
eries and Oceans Canada give values for the re- 
stricted amount of tonnage per vessel. Data on 
catch and escapement in each of twenty-nine 
management areas are used to calculate an index 
of stock abundance. Because stock abundance 
varies across fishing grounds, each vessel can 
encounter a different quantity of fish. Stock en- 
countered is calculated as the relative price- 
weighted abundance of each of the five salmon 
species in each fishing area weighted by the 
number of weeks of fishing in that area. 


Restricted Profit Function Specifications 
and Estimation 


The normalized, quadratic restricted profit func- 
tion (Diewert and Ostensoe), one of a class of 
flexible functional forms that allows for non- 
constant elasticities of substitution, represents 
the objective function for the fishing firm. This 
function has two features that give it an edge 


6 Insufficient data prevent the adoption of a multioutput speci- 
fication defined over the five salmon species unless the inputs are 
aggregated tc form a single index. Given that the issue in the paper 
is whether fishermen can substitute unrestricted for restricted in- 
puts, it is ccnsidered more important to disaggregate inputs than 
outputs. (This is in contrast to Kirkley and Strand, who concentrate 
upon the relationships between outputs and aggregate their inputs 
into a single input index.) Aggregating over outputs allows one to 
examine the relationships between inputs or whether the harvest 
technology exhibits jointness in inputs (Squires 1987a). If more 
data were available, it would be interesting to estimate a model with 
both disaggregated outputs and inputs. 

7 A share system whereby crew members receive a share of the 
value of the catch is used in the fishery, but the system is neither 
complete nor uniform. The system is used mostly for the seine fleet, 
and shares vary by species and vessel. The available data are in- 
complete with respect to the relevant values. As an alternative, the 
opportunity cost approach (Squires 1987b) is a reasonable substi- 
tute. A comparison of the data available on shares received by crew 
members with the calculated opportunity cost wage reveals that the 
latter follows very closely the former. 


Dupont 


over the translog (Squires 1987a, b, c) and the 
generalized Leontief (Kirkley and Strand).* 
First, io estimate the elasticity of intensity, a 


researcher must have parameter estimates for the. 


cross-restricted input terms appearing in a re- 
stricted profit function. If the researcher were to 
adopt the translog, she would have two options. 
The first would be to estimate restricted input 
share equations, along with variable input share 
equations (McKay, Lawrence, and Vlastuin). 
However, this option requires that markets for 
restricted inputs are in equilibrium at current 
market rental prices. This situation is unlikely 
in a regulated industry. The second option would 
be to estimate the restricted profit function along 
with the variable quantity share equations. 
However, this option may introduce multicol- 
linearity and degrees-of-freedom problems be- 
cause all parameters appear in the restricted profit 
function, whereas each input share equation has 
less than the complete set of parameters. De- 
pending upon the number of variable inputs/ 
outputs and restricted inputs specified in a model, 
a restricted profit function can often have more 
than thirty parameters that need to be estimated. 

Alternatively, using the normalized quadratic 
functional form allows the researcher to retrieve 
the required parameter estimates by estimating 
a system of output supply /unrestricted input de- 
mand equations. There is no need to assume 
equilibrium in markets for restricted inputs. Fur- 
thermore, because each equation has less than 
the complete set of parameters, there is less 
likelihood of data-based multicollinearity prob- 
lems or matrix-singularity problems leading to 
nonconvergence of parameter estimates. 

The second advantage of the normalized qua- 
dratic is that a researcher can impose convexity 
in prices on parameter estimates of the restricted 
profit function and continue to identify separate 
elasticities between individual pairs of inputs. If 
curvature conditions are satisfied, estimated de- 
mand and supply functions will be well-be- 
haved. This property is desirable for simulating 
rents obtained under alternative regulatory 
schemes (Dupont). Previous estimates of fish 
harvesting technology have not met assumed 


8 Because the normalized quadratic is a relatively new flexible 
functional form, there has not yet been any empirical or theoretical 
work (like that of Christensen and Caves and Barnett and Lee, who 
find that translog elasticities tend to be closer to one in absolute 
value, whereas Leontief elasticities tend to gravitate toward zero) 
to compare it to the translog or the generalized Leontief. Diewert 
and Wales, however, compare elasticity values obtained from cost 
functions represented by a translog, a generalized Leontief, and a 
new functional form that is similar to the normalized quadratic (the 
symmetric generalized McFadden). Their findings agree with those 
of the authors cited above. In addition, they find that elasticities 
from the symmetric generalized McFadden tend to fall between the 
values for the two other functional forms. 
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curvature conditions (Squires 1987a, b, c; Kirk- 
ley and Strand).’ 

The normalized quadratic restricted profit 
function defined over four variable quantities (one 
output and three variable inputs) and three re- 
stricted inputs is given in equation (7)."° 


(7) 
T(P, W, Z) = 1/2 (= O;Z; 2, > apip) / P, 
+p > T baz) / , 
+ 1/2 (z T / z, + > Cipi. 


Variable quantity prices are indexed by i, k in 
the following order: p, (price of output, i.e., 
salmon catch) p; (price of labor), p; (price of fuel), 
and p, (price of gear and equipment). Indexing 
of fixed quantities, j, A is as follows: z, (stock 
of fish), z, (tonnage), z4 (number of fishing days). 
Because the function is normalized, numéraires 
of p, and z, are chosen. Define the matrix A with 
elements ag. Because of the linear relationships 
between rows and columns in the matrix A caused 
by linear homogeneity, the first row and column 
of A, e.g., a, through a, (k = y, l, f, g) are 
taken to be vectors of zeroes. 

The parameters to estimate are a;, ax, B;, Bj, 
Cy, b;, Ca bo. Diewert and Wales note that the 
a; (j = s, t, d) may be chosen arbitrarily and 
suggest they be set equal to 1/z;, where zj is the 
fixed factor vector for the first observation. 
Likewise, the B; (i = y, l, f, g) may be set equal 
to 1/p;. This convention is adopted here. 

The normalized quadratic restricted profit 
function described in equation (7) satisfies the 
conditions required for it to represent the un- 
derlying production technology. The function is 
linearly homogenous in prices. Symmetry in 
cross-price terms is obtained by defining the 
matrix A to be symmetric. The restricted profit 
function satisfies convexity in variable quantity 


? Wales suggests that nonconvexity may indicate that the chosen 
functional form does not provide a good fit for the data over the 
sample range used. Some reasons for failing to obtain convexity 
are insufficient price variation in the data, multicollinearity, and 
aggregation of input or output quantities to obtain indexes. 

10 Lopez shows that the function imposes homothetic output-in- 
put separability upon the harvest technology. This means that the 
marginal rates of substitution between input pairs are independent 
of the levels of individual outputs. Because a single output frame- 
work is necessitated by the data, this restriction is a minor limi- 
tation of this function. 
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prices globally (and locally) whenever the A 
matrix is positive semidefinite. 

Instead of estimating the restricted profit 
function in (7), it is more convenient to estimate 
the system of four variable quantity equations 
given in (8)—(9). These equations, one for each 
of output and the three variable inputs (fuel, la- 
bor, and gear/equipment), are obtained from (7) 
by using Hotelling’s lemma. These equations are 
formulated in actual quantities, not input or rev- 
enue shares; therefore, all four equations must 
be estimated to obtain the parameters of inter- 
est. 


(8) 
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+ (1/2 boB)/z, +c; all i=l, f, g. 


Cross-equation and symmetry restrictions have 
already been imposed in equations (8)—(9)."" 
These restrictions include a; = a; in all equa- 
tions for ik and by, = by in all equations and for 
each jh. 

If convexity is rejected by the data, it can be 
imposed by a reparameterization of the A matrix 
(Wiley, Schmidt, and Bramble). This repara- 
meterization uses the product of a matrix D and 
its transpose to replace the A matrix, t.e., A = 
DD". The D matrix is a lower triangular matrix 
with zeroes in the first column as shown in 
equation (10). (Recall that the first row and col- 
umn of the A matrix are zeroes due to the linear 
relationships between the rows and columns im- 
posed by linear homogeneity.) 
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While it is still possible to obtain separate 
elasticity estimates for each pair of inputs, the 
reparameterization requires a nonlinear estima- 
tion technique. A new set of equations must be 
2stimated using a nonlinear maximum likeli- 
hood procedure because the a, parameters are 
replaced by the appropriate combinations of d 
parameters from the D matrix. The correspon- 
dence between the a and d parameters is as fol- 
lows: ay = dî, ay = didz, Ary = didy, ag = d? 
F dz, ap = d;d; a dod,, and Agg = d? t dz + 
de. 


Prior to estimation, additive disturbance terms 
are appended to each of the four variable quan- 
tity equations in (8)—(9). Estimation begins with 
the linear system of equations (8)—(9). Zellner’s 
Iterative technique for seemingly unrelated 
regressions is used in four separate systems of 
equations (one for each of four vessel types). 
[The number of observations is as follows: seine 
(21), gillnet (80), troll (84), and gilinet-troll (60). } 
Resulting parameters are checked for accep- 
tance of convexity in prices. Because estimates 
for one of the vessel types (troll) are consistent 
with this characteristic, no further estimation of 
this sample is required. The other three samples 
(seine, gillnet, and gillnet-troll) do not accept 
convexity." Therefore, in order to impose con- 
vexity, these samples are reestimated using 
maximum likelihood with a system of four non- 
linear equations. Space limitations preclude re- 
porting parameter and elasticity estimates for all 
four samples. (The author will supply them upon 
request.) Tables 1 and 2 report parameter esti- 
mates, their standard errors, and other summary 
statistics for two representative samples, the seine 
and the gillnet-troll. Calculated elasticities of in- 
tensity are found to be invariant to the imposi- 
tion of convexity in prices. This is not surpris- 
ing since only the cross-price terms are replaced 
when convexity is imposed. 


Hl At a 5% level of significance, the seine and gillnet-troll sam- 


ples did not reject symmetry. 

This finding manifests itself in downward-sloping output sup- 
ply functions. Squires (1987c) finds this is the case, as well. Output 
aggregation is one possible cause; however, insufficient price vari- 
ation (often a problem with cross-sectional data) is a more likely 
one, In order to examine the impact of output aggregation, further 
estimation is undertaken with two outputs formed by aggregating 
over fresh and canned salmon species. However, convexity is still 
rejected by the same samples as previously. Squires (1987c) obtains 
the same result for an even finer disaggregation of outputs. 


Ay A, Ay Ay 0 0 0 90 O d d a, 
(10) Gy Ay Ay 4g | ld DO ODO O 0 0 d d; 

a, Ay Ag Ajg d, d 0 0 0 0 0 de 

Ay, Ag Ag Agg d, ds ds O 00 0 0 
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Table 1. Restricted Profit Function Parameter Estimates—Seine 
Variable Name Coefficient Value Standard Error Variable Name Coefficient Value Standard Error 
dı ~(), 139° 0.060 Cyd — 1.670° 0.721 
a> —0.272° 0.151 Cy 1.220 1.953 
dy —~Q.101E — 05 0.308 Cy 0.199 0.661 
d 0.323° 0.106 Cy 1.473 1.365 
d; 0.665E — 06 0.232 Cu —2,413° 0.614 
ds 0.601E — 07 0.124 C —2,478 1.988 
b, 3.498 2.696 Cr 0.189 1.153 
b,a ~3,728° 2.283 Ch — 1.414 2.023 
baa ~ 1.424 0.704 Cha —2.999° 0.949 
by 3.581 3.001 Cy — 1.030 2.625 
b, —0,418 3.040 Ces 13.711° 7.744 
ba 5.411" 1.103 Či 19.771° 10.877 
Cx ~Q.013 0.708 Cod ~~ Q 420° 5.979 
ra 1.678 1.538 č: —31.171° 13.713 
* Five percent significance. 
° Ten percent significance. 
Table 2. Restricted Profit Function Parameter Estimates—Gillnet-Troll 
Variable Name Coefficient Value Standard Error Variable Name Coefficient Value Standard Error 
d, 0.128 0.111 Cyd 0.4537 0.236 
dı ~~, 127 0.245 č; —0.370 1.436 
d, —0.2937 0.127 Cy -0.033 0.187 
d, 0.591E — 02 0.028 Cy —~ 1.566° 0.569 
ds 0.572E — 02 0.029 Cu ~0.260° 0.096 
ds 0.145E ~ 08 0.040 ĉi 0.792 0.663 
b,, 2.68 1° 1.557 Cr ~().156 0.197 
i 0.458" 0.204 Ch — 1.479" 0.594 
bag 0.073° 0.053 Cra —~0.364" 0.104 
bo ~~ 3,490 1.910 Cy 1.161 0.682 
b, 3.038° 1.618 Ces 40.551° 22.139 
ba 0.567" 0.216 Cy —80.144° 61.727 
Cys 0.273 0.558 Cod 3.279" 1.097 
Cy 2.697" 1.267 C; — 18.401 68.517 


3 Five percent significance. 
? Ten percent significance. 


Results 


Results for the seine and gillnet-troll fleets are 
presented because these vessel types represent 
two extremes in the fishery and, therefore, es- 
tablish bounds on results for the entire fleet. For 
the two vessel types, tables 3 and 4 report es- 
timated cross-price elasticities for variable input 
pairs. These elasticities are calculated using pa- 
rameter estimates from the nonlinear estimation 
procedure and mean values from each sample 
for the regressors. The appendix gives formulas 
from the normalized quadratic restricted profit 
function for these elasticities and for the elas- 
ticities of intensity. 

Elasticities of intensity are used to examine 
the relationships between unrestricted and re- 
stricted inputs. Table 5 presents these elastici- 


Table 3. Cross-Price Elasticity Estimates for 
Seine Vessels 





Quantities Labor* Fuel Gear 
Prices 
Labor ~0.025° ~0.050° 0.024° 
(0.021) (0.029) (0.014) 
Fuel —0.055° ~Q.111 0.055 
(0.032) (0.123) (0.044) 
Gear 0.013° 0.025 —0.012° 
(0.007) (0.020) (0.008) 


* Elasticity estimates use means of the data. 

> Standard errors are in parentheses. Asympotic standard errors use 
the formula for the variance of a random variable that is a nonlinear 
function of several random variables (Kmenta). 

° Five percent significance. 

d Ten percent significant. 
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Table 4. Cross-Price Elasticity Estimates for 
Gillnet-Troll Vessels 
Quantities Labor’ Fuel Gear 
Prices 
Labor —0.044° 0.060 —0.001 
(0.076) (0.107) (0.007) 
Fuel 0.078 —0.677° 0.009 
(0.140) (0.277) (0.025) 
Gear —0.00006 0.003 —0.4E — 6 
(0.0003) (0.0007) (0.2E — 5) 


* Elasticity estimates use means of the data. 

» Standard errors are in parentheses. Asymptotic standard errors use 
the formula for the variance of a random variable that is a nonlinear 
function of several random variables (Kmenta). 

° Five percent significance. 

_ “Ten percent significance. 


Table 5. Elasticity of Intensity Estimates 


Seine Vessels’ ae ll 
essels 
Restricted 
Inputs Tonnage Days Tonnage Days 
Variable quantities 
Labor —0.010 0.004 0.452° 277 
(0.029) (0.051) (0.170) (0.065) 
Fuel 0.366° 0.167 0.571° 0.507° 
(0.180) (0.237) (0.356) (0.129) 
Gear —0.425* 0.406 1.608 =©:115 
(0.251) (0.336) (1.253) (0.389) 


* Elasticity estimates use means of the data. 
> Standard errors are in parentheses. Asymptotic standard errors use 
the formula for the variance of a random variable that is a nonlinear 
function of several random variables (Kmenta). 
° Five percent significance. 

Ten percent significance. 


ties for the seine and gillnet-troll vessels for both 
inputs restricted by the regulator (tonnage and 
fishing days). Looking first at seine vessel elas- 
ticities associated with tonnage, labor and gear 
are substitutes for the restricted input, while fuel 
is a complement. The elasticity values are large 
(especially relative to the cross-price elastici- 
ties) and significant for the fuel and gear inputs. 
The direct substitution effect discussed above 
means that rent dissipation occurs as seine ves- 
sel-owners substitute toward the use of in- 
creased amounts of gear and labor inputs. The 
indirect effect of the increased use of labor means 
an increased use of fuel, its complement. Be- 
cause gear and fuel are substitutes, the net im- 
pact depends upon the relative strength of the 
sets of elasticities. Nonetheless, the results sug- 
gest rent dissipation by seine vessels. This find- 
ing accords with Pearse’s observations and Du- 
pont’s estimates; it is of concern because seine 
vessels, although smallest in absolute numbers 
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(8% of the fleet), dominate the fishery by per- 
centage of fish landed (38% in 1982). 

Results for the gillnet-troll fleet suggest that 
all three variable inputs are complements for 
tonnage (table 5). Furthermore, the elasticity 
values are large, ranging from 0.452 (labor) to 
1.608 (gear), and significantly different from zero 
in two out of three cases. Thus, there is no di- 
rect substitution effect. Moreover, although the 
cross-price elasticities show that labor and gear 
ere complementary inputs, the values are ex- 
tremely small and not significantly different from 
zero. The results support the hypothesis that the 
gillnet-troll vessei does not have many ways of 
dissipating fishery resource rent in the face of 
an input restriction upon a vessel’s use of ton- 
nage. | 

The conclusions are reversed when the elas- 
ticities of intensity associated with restricted 
fishing days are examined (table 5). (Recall that 
each elasticity is a partial elasticity obtained by 
holding constant the quantities of other re- 
stricted inputs.) With one exception, each vari- 
able input has a complementary relationship with 
fishing days in the samples. The values are in- 
elastic but generally significantly different from 
zero. Hence, the fishing days restriction is ef- 
fective in preventing input substitution that can 
lead to rent dissipation. The one exception is the 
ability of vessel-owners in the gilinet-troll sam- 
ple to substitute more gear against a fishing days 
restriction. They do this by purchasing both gill- 
net and troll gear/equipment. Then, when a 
fishing ground is closed to one type of gear, the 
zillnet-troll vessel-owner switches to the alter- 
native unrestricted type of gear. 

Elasticities, not reported in this paper, for the 
other two vessel types show that the troll vessel 
is strikingly similar to the seine vessel in its ability 
to exploit substitution possibilities, while gill- 
net-troll results represent the gillnet vessel well 
(with respect to tonnage elasticities). Thus, the 
British Columbia limited entry program with 
tonnage restrictions per vessel appears to have 
been moderately successful in preventing only 
two of the four vessel types from dissipating re- 
source rent in the salmon industry. The inability 
of fishermen to find substitutes for the restricted 
fishing days input has undoubtedly contributed 
to the regulator’s limited success. 


Conclusions 


Fisheries regulators have now had two decades 
of experience with quantitative input restrictions 
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imposed to preserve resource rent. This paper 
examines whether input control programs can be 
successful by asking whether the fishing harvest 
technology allows fishermen to subvert the in- 
tentions of the programs by substituting unre- 
stricted for restricted inputs. The paper confirms 
for the British Columbia commercial salmon 
fishery, an important regulated Canadian fish- 
ery, that these programs have not been effec- 
tive, as many have argued (Pearse, Rettig). Ex- 
amination of the elasticities of intensity between 
the restricted input, vessel tonnage, and the un- 
restricted inputs provides evidence about the 
ability of two of the four vessel types (seine and 
troll) in the fishery to substitute unrestricted for 
restricted inputs. In so doing, the owners of seine 
and troll vessels are able to dissipate fishery rent 
(Dupont). Restrictions on fishing days, on the 
other hand, do not permit much substitution and 
are better choices for regulated inputs. 

In light of these findings, it is appropriate to 
argue that the regulators should consider phas- 
ing out tonnage control schemes, increasing the 
use of fishing days restrictions, or replacing in- 
put controls entirely with individual transferable 
vessel quotas or royalty taxes. Difficulties with 
the imposition of a royalty tax include the de- 
termination of the correct rate, the necessity of 
an annually fluctuating rate in response to stock 
variability, disincentive effects that encourage 
illegal landings, and possible distributional ef- 
fects of tax incidence. Furthermore, taxes are 
not popular with fishermen. On the other hand, 
the individual transferable vessel quota (ITVQ) 
is generating a great deal of interest among fish- 
eries economists (Christy, Scott). One problem 
with adopting an ITVQ is that it is tantamount 
to the creation of property rights. Furthermore, 
as New Zealand’s recent experience shows, the 
ITVQ can create additional problems for regu- 
lators. These problems include the bycatch 
problem (if the fisherman does not have a quota 
for a particular species, he is likely to throw any 
unwanted species caught back overboard where 
there is only a slim chance of survival), admin- 
istration of quotas associated with a fluctuating 
fish stock, and what to do with fishermen who 
catch more than their quotas (Clark, Major, and 
Mollett). 

Given the problems with the alternative forms 
of regulation and also given inertia in the fish- 
ery, input controls likely will continue to be used. 
However, the potential resource rent available 
in fisheries is so great that regulators cannot af- 
ford to incur the opportunity cost imposed by 
inefficient regulation. This paper’s approach and 
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findings will be useful to regulators of other 
fisheries or industries charged with finding in- 
novative ways of implementing input control 
programs. The regulator would need only to ex- 
amine the elasticities of intensity between var- 
ious pairs of variable and restricted inputs. Those 
inputs with few substitutes or with positive or 
zero elasticities of intensity would be good 
choices for input restriction programs. Alter- 
natively, if the regulator chooses to adopt a set 
of input restrictions, an examination of pairs of 
elasticities of intensity would help to determine 
the best mix of restricted inputs. This represents 
an improvement over the haphazard or politi- 
cally motivated choices usually made for con- 
trolled inputs. 


[Received November 1989; final revision 
received April 1990.] 
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Appendix 


The own- and cross-price elasticities between variable in- 
puts are given below in equation (A1) for the normalized 
quadratic restricted profit function. 
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The elasticity of intensity between tonnage and each of 
the variable inputs is given in equation (A2) for the nor- 
malized quadratic restricted profit function. 


B) 
(A2) Ey = (x ` ag ae ee (8,2, + baa T b,) + a) 
k Py Žr 


Z; 
‘~ fori, k = 1, f, g. 
Xi 


Efficient Spatial Allocation of 


Irrigation Water 


Ujjayant Chakravorty and James Roumasset 


In the presence of conveyance losses, the efficient quantity of water applied falls with 
distance from the water source, but the amount of water “sent” (including conveyance 
losses) actually increases with distance from the source, except toward the tail end of 
the irrigation system. This implies that if marginal cost pricing were implemented, 
farmers at the middle and lower reaches of the system would have to pay more money 
for less water received. The model is illustrated and alternative financing schemes 
compared for an empirically derived demand function for irrigation water. 


Key words: benefit taxation, conveyance losses, irrigation, spatial efficiency, water. 


Despite massive public investments in irrigation 
infrastructure, ex post evaluations of irrigation 
projects in developed and developing countries 
indicate that actual benefits are substantially be- 
low projected levels. Considerable evidence 
suggests that these low benefits are largely the 
result of poor on-farm water use efficiencies and 
rent-seeking activities that result from water 
charges that are low and often unrelated to water 
use (Chaudhry, Repetto, Bowen and Young). 
For example, farmers near the system head- 
works are said to consume a disproportionate 
share of irrigation water, while tail farmers are 
left with scanty and unreliable residual supplies 
(Reidinger, Wade). 

Many governments, faced with increasing po- 
litical pressure to conserve water and reduce fis- 
cal deficits are considering higher water charges 
to decrease waste and increase cost recovery from 
project beneficiaries. There is also increased 
awareness that low water charges and loosely 
enforced water rationing guidelines lead to en- 
vironmental damages and excessive mining of 
groundwater resources. In general, the problems 
of water allocation and low user charges con- 
tribute to derivative problems in achieving ef- 
ficiency, equity, fiscal stability, and environ- 
mental sustainability. 
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In order to improve irrigation performance and 
promote sustainable use of agricultural water, 
an analytical framework for allocating water and 
levying water charges is needed (Repetto). Al- 
though water financing systems vary widely, 
traditional concepts of irrigation management 
imply that farmers be charged uniform prices for 
equal amounts of water delivered (Bishop and 
Long, Yoo and Busch, Burness and Quirk). 
Similarly, evaluations of irrigation systems im- 
plicitly assume that equal water allocation is de- 
sirable and that head versus tail disparities in 
water allocation are prima facie evidence of 
inefficiency and inequity. As shown below, 
however, irrigation policies that prescribe equal 
allocations of water to farmers may be ineffi- 
cient because conveyance costs of water in- 
crease with distance from the source. 

In this paper, conditions for efficient spatial 
allocation of irrigation water are specified that 
take into account conveyance losses caused by 
seepage, percolation and evaporation.’ In the 
following section, a theoretical model is out- 
lined that derives rules for optimal allocation of 
water supplied to farmers at various distances 
from a water source. Optimal water prices are 
developed at each location, and their implica- 
tions for rents and equity are examined. The 
subsequent section illustrates the analytical re- 


` sults for an empirically derived water demand 


function. 


' Tolley and Hastings incorporate conveyance losses to investi- 
gate the gains from reallocation of water from the North Platte River. 
However, their model does not yield general results. The model 
proposed here is not only more general but shows the relationship 
between conveyance efficiency and irrigation system design, user 
charges, and farmer welfare. 


Copyright 1991 American Agricultural Economics Association 
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Efficiency Rules: A Framework 


Abstracting from the costs of information and 
enforcement, efficient spatial allocation requires 
equal marginal value products of water mea- 
sured at a common source point (O’Mara). The 
purpose of this section is to derive the equal 
(gross) marginal product rule and demonstrate 
its implications for (net) marginal value prod- 
ucts and water allocations at the farm level and 
for determination of optimal system size. 

Consider a simplified one-period (one season) 
model of an irrigation system with water sup- 
plied from a point source to a canal. Seasonal 
variabilities in water supply and storage are not 
considered. Farmers draw water at various points 
along the canal located at a variable distance y 
from the source, y = O representing the water 
source, and y increasing away from it. Let O(y) 
be the gross volume of source water sent to a 
farmer located at y, and g(y) be the net water 
received after conveyance losses.” Then the re- 
lationship between source water Q(y) and re- 
ceived water g(y) is given by 


(1) gy) = Qh) 
Wy), Q(y) = 0; 
0<h(y) = 1;A(0) = 1; 
h'(y) < 0; A’(y) = 0, 


where (y) denotes conveyance efficiency as a 
function of distance of farmer from source. 
Conveyance efficiency decreases with distance 
at an increasing rate. The major sources of con- 
veyance loss are seepage and percolation. Evap- 
oration losses are considered unavoidable and 
are ignored because, even if the water is stored 
and conveyed, it will evaporate, although at a 
different rate. Investments in canal lining and 
maintenance reduce h(y). 

In this model, we abstract from differential 
convevance investments over space and from the 
choice of conveyance technology.* Conveyance 
losses from the farmgate to the root zone of the 
crop can be regarded as given such that the yield— 
water relationship is well defined in terms of 
water delivered at the farmgate. The model also 
abstracts from the externality effects of convey- 


2 The theoretical construct used in this paper parallels that pre- 
sented in Caswell and Zilberman, although the nature of the prob- 
lem is different. 

? For a mode) that allows for endogenous choice of conveyance 
technolegy and investment in on-farm water conservation, see 
Chakravorty, Hochman, and Zilberman. 
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ance losses on downstream water quality or on 
irrigation return flows. 

We assume a one-input, one-output produc- 
tion function for received water that holds for 
each farmer in the system.* Output per unit area 
is then given by a production function f(q), which 
nas the usual properties that apply to stage II of 
the neoclassical production function: f(-)>0; 


£'(-)>0; f"(-)<0. The value of marginal product 


function for received water on land of a uniform 
quality can be written as 


(2) VMP, = Pf), 


where P is the competitive crop price. From (2), 
ƏVMP,/ð4<0, a result that follows from the 
concavity of the production function. 

The value of marginal product for received 
water at the source (VMP,) can be defined (by 
assuming the necessary continuity and differ- 
entiability properties and using the chain rule) 
as 


(3) 
VMP,(y) = Pf'(Q) = Pf (OhOO) = VMP,h(y) 


from (1) and (2), and 
(4) SVMP,/dy = Pf'(g)h'(y) <0, 


using (1). Condition (3) gives the relationship 
between the two functions VMP, and VMP,, one 
as a function of water measured at the farm and 
another as a function of water measured at the 
source. From (4), the value of marginal product 
of each unit of source water decreases with dis- 
tance of the farm from source. Intuitively, as y 
increases, more source water must be sent to 
produce one unit of received water on the farm, 
leading to a lower marginal value product at the 
source. | | 

VMP, curves can now be derived as a function 
of source water for farmers at different locations 
along the canal. Define q” and Q”(y) as the 
amounts of water at which VMP, = O0 and 
VMP y) = 0, respectively. Note that from (2), 
q” is not a function of y. For the farmer at the 
source (y = 0), g” = Q”(0), and when y > 0, 
q” = Q"(y)h(y), from which we get Q"(0) < 
O”'(y). In other words, the amount of source water 
at which VMP, becomes zero increases with dis- 
tance. 


* The monocropping assumption is retained for model simplicity 
but can be -elaxed easily by specifying a unique production func- 
tion for each farmer. Differences in farmers’ preferences, skills, 
and financial endowments can also be accommodated by indexing 
on the production function. 


Chakravorty and Roumasset 


The above results can be used to draw VMP (y) 
curves at different distances from the source as 
shown in figure 1. For the farmer located at the 
source, VMP,(0) = VMP, and q” = Q”. Curves 
VMP (y), and VMP,(y2) at increasing distances 
from the source flatten out toward the x-axis, as 
shown. 

The rule for optimal spatial allocation of water 
is now derived by maximizing consumers’ plus 
producers’ surplus, subject to a capacity con- 
straint as follows: 

(5) Maximize á 


> | VMP: (B) dp — | C’(6) dé, 
0 


i=] #0 


subject to 
Z=% Ø, 
i=] 


where i represents the ith farmer and i = 1, 2, 
... , n, Z is the total stock of water at source; 
C’(Z) is the total long-run marginal cost of water; 
and 8 and @ are variables of integration. In this 
discrete optimization problem, each farmer i is 
associated with a distance y. In a continuous 
model, the same result could be obtained by 
summing the area under the VMP, function for 
each y. 

The first term in (5) represents the aggregate 
wilingness-to-pay schedule. It is obtained by the 
horizontal summation of the VMP, curves for each 


Value of 
marginal product 





Source water Q and received water q 


Note: Q and q are related by the equation q(y) 
= Qh). 

Figure 1. Position of value of marginal 
product curves at various distances from the 
water source where 0 < y, < Jz 
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of the n farmers in the system. However, all the 
n farmers need not be within the efficient 
boundary of the system because the allocation 
rule derived from the above optimization exer- 
cise gives an efficient boundary beyond which 
farmers will not receive any water allocation. 
Choosing a value of n large enough will ensure 
the optimal solution (the allocation to some 
farmers may be zero). 

C’(Z) is the sum of the marginal costs of sup- 
ply and distribution. The marginal cost of water 
supply includes the per-period equivalent of 
capital construction costs and costs of operation 
and maintenance of the head works. The mar- 
ginal cost of distribution includes construction, 
operation, and maintenance of the canal as well 
as pumping and metering costs. The marginal 
cost of supply (distribution) usually decreases 
(increases) with capacity (Koenig). The result- 
ing total marginal cost function could be rising 
or falling with Z. We have assumed that the 
topographical constraints on system expansion 
are not binding such that economies of scale in 
the total marginal cost schedule have been fully 
exploited, giving us a rising marginal cost curve. 
In an ex ante setting, the long-run marginal cost 
of water will be determined endogenously by 
choosing an optimal water stock, Z. However, 
if the model is applied to an existing project with 
a fixed capacity, C’(Z) will be a short-run mar- 
ginal cost function. 

Homogeneity in demand is assumed for the 
purposes of allocation of capital costs among 
consumers. The marginal cost-based pricing 
rules, however, generally will not be optimal if 
users are heterogenous or if there are decreasing 
costs or jointness of supply. In those situations, 
other pricing rules, such as those based on in- 
cremental pricing, might be more relevant 
(Loehman and Whinston). 

From (5), the following lagrangian can be 
maximized: 


n pa 
VMP' dB 


zZ 


-f C'(6) dé — A(z -5 o') 
0 i=] 


with respect to the decision variables Q' and Z, 
where A is the usual Lagrange multiplier. The 
first-order conditions are as follows: 


(7a) 
(7b) 


VMP! = À, and 
C'(Z) = A, 
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giving 


(7c) VMP, = C'(Z), 


where A represents the shadow price of water at 
the source. Equations (7) equate the shadow price 
À to the value of marginal product at source for 
each farmer and to the long-run marginal cost 
at optimal system capacity. They give the equi- 
librium condition for optimal allocation of water 
under spatial efficiency. 

Condition (7b) gives Z*, the optimal stock of 
water at source.” Let us denote the optimal val- 
ues of q and Q (those satisfying condition 7) by 
g* and Q*, respectively. Equation (7a) can be 
rewritten as A = Pf'(q*)h(y) and totally differ- 
entiated to yield 


(8) dq*/dy = ~f’ (Gh OF hY) < 0, 


which implies that farmers further from the source 
receive less received (or net) water. Differen- 
tiating (2) and using (8) yields dVMP,(q*)/dy 
= Pf"(q*)dq*/dy > 0. The above discussion can 
be summarized as follows: 


PROPOSITION 1. Optimal allocation implies that 
the value of marginal product of water at the 
source is equal across farmers. The on-farm value 
of marginal product of water is unequal across 
farmers and rises with distance from the source. 
At the optimum the value of marginal product 
at source equals the total long-run marginal cost 
of water. 


5 Z* is optimal given an exogenously fixed conveyance system. 
If the conveyance was endogenously chosen, the optimal water stock 
might be different. 
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Figure 2 shows the determination of the shadow 
price, A, at the intersection of the aggregate 
marginal benefit and marginal cost curves. The 
aggregation of marginal benefit curves is in units 
of source water. There is a unique transforma- 
tion from units of source water to units of water 
received for each farmer through condition (1). 
Here, A is equated to individual VMP, curves to 
give the optimal source water allocation Q*(0) 
at y = 0, and Q*(y) at any downstream location 
}. Water received by a farmer at the source g*(0) 
is the same as water sent, while an amount q*(y) 
= Q*(y)h(y) is received at any downstream lo- 
cation y after conveyance losses. 


Spatial Aliocation of Source Water 


The optimal allocation of source water for each 
farmer can now be determined by differentiating 
(1) and substituting (8) to get 
aQ* /dy 
= [=F ORR O" — ak ONO), 

= [1/e — 1] h'g*/h’, 
where £ = —f” (q¥)q*/f (q*) is the absolute value 
of the elasticity of marginal product of received 
water in crop production. Hence, dQ*/dy = 0 
if either g* = O (which is trivial) or e = 1. Eval- 
uating d?@*/dy* at e = 1 and cancelling terms 
yields 


d’Q* /dy L — (de/dy)g*-h' /W <0 


f"/fdq*/dy = —f"/ 


because de/dy 


Aggregate 
MB, MC 





Aggregate marginal benefit 





I edema te eae naan ee 


Q(y) 7,* 


Q*(y) 


Farmer located downstream 


Total system 


Note: VMP = value of marginal product, q(y) = water received and Q(y) = source water related by 


the equation q(y) = Q(y) hy), 


MB = marginal benefit, MC = marginal cost, Z = total stock of water, 


Py = effective price of water, A = shadow price of water. 


Figure 2. Determination of optimal stock of water, allocation, and pricing 
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f':(f'h' /f"h) = h'(y)/h(y) < 0. Therefore, the 
Q*(y) function has a local maximum at e = 1. 
These results can be combined as follows: 


PROPOSITION 2. Spatial efficiency implies that 
the allocation of source water increases with 
distance from source until the absolute value of 
elasticity of the marginal product for received 
water equals unity. Optimal water sent de- 
creases with distance beyond that point.° 


Note that the length of the canal Z (and hence 
the irrigated area, because we have assumed 
constant width) is endogenously determined at 
the point where farmers do not receive any water 
allocation, or g*(L) = 0. 


Spatial Distribution of Charges and Rents 


In this section we derive optimal water prices 
and spot rents accruing to farmers at each lo- 
cation along the canal. The localized shadow 
price of received water at a distance y is P,,(y). 
Efficient allocation requires that the marginal 
product of received water be equated to its 
shadow price, or P,(y) = VMP,(q*) = A/h(y), 
using (3) and (7a). At the source, the localized 
shadow price of water is equal to its system 
shadow price, since h(Q) = 1. In addition, dP,,/ 
dy = —)h'(y)/h’ > 0, i.e., the localized shadow 
price of water increases away from the source. 

Marginal cost pricing implies that farmers at 
any location y pay either the system shadow price 
of water per unit of source water or the localized 
shadow price per unit of received water. Both 
satisfy AQ* = (A/h(y))q* = P„q* from (1). In- 
tuitively, both marginal cost pricing solutions 
are equivalent because the total products from 
source water and received water are equal [from 
equation (7), marginal cost pricing is the same 
as marginal product pricing]. It can be shown, 
by changing the variable of integration, that the 
areas under the corresponding value of marginal 
product curves for source water and received 
water are equal, or 


q* Q* 
(9) | _VMP, da = | VMP, dr, 
0 0 


where æ and 7 are variables of integration. 


° In the presence of topographical constraints, g* might lie within 
the elastic segment of the VMP, function, in which case Q*(y) will 
be a monotonically increasing function of y without an interior 
maximum. 
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At marginal cost prices, spot rents from land 
R(y) at location y are given by 


(10) R(y) = Pf(q*) — Pyq*. 
Differentiating (10) with respect to y yields 


R'(y) = dg* /dy{Pf'(q*) — Py] 
~ g*:dP,,/dy <0 


because Pf’(q*) = P,,; or spot rents decrease away 
from the source when each farmer is making the 
optimal decision given his (her) location. 

In order to examine the effect of conveyance 
efficiency on optimal water prices and rents, (10) 
is differentiated with respect to A(y) to obtain 
dR/dh = q*à/k > 0, which indicates that a 
higher conveyance efficiency increases land rents. 
Similarly, dP,,/dh = —A/h? < 0 and d’P,,/dh’ 
= 2A/h > 0, or increased conveyance effi- 
ciency lowers the localized shadow price at an 
increasing rate. We can thus state the following: 


PROPOSITION 3. Under marginal cost pricing, 
the localized shadow price of water increases 
with y and decreases with improved conveyance 
efficiency. Land rents net of water charges de- 
crease with y and increase with improved con- 
veyance efficiency. 


These results explain the behavior of farmers 
in response to any given shadow price of source 
water A. All farmers pay the same shadow price 
per unit of source water. As distance from the 
source increases, the divergence of VMP, from 
VMP, increases, so that the effective price per 
unit of received water becomes increasingly 
greater than the price per unit of source water. 

The marginal cost pricing solution is shown 
in figure 2. At the source, the localized shadow 
price P*(O) = A, corresponding to the optimal 
quantity received g*(O), is read off the VMP, 
curve. For a farmer located at any y, the price 
for QO*(y) units of source water is A. The lo- 
calized shadow price for g*(y) units of received 
water is given by the VMP, curve, P*(y). Under 
marginal cost pricing, water charges for the 
downstream farmer could be expressed as AQ*(y) 
or PO )g* y). 

Even though marginal cost pricing is effi- 
cient, it may still be objectionable on equity 
grounds, given that rents near the system head 
are much higher than those at the tail of the sys- 
tem and because farmers in the middle and tail 
of the system may pay mcre money for less total 
water received.’ Moreover, marginal cost pric- 


7 “Head” and “tail” are relative terms that distinguish the loca- 
tion of the two parties vis-d-vis one another. 
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ing is not necessary on fiscal grounds. Because 
marginal cost is rising, marginal cost pricing 
would lead to more than 100% cost recovery. If 
rationing mechanisms are available to set quan- 
tity independently of water charges, then effi- 
cient allocation can be achieved without resort- 
ing to marginal cost pricing. This facilitates the 
apparent separability of efficiency and equity and 
permits a range of possible taxation schemes, 
including the following: 


Rule 1. Proportional benefit taxation. Project 
beneficiaries could pay in proportion to their in- 
dividual benefits (Wicksell). This scheme would 
involve tail farmers receiving less net rents than 
head farmers, although the benefit distribution 
would be less skewed than under marginal cost 
pricing. 


Rule 2. Equal rents. The total cost of the sys- 
tem is to be shared among farmer beneficiaries 
so as to equalize the net rents for all farmers in 
the system. However, equalizing rents would 
induce rent-seeking pressures at the boundaries 
of irrigation systems for system expansion. This 
is a serious problem of irrigation design in many 
parts of the world where the target irrigated area 
is much larger than what the system capacity 
can efficiently support (Repetto). 


Rule 3. Equal charges. Farmers are charged 
equal amounts for membership in the system. 
This may provide a pragmatic compromise where 
the administrative costs and political feasibility 
of collecting differential water charges is a con- 
cern. Equal charges do not achieve equal rents 
but at least eliminate the “more money for less 
water” inequity of marginal cost pricing. These 
alternative financing schemes are illustrated be- 
low. 


Low versus High Conveyance Losses: 
An Application 


The above model is illustrated by taking con- 
veyance and production functions that closely 
represent the physical and engineering charac- 
teristics of irrigation systems. Representative 
patterns for the price, quantity, and rent func- 
tions are obtained under spatial efficiency for 
conditions typical to actual irrigation systems. 
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We construct a VMP, function from a survey 
of functional water-use yield relationships (Hil- 
lel) and from linear programming studies of cash 
crops in Pakistan (Carruthers and Clark). Hillel 
approximates a yield-water use curve with two 
segments—a flat portion with constant marginal 
product and a downward-sloping portion with 
decreasing marginal product at higher quantities 
of water: 

(11) 
ž _ | 175 for0=q=0.3 
YMP, = | 9.66 — 3.0q for 0.3 Sq < 0.875, 


where VMP, and g are in U.S. cents and meters 
of water, respectively. The two-part function is 
more accurate than the uniformly downward- 
sloping curve usually assumed because, at low 
quantities of water, on-farm losses through deep 
percolation and evaporation are proportionately 
higher, justifying a relatively high but constant 
marginal product over some range of water use. 
The above function can be treated as a special 
case of the more general concave, downward- 
sloping functions analyzed in the previous sec- 
tions. 

The loss of water from seepage and evapo- 
ration is assumed proportional to the volume of 
water carried in the canal (e.g., Tolley and Has- 
tings). Thus, (1) becomes 
(12) q=Q-e™, 
where a is the conveyance loss coefficient. Val- 
ues of a from 0.015—-0.02 are commonly found 
in developing country irrigation systems, where 
canals are often unlined or have linings of low 


quality, maintenance is poor, and evapotrans- 
piration is high because of higher ambient tem- 


peratures (Bos and Nugteren, Hillel). In the 


simulations that follow, alternative values for a 
of .Ol and .02 have been considered. 

We assume a hypothetical long-run marginal 
cost function 


(13) 


wnere C’(-) is in cents and Z is in cubic meters. 
Although the marginal cost function for water 
supply can vary with specific irrigation tech- 
nologies, projects, and geographical region, a 
linear form is assumed for simplicity. The total 
width of the system is 1,000 meters (500 meters 
on each side of the canal) with a uniform farm 
size of 5 hectares, which means that canal out- 
lets to successive farms are located every 50 
meters. 

By taking a starting value of Z, we can com- 


C'(Z) = Z: 1076/30, 
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pute C’(Z) and A from (13) and (7b). Conditions 
(7a) and (3) give VMP, and VMP, at y = 0. From 
(11), we obtain g* and Q*. Because a is known, 
h(y) is known; and, hence, P,(y), g*(y), O*(y), 
and R(y) can be directly obtained. This process 
is continued for each y until the total stock of 
water Z is exhausted. By iterating on Z, we 
choose the optimal Z* that maximizes total net 
benefits as defined by the objective function in 
(5). The efficient length of the canal Z is thus 
determined endogenously. 


Simulation Results 


Figure 3 ahd table 1 show the water allocations 
and charges under alternative conveyance losses 
and taxation schemes. The results can be sum- 
marized as follows: 
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(a) If conveyance efficiency is low, the ag- 
gregate marginal benefit curve shifts up, leading 
to increased aggregate water use, a higher shadow 
price of water at source, and a larger irrigated 
area (see fig. 3, where the efficient length of the 
system increases from 37.2 kms. to 54.5 kms.).° 
In this case, reducing the conveyance loss coef- 
ficient by one-half leads to expansion of the 
command area by almost 50%. 

(b) Under both high and low conveyance loss 
regimes, source water allocations increase away 
from the head and are maximized at about 25 
kilometers from the source (see fig. 3). Farmers 


ê Because width is assumed constant, irrigated area is propor- 


tional to canal length. 


——~ High conveyance loss 
----~ Low conveyance loss 
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Figure 3. Spatial variation of source water and received water for Pakistan 


Table 1. 
(with high conveyance loss) 


Effect of Alternative Taxation Schemes on Water Charges and Rents for Pakistan 





Water Charges per Farm ($) 


Head Qmax* 
Marginal cost pricing 250.1 291.0 
Proportional benefit taxation 247.0 194.3 
Equal charges 207.8 207.8 
Equal rents 282.2 183.6 


Rents per Farm ($) 


L Head Qmax L 
262.5 207.2 68.9 0 
141.8 210.4 165.5 120.8 
207.8 249.6 152.1 54.8 

86.6 175.0 175.0 175.0 


* Omax denotes the location where source water allocations are maximized. 


> L denotes the system boundary. 
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beyond that point get decreasing amounts of 
source water.’ 

(c) Received water decreases steadily with 
distance from source (fig. 3). With an increase 
in conveyance efficiency, the curve for received 
water flattens, reducing spatial differences in 
water received. Under high conveyance losses, 
efficient allocations at the head are approxi- 
mately double that at the tail. 

(d) if farm size is uniform, total water charges 
under marginal cost pricing are maximized at 
the point of maximum source water and do not 
vary substantially over space (table 1).'° Thus, 
schemes that charge spatially uniform taxes but 
ration efficient water allocations (¢g*) might be 
an attractive policy option. 

(e) When compared to the other taxation 
schemes discussed, marginal cost pricing is most 
inequitable, while proportional benefit taxation 
permits all farmers to collect a higher degree of 
rents than if there was no taxation (table 1). The 
scheme that equalizes net rents across locations 
benefits farmers located at the tail of the system 
the most while equalizing water charges pro- 
vides administrative simplicity."' 


Concluding Remarks 


In the presence of conveyance losses, efficient 
spatial allocation of irrigation water implies that 
the quantity of water applied should fall with 
distance from the water source. In terms of water 
produced at the source (before subtracting con- 
veyance losses), the optimal quantity of water 
allocated to further reaches of the system in- 
creases and then decreases with distance from 
the source. 

Under marginal cost pricing, the effective price 
of water on the farm increases and quasi-rents 
decrease away from the source. If nonprice in- 
struments for enforcing water allocations are 
available, then a variety of benefit taxation 
schemes can be adopted to make the spatial dis- 


? We performed a similar set of computations with data from Cal- 
ifornia and found that a higher marginal product per unit of on- 
farm water and higher intensity of water use in California contrib- 
uted to a _arger optimal water stock Z* and higher effective prices. 
Similarly, the absolute value of rents, as well as head-tail differ- 
entials in prices and rents were much larger in magnitude in Cal- 
ifornia than in Pakistan. 

10 In a low conveyance loss regime, the spatial variation in water 
charges would be still lower, strengthening the case for uniform 
water charges over space. 

H Under very high conveyance losses, equalizing net rents could 
result in tail farmers being subsidized for consumption of irrigation 
water. 


Amer, J. Agr. Econ. 


tribution of rents more uniform, the choice of 
which depends upon the welfare objectives of 
the irrigation agency. Water charges that equal- 
ize net benefits are vertically equitable but could 
lead to political pressures for expansion of ir- 
rigated area beyond its efficient size. Water 
charges proportional to net benefits allow higher 
rents towards the tail of the system, relative to 
marginal cost pricing, and also preserve hori- 
zontal equity and mitigate against rent seeking. 
Equalizing water charges provides a pragmatic 
compromise by limiting rents from expansion of 
the project area, avoiding the additional admin- 
istrative problems of differential pricing and re- 
sponding to unfairness associated with paying 
higher water charges for less total water re- 
ceived, 

The mcdel also provides an operational basis 
for estimating irrigation benefits under alterna- 
tive allocation rules as the aggregate area under 
the individual demand curves. Existing methods 
of estimating irrigation project benefits have 
largely been based on ad hoc estimates of ex- 
pected increases in revenues or profits, not on 
theoretical foundations that take into account the 
specific characteristics of irrigation systems. The 
model can also be used to address the concerns 
of irrigation planners regarding the distribution 
of benefits and costs in various combinations of 
allocation rules and financing arrangements. 

The benefits of efficient spatial management 
as described here should be weighed against the 
higher administrative costs that may be in- 
curred. The model can also te expanded by al- 
lowing for the endogenous choice of convey- 
ance and on-farm irrigation technology, and 
private groundwater extraction. Methods for 
classifying land quality can also be incorporated 
(e.g., Caswell and Zilbermar.). Empirical work 
is needed to determine the shepe of the marginal 
product schedule under varying environmental 
conditions. In empirical applications, the frame- 
work suggested above can also be extended to 
estimate the expected benefits of irrigation in 
different (stochastic) rainfall environments. 


[Received March 1988; final revision received 
March 1990. ] 
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Optimal Control of Fish Growth 


Oscar J. Cacho, Henry Kinnucan, and Upton Hatch 


Fish culture is an efficient means of protein production. However, in con-rast to land 
animals, fish cannot be fed ad libitum because feed not consumed within a few hours is 
decomposed. This paper presents a bioeconomic model for determining cost-effective 
feeding regimes for pond-reared fish. The interplay among feed allowance, diet quality, 
and harvest date is explored. The optimal control model used is flexible, incorporates 
the effects of water temperature on fish appetite, and can be used to gain insight into 
efficient management of aquacultural production systems in different geographical 


regions. 


Key words: aquaculture, bioeconomics, dynamic optimization. feed efficiency. 


Aquaculture is rapidly growing throughout the 
world. In 1985 it accounted for over 14.5% of 
total fish landings, an increase of 250% over the 
preceding decade. In the United States, aqua- 
culture is the fastest growing segment of agri- 
culture, increasing at a rate of over 20% per an- 
num from 1980 to 1987 (Manzi). Fueled by 
rapidly rising retail prices for fish, low feed cost, 
production efficiencies made possible by im- 
proved understanding of fish biology, and grow- 
ing consumer preferences for fish, U.S. catfish 
production has more than quadrupled since 1980 
(U.S. Department of Agriculture). Mississippi 
is the largest producer of farm-raised catfish (with 
over 75% of the total domestic production), fol- 
lowed by Arkansas, Alabama, and Louisiana 
(Keenum and Waldrop, U.S. Department of 
Agriculture). 

Fish production has several advantages over 
land animal production systems. Fish convert feed 
into bady tissue more efficiently than land an- 
imals, the ratio of weight gain to feed consumed 
averages 0.84 for channel catfish, compared to 
0.48 for broilers and 0.13 for beef. The pro- 
portion of edible lean tissue in the dressed car- 
cass of catfish is .81 compared to .60, .54, and 
.65 for beef, pork, and chicken, respectively 
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(Lovell). However, the fact that fish are raised 
in water poses complications not present in land 
animal production systems. Loss of nutrients 
occurs if feed is not consumed immediately. Af- 
ter a few hours, unconsumed feed is decom- 
posed by bacteria. The excess feed represents a 
wasted resource which, when coupled with the 
added organic wastes discharged by fish, de- 
creases available dissolved oxygen in the water. 
Low dissolved oxygen decreases fish appetite 
and growth rates and increases potential death 
losses. Reduced water quality also exacerbates 
off-flavor problems (Kinnucan et al.). Although 
mechanical aeration can mitigate the effects of 
reduced dissolved oxygen, production costs are 
increased. 

An important decision faced by fish producers 
is how much to feed each day (Jensen). The dis- 
tinction between ad libitum and satiation feed- 
ing is important. In ad libitum feeding, feed is 
available throughout the day, and the animal de- 
cides when and how much to consume. In sa- 
tiation feeding, as much feed as fish will con- 
sume in fifteen to thirty minutes is offered once 
a day. To avoid the risk of accidental overfeed- 
ing, Jensen recommends adjusting the feed al- 
lowance every two weeks, and feeding approx- 
imately 90% of satiation. Thus, reliable estimates 
of fish appetite under different environmental 
conditions are needed. 

The advantages of using biological and nutri- 
tional information in dynamic production models 
were discussed by Fawcett and later exploited 
by Chavas, Kliebenstein, and Crenshaw for swine 
production; Chavas and Klemme for dairy farrns; 
and Talpaz et al. for broilers. Concerning aqua- 
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culture, emphasis has focused on the stocking/ 
harvesting decisions for shrimp (Karp, Sadeh, 
and Griffin), prawn (Leung and Shang), and carp 
(Talpaz and Tsur). These studies, however, as- 
sume that feeding follows a predetermined 
schedule. The purpose of the research reported 
in this paper is to develop a model for deter- 
mining cost-effective feeding regimes for pond- 
reared fish and to quantify the interplay among 
feed allowance (ration size), diet quality (pro- 
tein percent), and harvest date. The research 
procedure employs an optimal control model 
based on a fish growth simulator. Catfish is used 
because of its Importance and because experi- 
mental data are available to calibrate the growth 
model. 

This paper provides the basis for applying an 
iterative research process to aquacultural prod- 
ucts. Existing research information is integrated 
to provide insight into further research needs. 
Results from new research can in turn be in- 
corporated into the model with no need for ma- 
jor modifications of the basic equations that de- 
scribe the growth of the animal (Allen et al.). 
A firm-level optimization problem with dy- 
namic and static components is developed. The 
biophysical model is briefly discussed, and an 
optimal control model is developed to solve the 
dynamic portion of the problem. The strategy 
used in this paper is similar to that of Talpaz et 
al. for broilers, in that the economically opti- 
mum body-weight trajectory is obtained by con- 
trolling feed intake. 


The Model 


In a typical catfish operation, fingerlings mea- 
suring 4 to 6 inches are stocked in spring at 2,500 
to 5,000 fish per acre. Feed containing 32% 
protein is offered every day, either to satiation 
or at a rate of 3% of estimated body weight per 
day. Water quality, as measured by the concen- 
tration of dissolved oxygen (DO), is checked on 
a daily basis during summer. When DO falls be- 
low a critical level (generally 2 ppm.), aeration 
equipment is used to restore the oxygen to a safe 
level. Ponds are generally harvested by proces- 
sors, who prefer fish weighing 0.75 to 1.25 
pounds (340 to 568 grams). 

The model developed here is concerned with 
short-run decisions. Therefore, only variable costs 
are considered. Production costs and returns are 
expressed on a per-hectare (ha) basis. The pro- 
ducer seeks to maximize return (a) above vari- 
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able costs per hectare of pond water. Maximize 
(1) a = YPy — (Cr + Ca + Cy), 


where Y is the quantity of fish (kg/ha), Py is 
price of catfish ($/kg), Cp is feed cost ($/ha), 
C, is aeration cost ($/ha), C; is total fingerling 
cost ($/ha). The production function is 


(2) Y = W,S, 


where S is stocking rate (fish/ha), and Wy is 
harvest weight (kg/fish), defined as 


tH 
(3) Wa = Wa +t | w, dt, 


where fp is stocking day, fy is harvest day, Wọ 
is stocking weight (kg/fish), and w, is the growth 
rate on day t(kg/day). 
Production costs are defined by 
tH 
(4) Cr = PpS | ROOF, dt,O0= RO) = 1, 


to 
tH 
(5) C, = Px | A, dt, and 
to 


(6) C: = P,S, 


where P; is price of feed ($/kg), Px is price of 
electric power ($/kW -hr), P, is price of fin- 
gerlings ($/fish), R is ration size (relative to ap- 
petite), F, is fish appetite on day r(kg/fish day), 
A, is energy used for aeration (kW - hr/ha day). 

In addition we have the following technical 
relationships: 


dF 
(7) F,=— =f{wi, TO}. 
dt 
dw 
(8) o, = a e{Wd), TO, RO, D}, 


dA 
(9) A= Zz hW, TO, RO, D, S}, 


where W is fish weight (kg), T is water tem- 
perature (°C), and D is diet composition (per- 
cent protein). Functions (7) and (8) represent daily 
input and output, respectively, simulated by a 
system of fifteen nonlinear differential equa- 
tions (Cacho). Simulation starts with food in- 
take (7), and follows the energy flow inside an 
individual fish to estimate growth rate (8). A 
simplified version òf the model is presented in 
the following section. 
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The Biophysical Model 


In the fish growth model, the energy provided 
by feed is partitioned into maintenance and 
growth needs. Daily growth is treated as a re- 
sidual quantity after maintenance needs are met 
(Chavas, Kliebenstein, and Crenshaw). Daily 
growth rate is defined as 


(10) wo, = O(DE R F, — M). 


The term in parentheses represents daily energy 
gain, and the parameter ¢ is a function of fish 
body composition that converts energy into 
weight units. The value of ranges from 0.33 
to 0.86, depending on the proportion of water, 
protein, and fat in the fish body; DE is the di- 
gestible energy content of the ration (fixed at 
2,800 Kceal/Kg); M, is the energy required for 
maintenance (Kcal/day); and the remaining 
variables are as previously defined. 

Feed intake is the most important factor in- 
fluencing fish growth. Fish appetite on a given 
day is defined as 


(11) F,= 0, WwW”, 

where 

(12) 0s WTE 
1+ 0, eo? 


All the parameters in equations (11) and (12) are 
positive. Because fish are cold-blooded, water 
temperature is a major factor affecting all levels 
of fish growth. Temperature affects early growth, 
food intake, maintenance requirements, meta- 
bolic rates, and the composition of gain (Kau- 
shik). 0, increases from close to zero at 8 de- 
grees centigrade (°C) to a maximum of 0.43 at 
33° C and rapidly decreases thereafter. 

Energy used for maintenance is obtained from 
dietary protein, fat, and carbohydrates. The lat- 
ter nutrients are readily converted to fat and stored 
in that form. Thus maintenance energy (M,) is 
defined as 


(13) M, = MP, + MF, 


where MP, and MF, are maintenance energy 
provided by protein and fat, respectively, de- 
fined as 


(14) MP, = Bp R” T, W°, 
(15) MF, = Br R Tr We’, 
where 

(16) D =T, e. 
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In (15), W, represents fish body energy. All the 
parameters in equations (14) to (16) are posi- 
tive, and tp is greater than 1. Bp, Tp and Bp are 
functions of diet composition (digestible pro- 
tein/digestible energy). 

Substituting equations (11) to (16) into (10) 
yields a growth function that is concave in both 
ration size and water temperature (with a max- 
imum when T = 30° C). This model simulates 
protein and fat dynamics, allowing for the in- 
clusion of quality attributes into the production 
function. Coefficient values and other details of 
the growth model are presented by Cacho. 

The expected annual water temperature cycle 
is described by the function 


365 
1 = h = 365, 


í lo a p= la 
(17) T(t) =T, + Tp SIN (2x we), 


where T, is the average annual temperature, Tp 
represents the range of temperature about T4, t4 
is the time of the year at which T = T,, stocking 
date (tp) equals 1 on January first, and £ is the 
number of days from stocking to the current day. 
It was assumed that T; = 20° C, t, = 120 days, 
and Tg = 13° C. This function was added to the 
model to provide the average daily temperature 
input; it can be applied to different geographical 
areas by specifying the appropriate parameters. 

Energy used for aeration [equation (9)] is es- 
timated by 


(18) neta 


where DO, is oxygen demand (Kg/ha day) and 
OT, represents oxygen transfer rate in the pond 
(kg/kW hr). The oxygen requirements of a fish 
are given by diet composition and energy used 
for maintenance. These requirements were es- 
timated from M, in equation (13), by using ox- 
ycalorific equivalents of specific nutrients (El- 
liot and Davidson). OT, is defined as (Boyd, 
Rajendren, and Durda) 


B DO, — DO, 


1.0247” a, 
9.07 


(19 OT, = OT, 


where OT, is standard oxygen transfer rate (kg/ 
kW hr) (provided by the aerator manufacturer); 
DO, is oxygen saturation level at actual water 
temperature, obtained from solubility tables 
(Boyd); DO, is the dissolved oxygen level to be 
maintained in the pond; a = 0.77 and B = 0.94 
are correction factors determined by Shelton and 
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Boyd for Alabama ponds. A value OT, = 1.9 
is close to the average for electric paddlewheel 
aerators (Ahmad and Boyd). DO, = 5 mg/l is 
assumed because this level will provide enough 
oxygen without constraining appetite or growth. 

The following assumptions were made in 
solving the optimization problem: (a) Temper- 
ature is deterministically given by time of the 
year as described by equation (17). (b) Feed is 
purchased in bulk; therefore, diet composition 
is fixed throughout the growing season. (c) Six 
thousand 20-gram fish/hectare are stocked on 
April first. (d) The rate of aeration (A,) is au- 
tomatically adjusted in response to the fish ox- 
ygen demand to keep the dissolved oxygen level 
at Sppm. i 

The stocking rate assumption deserves com- 
ment. Although increasing the stocking density 
increases total production per unit area (up to 
the carrying capacity of the pond), the higher 
stocking increases production risks (Hanson, 
Martin, and Flynn) and produces greater vari- 
ability in fish size at harvest. The effects of 
stocking density on individual fish growth are 
complex because of the interplay of social in- 
teractions (e.g., competition for food and 
aggression) and the effects of higher biomass on 
water quality. 

Assumption (c), when coupled with assump- 
tion (d), represents a conservative approach. The 
pond environment is maintained as favorable as 
possible, reducing the risk of losses due to low 
dissolved oxygen and diseases. These assump- 
tions can be relaxed once more experimental in- 
formation becomes available to allow their treat- 
ment as decision variables in the growth model. 


Solution Strategy 


By substituting equations (2) through (19) into 
(1) we can express profit in terms of nine vari- 
ables. The state variables W(t) and DO,(f) (en- 
dogenous) and T(A (exogenous) describe the state 
of the system at any time t. The decision vari- 
ables ft, ty, R(), A D, and S can be controlled. 
DO,(®) is fixed at Sppm through adjustment of 
the decision A, [assumption (d)]. T(ġ cannot be 
controlled; its trajectory from fọ to ty is prede- 
termined by assumption (a). Because § and fy 
are fixed [assumption (c)], the problem is re- 
duced to finding the optimal combination of RO), 
D, and ty. Because fish are fed once a day, time 
is divided into discrete one-day intervals. We 
obtain a set of n = 2 + (ty — tọ) first-order con- 
ditions of the form, 


“where x, = D, x = ty, x% = R(t), -. 
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(20) 

on OY dWy ee Cs) 
— = Pp, — — —- | — + —] = 0, 
OX; Wy ðX; Ox; Ox; 


fori = 1,2,..., n; 


o Xn = 
R(ta). The complexity of the biophysical model 
and the presence of nonlinear equations pre- 
clude an analytical solution to the problem. 

Numerical solution was accomplished in two 
steps. In the first step, an optimal control al- 
gorithm was used to optimize the dynamic de- 
cision variable R(t) for different values of the 
static decision variables D and ty, and for dif- 
ferent terminal values of the state variable W(t,). 
Optimal control results were output to a file that, 
in the second step, was used to find the profit- 
maximizing solution. The second step can be 
easily accomplished using a spreadsheet or 
graphics package. 


The Optimal Control Problem 


The problem is to find the trajectory of the con- 
trol variable R(t) that minimizes the cost of pro- 
ducing a fish of weight Wy at harvest time ty. 
The objective is to minimize 


(21) J =P. | Ro F, dt, 
subject to 

(22) F, = FIWA), t}, 

(23) w, = g{W(), R @), t}, 
(24) 0=RO = 1, 

(25) W(t) = Wo, and 

(26) Wty) = Wy. 


The functional (J) represents the cost of feeding 
an individual fish from stocking to harvest. Be- 
cause Pp is constant for a given diet composition 
(D), the problem can be reduced to maximize 


(27) H = —-R() F, + oD WO); 


constraint (24) is introduced by the lagrangean 
function: 


(28) A=H + NORO + AO] — ROI, 


which translates into the optimal control func- 
tion, 
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(29) 
0 Hp <0 
R*@) = 4R(Hel0, 1] if 4H, =0; 
i Hp > 0 
where 
_ oH 
" aR 


Here, Hp is the switching function and R° is the 
singular path of the control. Bang-bang control 
occurs when the singular path is outside the al- 
lowed bounds (Beltrami, Liu and Forker). 

Evaluating the Euler equation for the state W 
(Burghes and Graham), we obtain the adjoint 
equation: 


do 
dt 
Equation (29) implies that along the singular path: 


du, 


R(t) = (£) 
= aaua 9 5 ; 
aw ow 


(30) 


F, 
(31) or) = —; 0s R=1, 
dw 


t 


dR 


The adjoint function shows that the shadow cost 
on a given day is represented by the ratio of fish 


Fish Appetite [F, (g/day)| 
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Figure 1. 
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appetite to the rate of change in fish growth rate 
with respect to the control variable. 

F, places an upper limit on the amount of en- 
ergy that can enter the system on a given day; 
F, is determined by temperature and weight 
(equation 11) and is not affected by the control 
R(t). For a given state of the system, an increase 
in the efficiency of feed use will cause a de- 
crease in the shadow cost. 

The functions involved in equation (31) are 
illustrated in figure 1. This figure was numeri- 
cally generated using equations (10) to (16). 
Figure 1A shows fish appetite [the numerator of 
equation (31) or equation (11)] in temperature 
space at five different fish weights. Four states 
(I to IV), corresponding to different tempera- 
ture /weight combinations, were selected to ana- 
lyze o(f). The shadow cost increases with in- 
creasing R (fig. 1B); roman numerals on the 
curves indicate the corresponding state of the 
system. At T = 30 (states I and II), the increase 
is nearly linear. At T = 33 (states II and IV), 
the shadow cost increases at an increasing rate. 
When the system is at a high-T high-W com- 
bination (IV), a rapid increase in shadow cost 
occurs as the control increases, implying a higher 
pressure to use feed efficiently. 

If the differential equation (30) could be solved 


„ Shadow Cost [0 (t)! 
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Ration Size [R(t)] 


Relationship between the control R(£) and the shadow cost o(¢) at four different 


states of the system (temperature/weight combinations) 
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for o(f) as a function R(t), the result would be 
a system of two equations (30) and (31), with 
two unknowns (R*(‘) and o*(¢)). While these 
equations are useful for gaining insight into the 
system, numerical solution of the problem is more 
easily obtained by finding the value of R(d), 
within the interval (0, 1), that maximizes H in 
equation (27). Then equation (30) is used to es- 
timate the value of o(t + 1). Solution of equa- 
tion (30) requires an estimate of the initial value 
of the adjoint o(f,). Although o(é)) is unknown, 
the final value of the state W(t,) is known, pro- 
viding the boundary necessary to solve the sys- 
tem. If the terminal value of the state were open, 
the transversality condition o(t¢,,) = O would ap- 
ply (Seierstad and Sydszter). However, in the 
dynamic version of the traditional cost mini- 
mization problem, with W(ty) fixed, o(¢,) is not 
constrained. 

A shooting algorithm combined with a Brent 
maximization subroutine (Press et al.) was used 
for numerical solution. The algorithm consists 
of estimating an initial value for the adjoint, a(t), 
and numerically integrating equation (30) while 
maximizing equation (27) at one-day intervals. 
If the terminal condition in equation (26) is not 
achieved, o(f)) is adjusted and the procedure is 
repeated until W(t) = Wy is obtained. At this 
point the optimal solution for the given set of 
constraints occurs. For given values of the static 
decision variables D and ty, the corresponding 
functions R*(t), o*(t), and W*(t) represent, re- 
spectively, the optimal trajectory for the con- 
trol, the adjoint, and the state variable. 


Results 
Optimal Trajectory 


Figure 2 shows the optimal trajectories com- 
pared to a growth maximization and the feeding 
schedule recommended by Jensen. A 32% pro- 
tein diet, the most commonly used by catfish 
farmers (Keenum and Waldrop), was used to 
generate these curves. The effects of water tem- 
perature on fish appetite and potential for growth 
are apparent. For the assumed temperature cycle, 
maximum feed consumed (Fmax) increases from 
almost zero to a maximum of 38 kg per ha per 
day in late summer (fig. 2A). The optimal con- 
trol path (R*(2)F,) is a bimodal curve with a lo- 
cal maximum in late spring, a local minimum 
in midsummer, and a global maximum in late 
summer. This trajectory minimizes the area un- 
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Figure 2. Trajectory of the state variables 
T(t) and W(), and the control variable R@F, 
under optimal control, Jensen’s feeding 
schedule, and maximum growth 


der the curve while satisfying the boundary con- 
ditions of the problem. The integral of R*(t)F, 
represents total feed necessary to produce a fish 
of weight Wy on day ty with a D% protein diet. 
The shape of the curve is the same for different 
values of D, ty, and Wy; but the extreme points 
change. Thus, feed input use is affected by the 
static decision variables. In contrast to growth 
maximization, in which fish are fed to satiation, 
the cost minimization solution implies that feed 
should be restricted during selected growth pe- 
riods (see fig. 2A). The restricted feeding re- 
gime is consistent with the results for broilers 
obtained by Talpaz et al. Jensen’s stepwise 
feeding schedule falls between the optimal and 
maximum trajectories during the summer months. 

The fish growth curves (fig. 2B) exhibit three 
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inflection points. Fish weight increases at an 
increasing rate during spring; after the first 
inflection point in late spring, it increases at 
a decreasing rate in midsummer. The second in- 
flection. point occurs in late summer, and fish 
gain weight at an increasing rate during fall. The 
third inflection point occurs in late fall, and fish 
growth rate rapidly decreases as winter ap- 
proaches. The patterns of growth in the curves 
shown in figure 1B are caused by the temper- 
ature cvcle, in concert with the associated feed- 
ing trajectory and the changing needs of the 
growing fish [see equations (11) to (17)]. The 
optimal path of the state variable, W*(r), gives 
the slowest growth rate during summer, fol- 
lowed by Jensen’s trajectory. A harvest weight 
of 500 grams is reached in 198, 210, and 250 
days under maximum growth, Jensen’s feeding 
schedule, and optimal control, respectively. Be- 
cause growth rate is so slow during winter, it is 
not practical to stock new fish in the fall. Thus, 
the only benefit of a shorter season is the re- 
duced interest payment. 


Tsoquant Analysis 


The optimal contro] path was determined for 180 
pairs of dietary protein (26% to 42% at incre- 
ments of 2) and crop length (205 to 250 days at 
increments of 5) values, at 2 harvest weights (500 
g and 600 g). Total feed consumed was esti- 
mated by numerically integrating R*(‘)F,. Pre- 
liminary analysis indicated that total feed con- 
sumed and the initial shadow cost can be 
approximated by the function: 


(32) Z=a+ß C +B D +B D? + B,CD, 


where Z represents either o*¥(tọ) or total feed 
consumed (kg/ha), and C represents crop length 
(days). Results for o*(t) can be incorporated 
into the optimal control algorithm to provide an 
initial estimate for a given set of boundary con- 
ditions. The regression results for feed con- 
sumed can be used to approximate the protein/ 
crop-length pair that minimizes cost, thereby re- 
ducing the computational effort involved in 
finding a global minimum. An interative pro- 
cedure can be established, whereby the optimal 
control algorithm is run at smaller intervals in 
the neighborhood of the previous approxima- 
tion. 

After analysis of preliminary results, the op- 
timal control solution was obtained for a finer 
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Table 1. Effects of Crop Length, Dietary 
Protein, and Harvest Weight on Optimal 
Control Results 





Parameter o* (fy) Feed 
nracnacunnna-vern—— (harvest weight} -------------------- 
500g 600g 500g 600g 
X 64.6 375.8 12,089 20,140 
(15.71¥ (1,51) (40.07) (15.09) 
3; 0.027 3.29 ~1.34 15.70 
(1.63) (3.26) (1.10) (2.91) 
B, —3.]7 —38.43 ~411.22 —875.87 
(23.58) (4.79) (41.67) (20.37) 
B3 0.055 0.98 5.58 14.91 
(51.86) (16.04) (71.28) (45.78) 
Ba —0.0026 —0.12 —0.10 —0.85 
(5.52) (4.12) (2.90) (5.47 
R 0.98 0.81 0.99 0.98 
N 128 122 128 122 


Note: estimated coefficients for equation (32). 
* The absolute value of ratios are shown in parertheses. 


grid of static decision variables, with ty ranging 
trom 228 to 254 at two-day increments, and D 
ranging from 31% to 39% at 0.5 increments, 
and for harvest weights of 500 and 600 grams. 
Final regression results for equation (32) are 
presented in table 1. All the coefficients are sig- 
nificantly different from zero (P < 0.05), ex- 
cept a for the shadow cost at 600 grams and B, 
tor feed at 500 grams. Both variables are con- 
vex in dietary protein. 

Isoquants were obtained by plotting total feed 
consumed against the corresponding dietary 
protein value for a given crop length (fig. 3). 
Points on these isoquants can be used to find the 
cost-minimizing level of protem for a given price 
situation. The actual distribution of feed through 
the growing season can then be obtained by run- 
ning the optimal control algorithm. Three points 
are worth noting: (a) The shape of the isoquants 
indicates that feed quantity and quality are sub- 
stitutes in production within a certain range. As 
the protein content of the diet increases, the 
amount of feed necessary to obtain a given weight 
decreases almost linearly between 31% and 34% 
protein. This is equivalent to Chavas, Klieben- 
stein, and Crenshaw finding that corn and soy- 
beans are substitutes in swine production. (b) 
As crop length increases, the amount of feed 
needed decreases, implying that feed is more ef- 
ficiently converted into animal tissue by delay- 
ing the marketing date. (c) High dietary protein 
has negative effects on growth of larger fish, as 
indicated by the isoquants for a 600-gram fish 
curving upward. This result is also consistent 
with the findings by Chavas, Kliebenstein, and 
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Figure 3. Feed-protein isoquants derived from optimal control results 


Crenshaw, where optimal dietary protein de- 
creased as pigs grew larger. 


Price Sensitivity 


Feed price was determined by the function 
(33) Pr = 8, + ô, DP, 


where Pp is feed price ($/Kg), and DP is die- 
tary protein content (Kg protein/Kg feed). The 
intercept represents the nonprotein cost of feed. 
Its value will be affected by changes in the costs 
of marketing and processing, as well as by the 
prices of grains (mainly corn) and fats that pro- 
vide dietary energy in catfish feeds. The slope 
of equation (33) represents the protein cost of 
feed. Its value will be affected by the prices of 
soybean and fish meal, the two main sources of 
protein in catfish diets. Both 6, and 6, can be 
represented by a probability density function. 
However, because it is assumed that feed is pur- 
chased in one installment at the beginning of the 
season, these parameters are treated as given. 
The coefficients in equation (33) can be es- 
timated from prices of catfish feeds of different 
protein contents. Alternatively, data can be gen- 
erated for different diets by a least-cost formu- 
lation for a set of ingredient prices. Using the 
latter method, Reutebuch estimated 6, = 0.543; 
ò = 0.112 was algebraically estimated assum- 


ing a cost of $260 per ton for a 32% protein diet 
(Crews and Jensen). 

Table 2 presents the sensitivity of optimal static 
decisions to changes in input prices. Dietary 
protein and crop length that maximize return 
above variable costs (discounted at 12%) are 
shown. Optimal protein ranges between 32% and 
36.5%. For a given set of prices, optimal pro- 
tein values are lower for the higher harvest 
weight. This result suggests the possible benefit 
of allowing diet composition to become a dy- 
namic decision variable. Interest rate has prac- 
tically no effect on optimal protein. Energy price 
has a slight effect on optimal protein, where 
higher prices are associated with higher protein. 
This result is not surprising because the demand 
for energy is related to feed allowance, and higher 
dietary protein requires lower feeding rates (see 
fig. 3). Optimal crop length ranges between 232 
and 252 days. As expected, crop length is neg- 
atively related to interest rate, although the ef- 
fect is small. Feed and energy prices are posi- 
tively related to crop length, indicating that they 
increase pressure to use feed more efficiently 
(i.e., reduce the amount of feed per unit of weight 
gain, see fig. 3). 

Table 3 shows the ratio of profit obtained with 
an optimal control trajectory over that obtained 
with a growth-maximizing strategy (assuming a 
catfish price of $1.43/kg or $0.65/Ib). Profit 
ratios range from 1.02 to 1.27. At base feed 
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Table 2. Sensitivity of Profit-Maximizing 
Solution to Input Price Changes 


Harvest Weight = 500 grams 


Optimal Dietary Optimal Crop Length 

Protein (%) (days) 
Protein price’ — ---------------- Non-Protein Price® ---------------- 
low base high low base high 
low 35.0 35.5 36.5 238 240 242 
base 33.0 34.0 35.0 240 242 244 
high 32.0 33.0 34.0 244 244 246 
Feed price‘ w------------------- Interest Rate’ -----—------------ 
low base high low base high 
low 35.0 35.0 34.5 244 238 232 
base 34.0 34.0 34.0 246 242 240 
high 34.0 34.0 34.0 248 246 244 
-------------------- Energy Price® --—---------------- 
low base high low base high 
low 34.0 35.0 35.0 232 238 240 
base 33.5 34.0 34.5 242 242 244 
high 33.5 34.0 34.0 244 246 246 

Harvest Weight = 600 grams 

Optimal Dietary Optimai Crop Length 

Protein (%) (days) 
Protein price —--------------~-- Non-Protein Price ----------------- 
low base high low base high 
low 34.0 345 35.0 244 246 248 
base 33.0 34.0 34.0 246 250 250 
high 32.5 33.0 33.5 250 248 252 
Feed price wan nee -- Interest Rate -------------------- 
low base high low base high 
low 34.0 34.0 34.0 248 244 240 
base 34.0 34.0 340 250 250 246 
high 33.5 33:5 33.5 252 252 2560 
wenn nena nnn Energy Price -------~------------- 
low base high low base high 
low 33.5 34.0 34.5 242 244 246 
base 33.5 34.0 34.0 246 250 250 
high 33.5 33.5 34.0 250 252 250 


Note: Low and high represent the base price times 0.5 and 1.5, respectively. 
2 The value af 82 in equation (33), base = $0.543. 

> The value cf 8; in equation (33), base = $0,112. 

€ A proportiozal change in A and B. 

4 Base = 0.12/year. 

° Base = $0.955/kW hr. 


Table 3. Ratio of Profit Obtained with an 
Optimal Control Strategy as Compared to a 
Profit Maximization Strategy 


Harvest Weight = 500g Harvest Weight = 600g 


Protein price’  ----—-------—- Non-Protein Price’ -—------------ 
low base high low base high 

low’ 106 1.09 1.14 1.02 1.03 1.05 
base 1.09 1.14 1.19 1.03 1.05 1.06 


high 1.12 1.18 1.27 1.04 1.06 1.09 


Note: Assume a catfish price of $1.43/kilogram. 

a The value cf & in equation (33), base = 0.543. 

© The value cf 8; in equation (33), base = 0.112. 

© Law and high represent the base price times 0.5 and 1.5, respectively. 
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prices, profit can be increased by 14% and 5%, 
respectively, for 500-gram and 600-gram fish 
ty following an optimal trajectory. 


Concluding Comments 


An optimal control formulation of the decision 
problem about catfish feeding under aquacul- 
tural conditions yields several insights useful for 
defining more effective production regimes. The 
key findings are summarized as follows: 

(a) In contrast to current industry practices, 
the optimal control solution suggests fish should 
be “starved” during periods in which water tem- 
peratures are high. Reducing feed intake during 
the hot summer months improves the efficiency 
of feed conversion without impairing fish health. 
Further, restricting the diet helps maintain water 
quality and may reduce the incidence of off-fla- 
vor. 

(b) The cost-minimizing feed trajectory dif- 
fers from the growth-maximizing trajectory, both 
in terms of total quantity of feed and feeding 
pattern. At a farm price of $0.65 per pound profit 
can be increased by as much as 27% (depending 
on feed prices) by following an optimal trajec- 
tory as compared to growth maximization. The 
differences suggest significant profit advantages 
to producers who pursue economic rather than 
biological optima. 

(c) The differences between biological and 

conomic optima lessen as the harvest weight of 
the fish increases. Thus, the allocative error 
arising from feeding the fish to satiation (as would 
be required for growth maximation) may be- 
come less important if processors prefer larger 
fish (over 600 grams liveweight). Currently pro- 
cessors favor 340 to 568-gram fish (Jensen). 

(d) Optimal dietary protein ranges from 32% 
to 36.5%, depending on nutrient prices. The 
current industry standard is 32% protein (Keenum 
and Waldrop), and it is not changed in response 
to price changes. Isoquant analysis suggests that 
benefits can be attained by allowing dietary pro- 
tein to change during the growing season. 

(e) At base interest rates (12%), the optimum 
harvest date for 500-gram fish ranges from 238 
to 246 days after stocking. Optimum harvest date 
for a 600-gram fish ranges from 244 to 252 days. 
As feed price increases, optimal crop length in- 
creases, reflecting the pressure to improve feed 
conversion efficiency by feeding at a reduced 
rate over a longer time period. 

(f) Further development of the model pre- 
sented here can produce valuable management 
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aids for fish producers. Additional research is 
needed concerning the effects of population 
density and dissolved oxygen on fish appetite 
and metabolism. Such information would per- 
mit stocking density and aeration rate to be treated 
as decision variables. 


[Received October 1989; final revision 
received March 1990.] 
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arm Production Decisions Under 
Cross and Conservation Compliance 


Dana L. Hoag and Herb A. Holloway 


| e success of soil conservation compliance (CC) hinges on participation in commodity 
programs. sing mixed integer programming, the profitability of participation in 


commodity programs was examined on seventeen surveyed North Carolina farms. 
Without CC, cross compliance in commodity programs increased projected soil erosion 
by over 80% when participation increased from 30% to nearly 90%. With CC, erosion 
fell by two-thirds at the high participation level but decreased by only 1% with low 
participation. Individual farm acreage base and crop yield strong’y affected the 
profitability of CC. Compliance is increasingly profitable on farms with more base 


acreage and higher yields. 


Key words: conservation compliance, cross compliance, North Carolina, soil erosion. 


Congress passed several programs in the 1985 
Food Security Act to reduce soil erosion on U.S. 
cropland (Glaser, Ervin). One program, conser- 
vation compliance (CC), requires producers to 
have a plan for applying appropriate conserva- 
tion measures on highly erodible land. Produc- 
ers without such a plan are ineligible for most 
government farm program benefits (e.g., defi- 
ciency payments and commodity loans). The 
conservation plan must be developed by 1990 
and fully implemented by 1995. A related pro- 
gram, conservation reserve, offers annual rental 
payments and cost sharing for removing highly 
erodible lands from production for ten years. 

While CC may be effective in removing com- 
modity program incentives to use erosive farm- 
ing methods, its impact on soil erosion is lim- 
ited to program participants. The effectiveness 
of the conservation reserve is also limited be- 
cause only farmers in conservation compliance 
may collect rental payments. 

One of the factors influencing the effective- 
ness of conservation compliance in reducing soil 
erosion is the costs of implementing a conser- 
vation plan relative to commodity program ben- 
efits. The net impact of CC on participation costs 
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will be highly site-specific depending on soil type, 
climate, historical production, current acreage 
base, and other farm-level characteristics. These 
variables and others determine whether CC raises 
or lowers program participation and, hence, how 
it affects soil erosion. 

Soil erosion may increase where CC leads to 
lower participation rates in farm programs. Ba- 
tie and Sappington found that the majority of 
farmers in a Tennessee watershed would not find 
it srofitable to comply with a hypothetical cross- 
compliance program. Therefore, erosion might 
increase if the program were imposed. How- 
ever, erosion levels could fall if cropping re- 
strictions imposed by commodity programs have 
led to the production of erosive crops. Produc- 
ers who no longer participate in farm programs 
may turn to less erosive crops. 

The objective of this analysis is to determine 
how farm-level variables such as acreage base 
and average yield affect the impact of conser- 
vation compliance on farm profits. Key factors 
influencing participation were determined by 
comparing optimal net returns with and without 
commodity programs on seventeen North Car- 
olina farms. Mixed integer programming (MIP) 
was used to optimize program participation-crop 
mix decisions. Perry et al. demonstrated the 
usefulness of MIP in modeling farm programs 
but did not examine conservation compliance. 

Other researchers have examined the conser- 
valion reserve program (Reichelderfer and Bog- 
gess, Young and Osborn, Hertel and Preckel) 
and conservation compliance (Barbarika and 
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Dicks, Huang, Richardson et al.). However, the 
methodology used here reveals how farm char- 
acteristics such as program base and land pro- 
ductivity affect. compliance incentives with de- 
tail not possible in a macrolevel analysis 
(Barbarika and Dicks, Huang) and with variety 
not possible in a case-farm or composite-farm 
analysis (Richardson et al., Wollenhaupt and 
Blase). Batie and Sappington examined the im- 
pacts of only a hypothetical cross-compliance 
program on Tennessee farms and did not iden- 
tify the impacts of farm characteristics or dis- 
tinguish between commodity program cross- 
compliance and conservation compliance. 

The magnitude of CC’s impact on crop pro- 
duction or soil erosion in the United States is 
not estimated here. Nevertheless, this study shows 
how certain farm characteristics may alter the 
effectiveness of CC in preventing soil erosion, 
thus indicating what it will accomplish. This study 
also shows how conservation compliance can fail 
to completely remove or out-compete continued 
incentives from commodity programs to use 
erosive farming systems. 


Conservation Legislation 


The conservation reserve program (CRP) pro- 
vides annual rental payments for ten years on 
highly erodible land retired from production. 
Producers also receive 50% cost sharing to es- 
tablish a vegetative cover. Acres entered into CRP 
reduce a farm’s cropland base by the ratio of 
CRP to all cropland on the farm. Crop base is 
used to determine commodity program benefits. 

The conservation compliance provision re- 
vokes eligibility for U.S. Department of Agri- 
culture (USDA) farm program benefits to any- 
one producing an “agricultural commodity” on 
“highly erodible land” without an approved 
conservation plan. These benefits include price 
and income supports, disaster payments, crop 
insurance, Farmers Home Administration loans, 
Commodity Credit Corporation storage bene- 
fits, farm storage facility loans, and other pro- 
grams under which payments are made for com- 
modities produced by the farmer. 

Highly erodible land is defined as having an 
erodibility index (EI) greater than or equal to 
eight (EI = RKLS/T = 8). The tolerance level 
T is the erosion level thought to maintain crop- 
land productivity. The RKLS factors measure 
the vulnerability of soil to erosion, as described 
in the univeral soil loss equation, based on rain- 
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fall (R), erodibility (K), slope length (Z), and 
slope gradient (S) (Wishmeier and Smith). 

A producer with highly erodible land can ob- 
tain a conservation plan that will allow him to 
continue receiving program benefits by request- 
ing one from the Soil Conservation Service 
(SCS). To facilitate the implementation of con- 
servation compliance, the SCS developed stan- 
dardized Alternative Conservation Systems 
(ACS). These systems are designed to meet 
conservation compliance requirements without 
extensive field visits (Ervin, Johnson and Clark). 
Landowners may select an ACS, which may 
differ by county and by soil capability subclass, | 
or they can develop a customized plan with the 
assistance of SCS personnel. 

The ACS establishes an allowable erosion 
guideline. A customized plan can be any com- 
bination of practices that reduces annual erosion 
rates to a comparable level provided by any of 
the ACS’s. The customized plan must have a 
“CP” product less than or equal to the highest 
CP product of any of the pre-approved alter- 
native conservation systems. The C (cover man- 
agement) and P (supporting practice) factors 
measure the erosiveness of a particular system. 
When combined with the erodibility of the land, 
RKLS, the CP product indicates the erosion rate 
of a given system on a given soil.: 


Production Under Commodity and 
Conservation Programs 


In the absence of government programs, net re- 
turns equal crop sales minus production costs. 
Commodity programs complicate production 
decisions through price and income supports and 
with cross-compliance cropping restrictions and 
temporary acreage set-aside requirements 
(Glaser). Under cross compliance, producers who 
receive program payments cannot produce pro- 
gram crops such as wheat or com on more than 
their allotted base less an acreage set-aside. Base 
is the historical acres planted to a crop and set- 
aside is base acreage with no crop production 
for one year. Only nonprogram crops such as 
soybeans, hay, and sunflowers can be produced 
on more land than a producer’s base. Therefore, 
the commodity programs effectively restrict crop 
production on both base and nonbase acreage. 
A producer incurs at least two kinds of op- 
portunity costs when using commodity pro- 
grams. First, cropping restrictions may force 
production of less profitable crops on nonbase 
acres. Second, a temporary set-aside often is re- 
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uired in which no production is allowed. In re- 

urn, the farmer effectively receives a guaran- 
eed income for crops on his base acres equal to 
us farm or county’s program yield times a tar- 
zet price (table 1). 

The influence of program requirements on crop 
nix and other farm decisions can make produc- 
ion decisions complex (Perry et al.). However, 
‘onservation compliance and the conservation 
eserve make production decisions even more 
‘omplicated. Conservation reserve adds rental 
vayments, reduces base acreage and subjects a 
rower to a penalty if he fails to comply with 
‘onservation compliance over the ten-year pe- 
iod. To reduce erosion, CC adds new restric- 
ions on crop type and production technology to 
hose already imposed by cross compliance. 
‘urthermore, conservation structures may be re- 
juired and transactions costs are increased be- 
‘ause a conservation plan must be filed. This 
idded complexity increases the chance that con- 
licting production signals will be offered by cross 
‘compliance and CC. 


Che Model 


\ mixed integer programming model was used 
o determine optimal participation and cropping 


olutions for seventeen case study farms in Stanly . 


-ounty, North Carolina. A simplified version of 
he MIP tableau is given in table 2. The tableau 
epresents a single farm unit as recorded by the 
stanly County Agricultural Stabilization and 
-onservation Service (ASCS). Some farmers 
yperate multiple farm units, but each is treated 
IS a Single entity by ASCS. Each farm has a 


Cable 1. Price and Program Assumptions 
or the Average and Forecasted Model Sce- 
1arios 


Static Forecasted 
Scenario’ Scenario 

Zorn market price $2.60/bu. $2.23/bu. 
Zorn target price 2.84 2.75 
Zorn set-aside 10% 10% 
Wheat market price 3.57 3.26 
Wheat target price 4.10 4.00 
Wheat set-aside 10% 5% 
Jat market price 2.20 1.83 
Dat target price 1.49 1.44 
Jat set-aside 10% 10% 
soybean market price 6.85 6.22 


Static scenario sets all variables equal to the 1988 levels, and the 
yrecasted scenario is based on FAPRI forecasts. 
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historical program acreage base in corn, wheat, 
or other crops. 

Participants’ farms have established program 
yields for each crop on which payments are made 
or they use a county average yield. The program 
yield is assumed equal to the average crop yield 
on the study farm for this analysis. Yield esti- 
mates by field were based on the distribution of 
soil mapping units by field and their relative 
productivity. 

The model maximizes net returns to land, risk, 
and management for a single year by selecting 
the most profitable combination of cropping 
systems on each field on each farm while meet- 
ing appropriate constraints (table 2). A zero-one 
conservation compliance activity switches the 
CC program and commodity program con- 
straints on and off. MIP can be used to solve 


_ endogenously for optimal cropping decisions 


when choices involve binary constraints. In this 
case, cropping decisions affect CC, which turns 
eresion and cross-compliance constraints as well 
as deficiency payment program benefits on or 
off. 

The tableau in table 2 is divided into an ob- 
jective row, blocks of constraint rows, and col- 
urns of input and output activities. Constraint 
blocks are defined for land use, commodity pro- 
grams, soil erosion, equipment use, and returns 
from crop sales and CRP rent. The activities in- 
clude conservation compliance (0 for compli- 
ance, 1 for noncompliance), specialized equip- 
ment use (integer), crop production, crop sales, 
CRP rents, and deficiency payments. Produc- 
tion is delineated by field because each has a 
unique productivity and susceptibility to soil 
erosion. For simplicity, only one piece of equip- 
ment, two crops, and two fields are depicted in 
tatle 2. 

in the objective row (1), the costs of equip- 
ment use are added to annual operating costs of 
all crops on all fields and to the annual cost per 
acre of land enrolled in the Conservation Re- 
serve Program (CRP). Returns include crop sales 
fram all fields, CRP rental payments, and de- 
ficiency payments. 

Production is constrained in row 2 such that 
all crops on all fields plus CRP acreage does not 
exceed available cropland. Rows 3 and 4 assure 
that the production on any field does not exceed 
its acreage. Rows 2, 3, and 4 will contain slack 
if the farmer is in conservation compliance be- 
cause some land will be set aside. However, these 
constraints are binding when the producer does 
not comply or participate in commodity pro- 
grams. 
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Commodity program and CRP constraints are 
defined in the commodity program block, rows 
5—8. If a producer is participating in commodity 
programs and therefore in CC, column 1 is set 
to zero and row 5 requires that the deficiency 
payments are not paid on more acres than the 
base, less set-aside and CRP adjustments, al- 
lows. However, if a farmer does not participate, 
column 1 is set to 1 and constraint 5 would not 
allow the mode] to select any positive amount 
of crops with deficiency payments or CRP. 

In row 5, CRP acreage reduces available base 
at a rate equal to CRP/(total cropland acres) as 
required by law. Base is reduced through the 
CRP rent column as the program enters CRP 
acres. For example, 100 acres of CRP on a 400- 
acre farm with 100 acres of corn base would 
reduce the base by 25% (100/400) to 75 acres. 
Program crops consume base at a rate of 1/(1 
— SA), where SA is the annual set-aside require- 
ment ranging from 0 to 1.0. Each acre of pro- 
gram crop would utilize 1.25 acres of base with 
a 20% set-aside (1/(1 — .20)); therefore, 60 acres 
of corn would require 75 acres of base. Program 
crops are constrained by a producer’s current base 
and restrictions from CRP enrollment. 

The crop and CRP base acreage reductions are 
contained in a single constraint. Base swapping 
is allowed among program crops to meet con- 
servation compliance (ASCS). Therefore, only 
the total base, equal to all crop bases less CRP 
reductions, is constrained. 

Row 6 assures that available cropland is not 
exceeded when a producer participates in the 
programs. If a producer does not participate, the 
compliance variable becomes 1, which when 
multiplied by the large negative number (—M), 
relaxes the constraint. Rows 7 and 8 require that 
an acre of production, with its associated costs, 
be brought into production for each acre of de- 
ficiency payment earned. 

The erosion block is controlled by the con- 
servation compliance integer variable. It is non- 
binding when a producer does not wish to re- 
ceive deficiency payments or enroll land in CRP. 
When the constraint is binding, the CP factor of 
a crop system is limited to the maximum al- 
lowed by CC on the field where the crop is pro- 
duced. Erosive systems that are not permitted 
on highly erodible fields are excluded by as- 
signing them an arbitrarily large number, m, in 
the erosion block. For example, cropping sys- 
tem 2 is not allowed on field 1 and thus an m 
is entered in row 9. However, the same system 
is allowed on field 2 because the field is not 
highly erodible and erosion is not constrained. 
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Similarly, CRP is allowed on field 1 but not on 
field 2 because field 2 is not highly erodible. 
In the intermediate run, equipment ownership 


costs are variable. Therefore, the cost of spe- 
clalized equipment that changes between crop- 
ping systems was added into the tableau. Equip- 
ment was allowed to enter only in whole units. 
Therefore, each piece of equipment was more 
costly if it was not used to its full capacity. A 
unit of equipment relaxes the equipment con- 
straint by the number of hours it can be used in 
a single year, U. Each acre of crop consumes 
these hours at a specific rate, H. When the con- 
straint is binding, another whole unit of equip- 
ment is needed to allow more production. 

In the final block, CRP acres are transferred 
into rent and yield is transferred from the field 
to sales activities. Yields were allowed to vary 
by field for each crop based on the soil types 
within the field. 


A Case Study 


A case study in Stanly County, North Carolina, 
is used to examine the impact of CC and com- 
modity programs on net returns and soil ero- 
sion. The net returns to program participation 
with and without CC and under two levels of 
program benefits and price expectations were 
compared across seventeen actual farms. Net re- 
turns were optimized using mixed integer pro- 
gramming (MIP) for each farm. 

This study is micro-oriented because returns 
are maximized on individual farms with a unique 
base acreage, soil productivity, number of fields, 
and size of operation. The most profitable com- 
bination of crops, production technology, and 
participation is solved field by field for each farm. 
However, the study also provides information 
about the broader impacts of CC by comparing 
the results of the seventeen farms to determine 
which characteristics influenced the participa- 
tion decision, soil erosion, and net returns. 


Data and Assumptions 


The seventeen sample farms were selected from 
a randomly drawn data set for the Piedmont re- 
gion of North Carolina. Stanly county is one of 
three counties drawn by lot. Each county had a 
probability of being selected equal to its relative 
share of corn production to all counties being 
considered in the region. Thirty-six farms were 
selected from those that had corn base recorded 
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in the Stanly county ASCS files. Samples were 
chosen randomly in four farm-size categories: 
20—50 acres, 51—100 acres, 101—250 acres, and 
more than 250 acres. No effort was made to 
identify additional farms operated by the pro- 
ducer listed; thus, each farm number was treated 
as an independent entity. The final seventeen 
farms chosen reflected a variety of base, farm 
size, and soil productivity (table 4). 

ASCS field maps were compared with soil 
survey maps made by the Soil Conservation 
Service (SCS) to determine the proportions of 
various soil types in each field. These estimates 
were combined with yield and erosion infor- 
mation to compute weighted average yields and 
erodibility for each field. Of 133 fields on the 
seventeen sample farms, 18% were highly ero- 
dible, 79% were potentially highly erodible. Only 
3% were slightly erodible. SCS in North Car- 
olina considers all potentially highly erodible soils 
highly erodible unless contested by the pro- 
ducer; then a field visit to measure slope is re- 
quired. Therefore, the majority of fields in Stanly 
County are classified as highly erodible. 

The Stanly County SCS provides farmers with 
a list of five alternative conservation systems 
(ACS) from which to choose (table 3). Farmers 
are free to choose from the list or to develop a 
customized system with a CP factor less than 
ACS’s maximum CP factor. Stanly County does 
not offer any conservation structures such as ter- 
racing under any of their ACSs. However, a 
farmer could choose such a system if it reduces 
erosion by as much as the most erosive ACSs. 

Enterprise budgets were developed for the 
ACSs and for commonly used systems that would 
not qualify under CC. Net profitability of a sys- 
tem equaled gross production returns less the 
variable production costs. Yields varied by field 
according to soil type. Production cosis did not 
vary by field. 

Farmers who participate in CC are required 
to establish and maintain permanent vegetative 
cover on all “critical areas” (determined by SCS). 
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Critical areas are draws or other areas wher 
concentrated water flow increases the risk of soi 
erosion. They account for an estimated 6% of 
typical field in North Carolina (B. Brock, No 
Carolina SCS, personal communication 1988). 

Commodity prices and program provision 
used in the MIP model were taken from th 
FAPRI Review (Food and Agriculture Polic 
Research Institute). Two scenarios were used 
(a) a static scenario, where expected commodi 
prices, target prices, and set-aside requirements 
equal current levels; and (b) a forecasted sce- 
nario, where commodity prices, target prices, 
and set-aside requirements are equal to an av- 
erage of the 1989/90 through 1994/95 FAPRI 
predicted prices (table 1). 

Farmers are free to reallocate their existing 
acreage bases among most program crops (ex- 
cept cotton) on a one-time basis to meet the re- 
quirements of a conservation plan. For example, 
a corn base of 100 acres could be traded for 50 
acres of wheat base and 50 acres of corn base. 
The 1988 bases for the seventeen North Caro- 
lina farms ranged from 32% to 100% (table 4). 

Deficiency payments and CRP rental pay- 
ments were the only government benefits con- 
sidered. It is difficult to value other program 
benefits and these other benefits are little used 
in Stanly County. For example, in 1988, only 
one farmer used federal crop insurance; only five 
farmers bought crop insurance in 1989 (follow- 
ing a drought). The Farmers Home Administra- 
tion issues only about five production loans an- 
nually. 


Results 


The MIP model optimizes returns for each farm 
under the following scenarios which have been 
designed to compare the impacts of cross and 
conservation compliance with various price and 
program scenarios: (a) static prices and pro- 
grams without conservation compliance, (b) static 


Table 3. Stanly County Alternative Conservation Systems 


Number Soils Year 1 Year 2 CP-Factor* 
1 GeB, GfB2, HeB CC-CSG NTSB 0.182 
2 all others NTC-CSG NTSB 0.129 
3 al] others NTC NTSB 0.175 
4 ali others NTSB-CSG NTSB 0.140 
5 all others CC-NTSG NTSB 0.162 


* The CP-factor was computed by the North Carolina State Office of SCS, and CC is conventional tillage corn /grain sorghum; CSG, 
conventional tillage small grain; NTSB, no-tillage soybeans; NTC, no-tillage corn /grain sorghum; NTSG, no-tillage small grain. 
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Table 4. Farm Base, Average Corn Yield, and Net Returns with and without Conservation 
Compliance Under Static and Forecasted Expectations 


SL LN a A i AA i 


Sample 


Farm No. 


Oo ~1aA OA BR U N m 


Percent 
Base 


Avg. Corn 


Yield 
(bu /ac) 


86.2 
90.0 
83.5 


Net Farm Returns to Management, Land, and Risk? 


Static Expectations 


Commodity + Cons. Comp 


3661 
7114 
41018 
6376 
28950 
11135 
1704 
24691 
6591 
1805 
5611 
2313 
2521" 
5738" 
20038" 
1776° 
7198° 


Forecasted Expectations 


Commodity + Cons. Comp 


3661 2391 2391 
7114 5295 5295 
41018 27613" 26735 
6376 4528” 4407 
28950 21599" 20648 
11135 7407" 6781 
1704 1260° 1114 
24591 20319" 17410 
6591 5534" 4847 
1805 1456° 1202° 
5611 4532° 3915° 
2313 1764° 1667 
2494 2179° 1780° 
4987” 4831° 4070° 
18567 18126° 16402” 
1513° 1525" 1248° 
7044” 6102" 5240° 


* Returns are also to equipment ownership that did not vary with system choices. 


P Participated in commodity programs. 


prices and programs with conservation compli- 
ance, (c) forecast prices and programs without 
conservation compliance, (d) forecast prices and 
programs with conservation compliance. 


Participation and Net Returns 


Program participation and net returns for each 
farm under each scenario are shown in table 4 
and table 5. The farms are ordered in table 4 on 
the basis of increasing proportions of base acreage 
to total crop acreage. Participation is more prof- 
itable as base increases under all four scenarios 


but is relatively less profitable with CC. Farms 
14, 16, and 17, which have a relatively large 
share of program base, profit from participation 
under all four scenarios, and farms 1 and 2, which 
have very little base acreage, are always better 
off not to participate. The profitability of par- 
ticipation on the other farms is affected by the 
scenario under which the model is run; that is, 
whether price and program benefit expectations 
are high or low. 

Farms that have a high ratio of base to non- 
base acreage have relatively more benefits to 
protect than other farms but face similar costs 
to adopt conservation technology since all highly 


Table 5. Effect of Conservation Compliance on Net Returns, Commodity Program Pay- 
ments, and Erosion on All Seventeen Stanly County Farms 











Use Commodity Soil 
Programs" Net Returns Commodity Program Erosion 
Scenario (No. Farms) ($) Payments ($) (CP-factor) 
Static w/o cc 5 178,050 6,954 210 
Static w/cc 3 175,668 2,896 207 
% change —40 cg GR 58.4 —1.4 
Forecasted w/o cc 15 136,288 45,154 381 
Forecasted w/cc 7 125,010 31,050 135 
% change =o “R3 sok —64.6% 


è Number among the seventeen farms participating in commodity program. 


Hoag and Holloway 


erodible fields on the farm must have a conser- 
vation plan. In addition, farms with a high av- 
erage yield have more program benefits to pro- 
tect. Therefore, farm losses stemming from CC, 
equal to net returns before CC minus net returns 
after CC, were regressed on the relative farm 
base (FB) and corn yield (CY). The results yielded 
a strong relationship as follows: 


NR = —32.47 + 0.17(FB) + 0.32(CY), 
e (5.66) (4.00) 


where NR is the difference in net returns, before 
and after CC, the terms in parentheses are t-val- 
ues, FB is base/(crop acreage), and CY is the 
bushels of corn yield per acre; R? is 0.76. There 
is a positive relationship between both average 
yields and the proportion of base with the net 
farm losses stemming from CC. Producers pos- 
sessing relatively small amounts of base can 
minimize losses from CC by discontinuing par- 
ticipation in commodity programs. However, 
those farmers with larger bases stand to lose more 
from CC either by sacrificing more program 
benefits if they do not comply or by adopting 
the necessary conservation measures. Farms al- 
ready not participating did not realize any change 
in net returns (table 4). The overall effect on net 
returns for all seventeen farmers was an average 
reduction of 1.3% with static expectations and 
8.3% with forecasted expectations (table 5). 

Farmers’ expectations about prices and pro- 
gram benefits influence program participation. 
Without conservation compliance, five farms 
(29%) maximized profits by participating in 
commodity programs under the static scenario, 
whereas fifteen farms (88%) maximized profits 
with program participation in the forecast sce- 
nario (table 5). The difference can be attributed 
to higher deficiency payments for all crops, a 
lower wheat set-aside rate, and a lower market 
price for oats under the forecasted scenario. 

Under conservation compliance, participation 
in commodity programs is reduced in both sce- 
narios, from 29% to 18% (5 to 3) and 88% to 
41% (15 to 7) in the static and forecast scenar- 
ios, respectively (table 5). The lower commod- 
ity prices in the forecast scenario increase the 
benefits and lower the costs of conservation 
compliance. Therefore, program participation is 
higher under that scenario with or without con- 
servation compliance. 

Overall, deficiency payments to all seventeen 
farms were six to ten times higher under the 
forecast scenario compared to those under the 
static scenario (table 5). CC reduced deficiency 
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payments by 58% in the static scenario and 31% 
in the forecast scenario. 

Fifteen of seventeen farms participated in 
commodity programs under the forecast sce- 
nario without CC, and four of these had some 
CRP acreage (Holloway). Conservation com- 
pliance caused eight of these farms to discon- 
tinue participation in the commodity programs. 
Six of these eight placed or increased acreage: 
in CRP. The other two participated neither in 
CRP nor in commodity programs. Farms plac- 
ing acreage in CRP must meet CC requirements 
on all of their fields, even though some no longer 
participate in commodity programs. For some of 
these farms, it was more profitable to take land 
out of production and put it into CRP than to 
plant it to a conservation crop. For others, it was 
more profitable to expand acreage beyond that 
allowed by their base, thus disqualifying them 
for commodity benefits (cross compliance) but 
allowing them to retain CRP benefits if crops 
produced on other fields were not erosive. 


Soil Erosion 


Soil erosion is affected indirectly on base and 
nonbase land through cross-compliance restric- 
tions on cropping alternatives. For example, corn 
is a highly profitable crop that can be produced 
on base, and soybeans is the most profitable crop 
allowed on nonbase land. However, corn and 
soybeans can be highly erosive compared to 
wheat or wheat doubled cropped with soybeans. 
Therefore, the commodity programs can in- 
crease erosion on base land when com is made 
more profitable than less erosive crops, and they 
can increase erosion on nonbase land by sub- 
stituting erosive soybeans for small grains. 

In Stanly County, the commodity programs 
increased soil erosion as described above. The 
forecast scenario provided greater program ben- 
efits than the static scenario and led to greater 
participation and soil erosion. As shown in table 
5, without CC the total level of soil erosion on 
all seventeen farms was more than 80% higher 
under the forecast scenario than under the static 
scenario (381 compared to 210). The partici- 
pation rate in commodity programs was about 
three times higher (15 compared to 5). How- 
ever, because more farmers participated in com- 
modity programs under the forecast scenario, CC 
was much more effective in reducing erosion 
(64.6% compared to 1.4%). 

The potential of cross compliance to increase 
erosion is highly site specific. In a Missouri 
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study, for example, the most profitable crop, with 
or without programs, was found to be soybeans. 
Therefore, commodity programs would not nec- 
essarily encourage additional erosion on non- 
program lands because continuous soybeans 
would have been produced anyway (Wollen- 
haupt and Blase). 


Concluding Comments 


One of the factors influencing participation 
in future commodity programs is the cost of 
conservation compliance (CC) compared to the 
benefits of the commodity programs. Of the 
seventeen North Carolina farms reviewed, par- 
ticipation dropped by as much as half when con- 
servation compliance was required. Actual sign- 
up rates for conservation plans have been high 
(Brock). These plans, however, require no im- 
mediate action and yet enable farmers to partic- 
ipate in the commodity program through 1995. 
Therefore, they may not accurately reflect ac- 
tual intentions. 

This analysis indicated that acreage base and 
soil productivity will have a substantial impact 
on program compliance. Farms with relatively 
little base acreage and relatively low yields likely 
will find it more costly to participate in com- 
modity programs under CC than to quit using 
the programs altogether. Because all highly er- 
odible fields need conservation plans, these farms 
have relatively less benefits to protect but face 
similar costs to comply. 


The impacts of two program restrictions, cross - 


compliance and CC, were examined. Cross 
compliance tended to increase soil erosion by 
restricting program crops to base acres. This 
forced Iarmers to produce more erodible and less 
profitable crops on nonbase acres. In Stanly 
County, continuously tilled soybeans were the 
most profitable crop allowed on non-base land 
and were more erosive and less profitable than 
soybeans double cropped with wheat. Double 
cropped wheat and soybeans requires base, 
1owever. Cross compliance increased erosion 
3y over 80% when participation increased from 
about 30% of farms to almost 90% under the 
static and forecast scenarios, respectively. Con- 
servation compliance more than offset the in- 
crease, however. 

Across all farms examined, net farm income 
‘ell by 1% to 8% under CC depending on price 
and program expectations. Commodity program 
sayments fell by 31% to 58%. Conservation 
>ompliance incentives to reduce soil erosion 
>ompeted with the erosion-inducing effects of 
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cross compliance. Soil erosion declined by only 
1% in the static price and program expectations 
scenario because commodity programs were not 
sufficiently attractive to induce producers to adopt 
needed conservation measures. A larger decline 
of 64% occurred in the forecast scenario be- 
cause benefits were more attractive and there- 
fore compliance remained stronger. 

These results demonstrate how firm-level 
studies can provide insight that national studies 
may miss. Often the information gathered about 
the expected impact of a policy in aggregate 
analyses will not provide as much detail about 
individual farm impacts as models of the firm 
can reveal. Policy makers may find additional 
information similar to that provided here useful 
in dealing with individuals who are dispropor- 
tionately affected by a given policy. 


[Received August 1989; final revision received 
April 1990.] 
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Measuring the Economic Efficiency 
of Producing Rural Road Services 


Steven C. Deller and Carl H. Nelson 


The research reported here examines the ability of a sample o? Midwest township 
officials to produce low-volume rural road services in an economically efficient manner. 
Farrell-type measures of input use and scale efficiency are reported. Results suggest that 
over 50% of costs may be unnecessarily incurred because of input use inefficiency. 
Correlation between output measures and the efficiency measures suggests that larger 
jurisdictions are more efficient than smaller jurisdictions. In addition, 84.5% of the 
townships exhibit technology characterized by increasing returns to scale. These results 
suggest that jurisdictional consolidation of production-related responsibilities may yield 


substantial cost savings. 


Key words: managerial efficiency, rural governments. 


The efficient allocation of resources by local 
government remains an important issue, espe- 
cially given the small scale of operation inherent 
to many rural governments. At issue is the abil- 
ity of local public officials to control costs in 
the face of shrinking revenue sources. The re- 
search reported in this article provides some em- 
pirical evidence on the economic efficiency of 
a sample of small rural governments in the Mid- 
west (illinois, Minnesota, and Wisconsin) vested 
with rural road responsibilities.’ Farrell-type 
measures of efficiency are computed for man- 
agerial and scale efficiency in order to test the 
ability of local public officials to provide rural 
road services in a least cost fashion. 

The paper contains six sections. The first sec- 
tion describes managerial and scale efficiency 
within a public setting. The concepts of effi- 
ciency reference sets and efficiency measure- 
ment are then discussed. The network of low- 
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! The sample is limited to three states to preserve homogeneity 
in institutional arrangements and topography. 


volume rural roads is then described, followed 
by the empirical results. The concluding section 
considers the study’s policy implications. 


Efficiency within a Public Setting 


One view of local government maintains that the 
small-scale operation is inherently inefficient and 
costly (Chicoine and Walzer 1985, Bish and Os- 
rom). Arguments are made that the physical 
consolidation of small government units would 
increase production efficiency, thus better uti- 
lizing available resources (Baumel and Schorn- 
norst, Mercier). The consolidation argument 
traditionally hinges on scale economies in pro- 
duction. Indeed, empirical tests have generally 
indicated that scale economies are present in the 
production of public goods and services (Doek- 
sen and Peterson, Fox). 

A complementary argument addresses the 
ability of small, particularly rural, governments 
to develop an effective service provision pro- 
gram (Cigler; Reid 1984, 1986; Reid and Sul- 
livan; Sokolow). The managerial capacity of 
smaller units of government to effectively per- 
form functions is questioned. Managerial inef- 
ficiencies, if present, incur additional costs and 
2xacerbate potential fiscal constraints. While the 
proponenis of consolidation appeal to the no- 
tions of poor managerial skills and size econ- 
omies, arguments about managerial efficiency 
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are limited to logical speculation (Sullivan and 
Reid).” 

This study evaluates the efficiency of local 
governments by employing the tools of modern 
production economics and efficiency measure- 
ment. The Farrell method requires a normative 
criterion (€.g., cost minimization or profit max- 
imization) to judge individual observations. In- 
dividual observations are then compared to these 
normative efficient reference sets. Measures of 
efficiency then can be correlated with relevant 
policy-related variables. Of particular interest in 
this study is the relationship between township 
size and efficiency. 

The traditional consolidation literature has al- 
most exclusively examined technical relation- 
ships between governmental organization and the 
supply of public goods. Because demand con- 
siderations are ignored, the traditional empirical 
work supporting governmental consolidation may 
not be sufficient. This research is concerned 
solely with the examination of efficient produc- 
tion of local public goods. The vital distinction 
between provision and production must be 
maintained when addressing policy consider- 
ations. 


The Structure of Economic Efficiency 


To compute the managerial and scale measures 
of efficiency, a technical definition of the effi- 
cient reference sets must be established. Scale 
efficiency refers to the location of the observed 
input combination relative to the scale efficient 
output level associated with constant returns to 
scale.” Fare, Grosskopf, and Lovell (FGL) sug- 
gest that one measure of scale efficiency com- 
pares the distance between the boundary of the 
input requirement set for the given observations 
and the boundary of the input requirement set 
associated with constant returns to scale. 

To calculate this measure FGL suggest the 


? The presence of scale economies does not imply the presence 
of managerial inefficiencies, i.e., capacity shortfalls. The tradi- 
tional test for scale economies implicitly assumes away the capacity 
issue because no estimate is made of the resources wasted or costs 
incurred because of poor management practices. If costs are in- 
creased as a result of managerial shortfalls, the traditional empirical 
tests for scale economies may be capturing capacity-induced costs 
and incorrectly attributing them to scale economies. 

? The use of output levels associated with constant retums to scale 
as a reference set is consistent with the traditional consolidation 
literature which searches for the minimum of the long-run average 
cost curve. 
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construction of two functions which map inputs 
and outputs onto the real number line: 


(1) F(y,x) = min {à E R,|Ax E V(y)}, and 
(2) Wy, x) = minà E€ R,|Ax E V(y)}. 


Here y E€ RẸ represents a vector of outputs, x 
€ R} represents a vector of inputs, V(y) rep- 
resents the subset of all input vectors which yield 
at least y, and V°(y) is the input requirement set 
under constant returns to scale.* The functions 
give the maximum amount by which an input 
vector can be radially decreased without altering 
the given output level. The difference between 
the two functions is the structure imposed on 
technology: the function F(y, x) is constructed 
on an unrestricted technology whereas W(y, x) 
is constructed on a technology exhibiting con- 
stant returns to scale. 

The measure of scale efficiency is the dis- 
tance between the boundary of V(y) and V“(y), 
or 


(3) S(y, x) = Wy, x) F(Y, x). 


If S(y, x) = 1, the unrestricted technology is 
identical to the constant-returns-to-scale tech- 
nology, and the combination (y, x) is scale ef- 
ficient. If S(y, x) < 1, then the technology 
yielding F(y, x) has characteristics different from 
the technology yielding W(y, x), and the com- 
bination is scale inefficient. Note that SCy, x) > 
1 because V“(y) being a subset of V(y) implies 
Wy, x) = F(y, x). 

To construct a measure of managerial effi- 
ciency, information 1s required about the goals 
of local public officials. Given an Inman view 
of local governments, a reasonable normative 
criterion is cost minimization.” 

The cost-minimizing set of input vectors at 
input prices w, where prices are strictly posi- 
tive, and outputs y is defined as 


(4) CM(y, w) = {x E V(y)|w'x = Cy, w}, 


* The input correspondence is assumed to satisfy the following 
axioms (Shepard): (a) impossibility of free production; (b) the input 
correspondence is bounded for any x; (c) inputs are strongly dis- 
posable (monotonicity); (d) V(y) is closed; and (e) strong dispos- 
ability of outputs. See Fare, Grosskopf, and Lovell for measures 
of efficiency under alternative assumptions. 

> Inman’s view of local governments may be modeled as a two- 
step process. The first step corresponds to provisionary decisions 
(demand or public choice), while the second step refers to produc- 
tion related decisions. Given that most local officials operate in the 
second step, a reasonable criterion may be to produce the demanded 
level of the public good at the lowest possible costs, i.e., cost min- 
imization. 
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where the cost function C(y, w) is defined as 
(5) C(y, w) = 


If an input combination x yielding output level 
y is not in the cost-minimizing reference set, it 
is considered managerially inefficient. 

Farrell suggests that a natural measure of 
managerial efficiency is the ratio of minimum 
and observed costs: 


(6) OCy, x, w) 


If O(y, x, w) = 1, then the observed input com- 
bination is consistent with cost minimization and 
the observation is managerially efficient. If O(y, 
x, w) < 1, then the observed input combination 
is inconsistent with cost minimization. 


min, {w'xlx E V(y)}. 


= C(y, w)/w'x. 


Empirical Methods 


Following Farrell, Shephard, Afriat, and FGL, 
a nonparametric representation of the relevant 
efficient reference sets is employed in this re- 
search. An alternative approach relies on statis- 
tical methods to estimate a parametric represen- 
tation of the relevant set (Førsund, Lovell, and 
Schmidt). The nonparametric method is em- 
ployed because of its handling of multiple out- 
puts and its computational ease relative to the 
parametric method. 

Mathematical programming methods con- 
struct a piece-wise linear reference technology 
from a sample of observations. Allow M to de- 
note the matrix of observed outputs and N the 
matrix of observed inputs. Assuming that the 
axioms on technology hold, the reference tech- 
nology can be expressed as 


(1) Viy)= eM =y, zN <x, 


FER IER 


where the vector z = (z,, ..., z,) denotes the 
input utilization rate, or intensity level, k is the 
number of observations, and m is the number of 
outputs. 

Afriat, Koopmans, and later Grosskopf have 
shown that alternative structures can be placed 
on technology by imposing various restrictions 
on the vector of intensity parameters. Specifi- 
cally, by requiring z; to be non-negative, as in 
(7), constant returns to scale is imposed. [Thus, 
for notational consistency, V(y) in (7) should be 
expressed as V°(y)]. By imposing 2,z; = 1 and 
zER*, increasing, decreasing, or constant re- 
turns are allowed; and imposing the restrictions 
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Zz; S 1 and z E RÝ limits technology to non- 
:ncreasing returns to scale. 

The computation of the scale efficiency mea- 
sure requires solution of (1) and (2), or the so- 
lution of the linear programming problems 


(8) Fly, x) = min, {AZM =y; zN < Ax; 
2z; = 1; z; = 0}, and 
(9) Wy, x) = min, {AlzM = y; 


ZN = Ax;z; = 0} 


ror each observation. The ratio of the solutions 
to the LPs (3) provides a scale efficiency mea- 
sure for each observation. 

Computation of managerial efficiency re- 
quires the solution to (4) and (5), or the solution 
to the linear programming problem 
(10) Cy, w)= min#,(w'x*|2M = y; 

gN=x*,; 2,2;= 1; z 20) 
for each observation. By construction, the so- 
lution to (10) is the minimum cost of producing 
output y at prices w, C(y, w), and O(y, x, w) 
= Cy, w)/w’x. 

The measure of managerial efficiency can be 
interpreted as a percentage cost reduction that 
could be achieved. This is because the cost of 
employing the observed input combination, x, 
given factor prices, w, is w'x, the cost of em- 
ploying the cost-minimizing combination is C(y, 
w), and by construction, C(y, w) = Aw’x. Thus, 
A is the percentage of actual cost at which the 
observed output could have been produced. 
Conversely, one minus A is the percentage re- 
duction in costs that could be achieved by elim- 
inating managerial inefficiency. A similar ar- 
gument applies to scale efficiency. 

Sources of managerial efficiency gains will be 
investigated by comparing radial and nonradial 
measures of technical efficiency. The radial 
technical efficiency measure is the solution to 


min,, A, 
subject to 
zM =y 20 
zN — àx s0 
2jz;- 1 =0 
A z0 j=1,...,k, 
A & [0I]: 
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The nonradial technical efficiency measure is the 
solution to 


MIN, Al, An > a/S 5(x;), 
i=] i=] 


subject to 
zM—-y =0 
zN — AOx = 0 
2z; —1 =0 
Z; =O j=Hl,...,k 
A; © [0, 1] i= 1,...,N, 


where ô(x;) is equal to one if x; > 0, zero oth- 
erwise, and © denotes component-wise multi- 
cation of the A and x vectors. 

The radial measure constructs a reference iso- 
quant and shrinks the observed input level, x, 
along a rav from the origin, until it touches the 
isoquant. The nonradial measure constructs a 
reference isoquant and shrinks the observed in- 
put level x by reducing each component of x as 
much as possible while remaining on the iso- 
quant. These measures are significantly differ- 
ent when the reference isoquant has segments 
that are parallel to one of the coordinate axes, 
as in the case of Leontief technologies. The ra- 
dial measure simply shrinks observations until 
they lie on such an isoquant. The nonradial 
measure shrinks observations until they reach the 
corner of Leontief-type isoquants. Examining 
each computed À; yields insight into the sources 
of inefficiency. 


Low-Volume Rural Roads 


Low-volume rural roads are the responsibility of 
township and/or county governments. In sev- 
eral midwestern states, townships provide and 
maintain the basic road network, while counties 
are responsible for a network of overlapping 
higher service routes. In the United States, ap- 
proximately 14,400 towns and townships are re- 
sponsible, on average, for thirty-eight miles of 
low-volume roads (Chicoine, Walzer, and 
Deller). The typical county, however, is re- 
sponsible for ten times the mileage. The smal. 
scale of operation at the township level provides 
the motivation for considering jurisdictional 
consolidation for low-volume rural roads. 

Five studies have examined scale economies 


‘states (illinois, 
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in producing road services. Swanson studied the 
costs of providing low-volume township road 
services in Illinois. Lamb and Pine studied scale 
economies of rural road services in Kansas, while 
Lesher and Mapp examined costs of producing 
county road services in New York. More re- 
cently, Deller, Chicoine, and Walzer and Chi- 
coine, Deller, and Walzer examined cost struc- 
tures of low-volume rural road services in the 
Midwest. Each found some evidence of scale 
economies in the production process. While each 
study has specific limitations, none considered 
managerial efficiency. 

Scale efficiency measures calculated under an 
incorrect assumption of managerial efficiency 
will be biased because the two types of effi- 
ciency are confounded. If input use is ineffi- 
cient, then unbiased measurement of size effi- 
ciency requires that managerial inefficiency be 
removed from the data. 

The data used for this study are from a mail 
survey of township officials in three midwestern 
Minnesota, and Wisconsin) 
(Chicoine and Walzer 1984). The sample con- 
tains 295 rural jurisdictions from Illinois, 127 
rural Wisconsin jurisdictions, and 24 rural Min- 
nesota jurisdictions, for a total sample size of 
446 independent observations. 

A representative township in the three-state 
area is responsible for 49.2 miles of road; the 
largest township has 126 miles of road, and the 
smallest only four miles. The distribution of road 
surface types reflects the rural environment: 
46.9% of total milage is gravel, 39.8% is low 
bituminous, and 13.3% is high bituminous.° The 
economic difference of surface types is evident 
from maintenance costs: a mile of gravel road 
requires approximately $1,890 annually, while 
a mile of high bituminous requires $4,889 an- 
nually (Walzer and Chicoine). To allow for the 
heterogenous nature of low-volume rural roads, 
a multiple output model is specified where out- 
put is the miles of gravel, low, and high bitu- 
minous roads. 

Following Deller, Chicoine, and Walzer and 
Chicoine, Deller, and Walzer, four inputs are 
used in the production of low-volume rural roads: 
labor, road graders, single-axle trucks, and sur- 
facing material. The labor input is the number 
of full-time-equivalent employees. Graders and 
trucks are measured by number employed. The 


material input is composed of the amount of sur- 


é Bituminous roads are constructed with crushed rock and oil. 
High bituminous roads are a higher service level and are generally 
more durable than low bituminous roads. 
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facing material purchased by the township on an 
annual basis. All input levels are observed di- 
rectly from the mail survey. 

Prices for each input are available from sev- 
eral sources. The price of labor came from the 
mail survey and is measured as an average an- 
nual salary. Prices for the two capital items were 
based on a fixed proportion of replacement cost. 
Replacement costs for these items were deter- 
mined first by depreciating new equipment prices 
to reflect the age of the equipment owned by the 
township. Then, proxies of capital prices were 
assumed to equal a fixed proportion of the de- 
preciated values based on schedules of average 
annual equipment expenses. The price of a unit 
of surfacing material is based on engineering es- 
timates of material requirements for resurfacing 
projects. To account for spatial differences, the 
capital and material prices were adjusted using 
regional cost-of-living indexes.’ 


Empirical Results 


Calculation of the scale, cost, and technical ef- 
ficiency measures described above required the 
solution of four sets of 446 linear programming 
problems: one set to calculate F(y, x), one to 
calculate W(y, x), one to calculate the nonradial 
measure [VR(y, x)] and a final set to calculate 
C(y, x). For spatial considerations, townships 
were grcuped by mileage, and subsample means 
of the two measures of efficiency are reported 
for each mileage category. 

Turning first to managerial efficiency, the 
typical township contained in this sample ex- 
hibits a low degree of managerial efficiency (O(y, 
x, w) = .3488) (table 1). Only eleven townships 
were identified as perfectly efficient in input use 
[i.e., OCy, x, w) = 1.000]. Only minor varia- 
tion occurred across the state-grouped subsam- 
ples, but significant variation occurred across 
size-grouped subsamples. The Farrell method 


? For more detail on input prices see Deller, Chicoine, and Wal- 
zer; Chicoine, Deller, and Walzer. 

® Following Varian, a simple nonparametric pretest of the data 
identified eleven townships as cost rational. Five of the eleven 
townships identified by the Varian pretest were identified as input 
use efficient using the Farrell approach. 

These observations may constitute outliers in the data. To test 
the sensitiv-ty of the computed measure of overall efficiency, these 
eleven observations were removed from the sample. The recom- 
puted measure of overall efficiency for the typical township in- 
creased to .4745. A simple test of sample means suggests that this 
increase may be significant (F = 22.38). However, the basic policy 
conclusion remained unaltered. 
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suggests that the typical township may signifi- 
cantly reduce operating costs if cost minimiza- 
tion is achieved. 

Insight into the potential cost reductions is 
provided by the two measures of technical ef- 
ficiency reported in table 2. Based on a com- 
puted F-statistic (F = 3.95), there appears to be 
a significant difference between the radial and 
nonradial measures of technical efficiency in the 
case of rural roads (table 2). In every case, this 
difference was caused by the nonradial measure 
shrinking labor usage more than the radial mea- 
sure. 

Because capital items are typically expected 
to be used in fixed proportions, it was surprising 
to find that the radial-nonradial difference is al- 
ways caused by the labor variable. That is, the 
reference isoquant is parallel to the labor axis, 
and the nonradial measure always shrinks labor 
usage more than the radial measure. 

The radial-nonradial difference is small at large 
mileages and large at small mileages. This sug- 
gests that smaller townships employ too much 
labor to provide road maintenance services, while 
larger townships do not. Differences in the qual- 
ity of labor or tasks assigned to employees do 
not contradict this result because the averaging 
of townships over size categories should “av- 
erage out” heterogeneity in quality and/or job 
assignments. Similarly, this result is not weak- 
ened by possible problems in the measurement 
of input prices because neither measure of tech- 
nical efficiency is dependent on price data. Thus, 
the evidence is strong and robust that smaller 
tcwnships may experience cost inefficiencies 
because of excessive labor, while larger town- 
ships (i.e., more than 75 miles of road) do not 
employ excess labor, on average. 

Turning to scale efficiency, the typical town- 
ship contained in this sample was identified by 
the Farrell method as scale inefficient [S(y, x) 
= .6912] ‘table 3). Based on these computa- 
tions, 53 townships (11.9% of the total sample) 
were scale efficient and 16 townships (3.6% of 
the sample) exhibited decreasing returns to scale. 
The remaining 377 townships (84.5% of ‘the 
sample) exhibited increasing returns to scale, and 


-smaller townships were more scale inefficient 


than larger townships. These measures of scale 
efficiency suggest that jurisdictional boundaries 
that limit the scale of production may increase 
operation costs unnecessarily. 

While the evidence provided by the efficiency 
measures suggests that larger road jurisdictions 
may be more cost effective, the statistical sig- 
nificance of the difference in efficiencies has not 


Deller and Nelson 


Table 1. Nonparametric Measure of Managerial Efficiency 
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Town Grouping by 
Mileage Range Illinois Minnesota Wisconsin Three States 
0-25 .2648 .3851 .2335 .2732 
o (.14)* (.43) (.08) (.18) 
n 20 4 7 31 
26—50 .2680 53329 .3264 2997 
(.16) (.27) (.19) (.19) 
160 14 68 242 
51-75 .3707 .3307 .3568 .3654 
(.17) (.18) (.18) (.18) 
107 6 42 155 
76—100 .6375 -5896 .6215 
(.26) (.19) (.24) 
18 9 27 
100+ .7031 1.0000 9152 
(.42) (.00) (.22) 
2 5 7 
Total -3267 A577 .3795 .3488 
(.20) (.29) (.23) (.22) 
295 24 127 446 
^ Number in parentheses is the standard deviation of the mean followed by the number of townships in each category. 
Table 2. Measures of Technical Efficiency 
Town Grouping by Mileage 
0-25 26-50 51-75 76—100 100+ Total 
F(y, x)(radial) 1.0000 .9738 9687 9785 1.0000 .9749 
a (.00)° (.11) (.12) (.07) (.00) (11) 
n at 242 155 7 7 446 
NR(y, x)(onradial) 3438 4183 5578 .7780 .8579 4857 
o (.06) (.15) {.18) {.20) (.19) (.20) 
n 31 242 15 7 
* Number in parentheses is the standard deviation of the mean followed by the number of town ships in each category. 
Table 3. Nonparametric Measure of Scale Efficiency 
Town Grouping by 
Mileage Range Illinois Minnesota Wisconsin Three States 
0-25 4243 .4526 .4442 4325 
o (.23)* (.27) (.26) (.24) 
n 20 4 7 31 
26-50 -6254 .7293 .6478 .6377 
(.17) (.24) (.19) (.18) 
160 14 68 242 
51-75 .7912 .7848 .7654 . 7840 
(.13) (.17) (.16) (.14) 
107 6 42 155 
76—100 9246 .9010 9167 
(.12) (.11) (.11) 
18 9 27 
100+ 9352 .8296 .8598 
(.09) (.24) (.21) 
2 5 7 
Total .6860 .6971 -7021 .6912 
(.20) (.25) (.21) (.20) 
295 24 127 


3 Number in parentheses is the standard deviation of the mean followed by the number of townships in each category. 
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Table 4. Statistical Tests of Equality across Mileage Ranges 


Anova Wilcoxon 
F x 
(Prob > F) (Prob > x’) 
OCy, x, w) 35.07 74.43 
(Managerial) (.0001)* (.0001) 
SCY, xX) 51.60 136.44 
(Scale) (.0001) (.0001) 
Fy, x) 0.65 3.79 
(Radial) (.6237) (.4350) 
NR(y, x) 3.95 29.45 
(Nonradial) (.0007) (.0001) 


* Number in parentheses is the marginal significance level. 


been established. A test of subsample mean 
equivalence (F-test), a nonparametric test of 
central tendency (median test), and several non- 
parametric tests which compare the distribution 
(Wilcoxon, van der Waerden, and Savage tests) 
of the measures across the subsamples were 
conducted. The results of these tests, reported 
in table 4, indicate significant differences across 
all mileages, except for the radial measure of 
technical efficiency. The strong positive rela- 
tionship between size and overall efficiency 
supports the reform traditionalist hypothesis that 
larger townships are more efficient. 

The impact of combining two average size 
townships can be examined using simple regres- 
sion analysis. Based on the regression equations 
reported in table 5, a typical township with 23.1 
miles of gravel roads, 19.6 miles of low bitu- 
minous roads, and 6.5 miles of high bituminous 
roads, has an expected overall managerial effi- 
ciency of .3608. If the production responsibili- 


Table 5. Regression Estimates of Mileage 
onto the Nonparametric Measures of Effi- 
ciency 


Dependent Variable 


OCy, x, w) SCy, x) 
(Managerial) (Scale) 
Gravel miJes 00513 .00539 
(.001)* (.0005) 
Low bituminous miles .00372 .00641 
(.001) (.601) 
High bituminous miles .00846 .00743 
(.001) (.001) 
Constant .10217 .39240 
(.026) (.023) 
F 48.22 66.05 
R .2466 .3095 





a Number in parentheses is the standard error of the estimate. 


van der 
Median Waerden Savage 
y x 
(Prob > x”) (Prob > x) (Prob > x’) 
45.72 84.74 116.49 
(.0001) (.0001) (.0001) 
109.75 142.37 92.60 
(.0001) (.0001) (.0001) 
0.00 3.20 3.92 
(1.000) (.5248) (.4163 
21.55 38.31 14.32 
(.0015) (.0001) (.0263) 


ties of two such townships were combined, the 
expected level of overall input use efficiency i: 
.6184, an increase of nearly 42%. The positive 
Statistical relationship between road mileage anc 
managerial and scale efficiency further support: 
the increased efficiency of larger townships ir 
producing road services. 


Concluding Comments 


The empirical evidence from a sample of mid- 
western townships suggests that larger town- 
ships are more efficient than smaller townships. 
In particular, smaller townships appear to em- 
ploy an excess amount of labor. Efficiency mea- 
surement shows that over 50% of costs may be 
unnecessarily incurred by the typical smalle: 
township because of managerial inefficiency. Ir 
acdition, only 11.9% of the sample of town- 
ships were identified as scale efficient (1.e., ex- 
hibiting constant returns to scale), and 84.5% of 
the sample exhibited increasing returns to scale. 

The correlation between efficiency and town- 
ship size is strongly positive, and a simple 
regression of output levels on the measures oj 
efficiency suggests that increasing jurisdictiona 
size increases efficiency. These results sugges 
that substantial cost reductions could be realizec 
by restructuring rural road maintenance. 

These results should not necessarily be usec 
to promote the physical consolidation of smalle; 
jurisdictions into larger, more economically ef 
ficient units because they address only produc- 
tion efficiency. Provisionary impacts of consol. 
idation have not been examined. Therefore, : 
responsible policy prescription supported by these 
results is consolidation of production responsi 
bilities, something considerably short of juris- 
dictional consolidation. 


Deller and Neison 


One means of production consolidation is 
contractual agreements between jurisdictions. 
Smaller units would preserve provisionary au- 
thority in arranging the terms of any agreement, 
but production responsibilities would belong to 
a larger, more efficient unit. Alternatively, 
smaller units may cooperate in contracting a pri- 
vate firm to produce the public good. Or, an 
engineer may be jointly hired by a union of local 
units to perform production related activities us- 
ing public resources. Arrangements for more ef- 
ficient allocation of rural road maintenance la- 
bor should be investigated because current 
allocation is highly inefficient. 


[Received June 1989; final revision received 
March 1990.] 
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selection bias. 


The objective of this paper is to assess the di- 
etary effects of the Food Stamp Program (FSP). 
Despite a substantial literature on the food ex- 
penditure and dietary effects of the FSP, em- 
pirical results reported in the various studies dif- 
fer. The study addresses the extent to which the 
FSP raises the quality of diets of participating 
households.’ A related question is the marginal 
effect of food stamp benefits on diet quality. That 
is, what are the dietary effects of an additional 
dollar of benefits, and do coupon benefits affect 
diet quality more than equivalent cash income? 


' Model 


It is assumed the household chooses from J foods 
QO,j=1,...,J, and a composite nonfood 
good C. The utility function is 


(1) U (Qi, Qo, -:- , Qj, ©). 
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! The discussion here presumes that one overall measure of 
household diet quality is available, although a variety of dietary 
outcome measures have been used in previous analyses of the FSP. 
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ased on data from the 1979-80 Survey of Food Consumption ir Low-Income 
ouseholds. this paper estimates the effects of changes in cash income and the food 
tamp benefit on household nutrient availability, while controlling for two potential 
ources of selection bias. The major finding of the empirical analysis is that the 
stimated dietary effects of changes in food stamp benefits are ccnsiderably larger than 
ose resulting from changes in cash income, with estimates of the ratios of the MPC 
or the food stamp benefit to the cash-income MPC ranging from three to seven across 
utrients. No significant evidence of selection bias was found, and the estimated dietary 
ffects of food stamp benefits from the selection bias models are similar to those from 
e basic model estimated by ordinary least squares regression. 


ey words: food stamp benefits, marginal propensity to consume, nutrient availability, 


Le: Y be total cash income, excluding food stamp 
benefits; B, the food stamp benefit; and P,, the 
price of food good j relative to the price of C. 
The budget constraint can be written as 


J 


(2) Y+B= > PQ +C. 


j=1ì 


In other words, income plus food stamp benefits 
is spent on the J food goods and nonfood con- 
sumption. 

Maximizing utility subject to the constraint on 
household resources leads to J different demand 
functions for the food goods which can be writ- 
ten in the form: 


(3) QG=f (P, Pa.. P, Y, B), 


Jeda 


Cash income (Y) and food stamp benefits (B) are 
entered separately into the demand functions to’ 
allow for different effects of changes in cash in- 
come and the food stamp benefit levels on food 
consumption. 

To include nutrients in this model, assume that 
there are K nutrients N,,k = 1, ..., XK, and that 
each unit of food good yields ay of nutrient N,. 
Tke K nutrient equations can be written as fol- 
lows: 


J 


(4) M= >, agQ,k=1,...,K. 


j=l 
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Equations (3) and (4) constitute the “true” 
model of the determinants of nutrient levels. An 
increase in income or the food stamp benefit, 
for example, increases the quantity of each food 
good consumed (Q,), though some may fall if 
they are inferior goods. An increase in a food 
good raises the availability of each nutrient in 
household diets, the amount depending upon the 
magnitudes of the a,,’s. 


Econometric Estimation 


The usual approach to estimating the model de- 
picted by equations (3) and (4) is to focus on 
the food good demand functions, (3). Most 
commonly, these individual food-good equa- 
tions are aggregated to a total food expenditure 
equation by multiplying the Q, in each food-good 
equation by its price and adding them up across 
goods. However, an equation for total food ex- 
penditures does not allow the use of equation (4) 
to determine the nutrients from food because there 
is no exact relationship between an increase in 
total food expenditures and an increase in each 
of the nutrients; the relationship depends upon 
the combination of the individual foods embod- 
ied in the rise in food expenditures. 

Another approach to estimating the theoreti- 
cal model has been to estimate relationships be- 
tween nutrient levels and household food ex- 
penditures. This is essentially a recursive model 
in which cash income and the food stamp ben- 
efit are assumed to affect household food ex- 
penditures, and household food expenditures in- 
fluence nutrient availability levels. The effects 
of the FSP, for example, are then traced through 
their impacts on food expenditures which, in turn, 
affect nutrient availability levels. However, this 
approach leads to model specification bias since 
there is no fixed relationship between household 
food expenditures and each nutrient; that is, it 
is generally not possible to use equations (3) and 
(4) to derive equations with nutrient availability 
on the left-hand side and total food expenditures 
on the right. Specifically, the coefficient on to- 
tal food expenditures in a nutrient equation would 
represent only some undetermined combined ef- 
fect of income and food stamps benefits on nu- 
trient levels. 

This specification bias could have serious 
consequences for the estimation of the effect of 
food stamps on nutrient levels. When the food 
stamp benefit is entered separately into foed ex- 
penditure equations, the results of past studies 
suggest that changes in FSP benefit levels have 


. benefit. 
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a stronger effect on food expenditures than d 
changes in the level of money income (Chen, 
Smallwood and Blaylock). It is, therefore, likel 
that increases in food stamp benefits also hav 
different effects on the consumption of individ 
ual food items than do increases in money in- 
come. In this case, the food expenditure coef- 
ficients in the nutrient equations will represen 
biased estimates of the effect of the food stamp 
benefit on nutrient levels, because those coef- 
ficients will only represent average effects of in- 
creases in money income and in the food stamp 


Adding variables for income, for the food 
stamp benefit or FSP participation, or both, to 
the nutrient equations does not reduce the spec- 
ification bias. In fact, the degree of bias prob- 
ably increases because there is no reason for food 
expenditures to remain in the equation after in- 
come and FSP benefit variables are added di- 
rectly.” 


Proposed Estimation Procedure 


Given the problems with estimating the nutrient | 
equations with aggregate food expenditures in 
place of the individual food items, the major is- 
sue is how to estimate the dietary effects of the 
FSP. Because there are hundreds of individual 
food goods and thousands of a,,’s the data do 
not allow the direct estimation of the individual 
food consumption equations. However, substi- 
tuting the individual food demand equations (3) 
into the nutrient equations (4) results in a set of 
reduced-form nutrient equations of the form, 


(5) N, = 8r (Pis Po, ..., Pjs Y, B). 


In the reduced-form equations, nutrient levels 
are related to prices, the food stamp benefit level, 
cash income, and other variables affecting the 
demand for food goods. Recognizing that price 
levels are generally constant for cross-sectional 
data, a linear regression equation of the form 


(6) Ny =a, + BY; + òB; + Xo, + &; 


can be estimated for each nutrient k, where “i” 
denotes household i, Y; is household cash in- 
come, B, is the food stamp benefit, X; is a set 
of other variables thought to affect the demand 


? In addition to these difficulties, entering food expenditures on 


the right-hand side of the nutrient equations in (4) would lead to a 
type of simultaneous-equations bias, as food expenditures are en- 
dogenous. Therefore, the coefficient on food expenditures in a nu- 
trient equation will be biased upwards. 


204 February 1991 


for food goods and, hence, nutrients, and €x is 
an error term. Coefficients B and 6 represent the 
combined effects of (a) the effect of income and 
the food stamp benefit on the demand for food 
goods and (b) the effect of food consumption on 
nutrient levels. The two effects cannot be sep- 
arated out, but this is unnecessary when deter- 
mining the effects of the FSP. The important 
point is that the coefficients correctly capture the 
effects of income and food stamp benefits on 
nutrient availability working through the hundreds 
of individual food goods, even though those in- 
dividual food consumption levels are not used 
in the estimation. 

~ Equation (6) is straightforward and simple to 
estimate using ordinary least squares (OLS) 
regression. It is based on a framework in which 
food consumption decisions depend on income, 
prices, and other factors, and nutrient availabil- 
ity is a byproduct of the food consumption de- 
cisions. 


Data and Empirical Results 


The data used in this report are from the 1979- 
80 Survey of Food Consumption in Low-In- 
come Households (SFC-LI). This survey was 
conducted from November 1979 through March 
1980 using a national probability sample of ap- 
proximately 2,900 low-income housekeeping 
households eligible to receive benefits under the 
FSP.’ Detailed information on household food 
use was collected by the SFC-LI. Household food 
use refers to food and beverages used from 
household food supplies during the seven days 
preceding the interview. Food purchased with 
cash, credit, or food stamps and food that was 
home-produced, received as a gift or payment 
for work, or received through other food pro- 
grams are all included in the measure of house- 
hold food use. In addition to the data on food 
use, information was obtained on household 
characteristics related to food use, such as par- 
ticipation in the FSP, participation in other food 
assistance programs (School Lunch, School 
Breakfast, and WIC), household consumption, 
income, education and employment of the 
household heads, urbanization, and tenancy. 
Data on household food energy and nutrient 
availability are calculated from the quantity of 
each food item used from household food sup- 


3 Housekeeping households contain at least one person having 10 
or more meals from household food supplies during the 7 days pre- 
ceding the interview. 
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plies. Caloric and nutrient contents of each food 
item are obtained from tables of the nutritive 
value of foods. Total household availability of 
food energy and nutrients is derived by sum- 
ming the food energy and nutritive values of the 
individual food items used. Nutritive values per- 
tain to the edible portion of the food used from 
household food supplies, with some adjustments 
for vitamin losses during preparation. 

Household nutrient availability data from the 
SFC-LI are based on food used from household 
food supplies. Nutritive values are not available 
for food eaten away from home. If the number 
of meals eaten away from home differs among 
groups of households, differences in nutrient 
availability will be observed regardless of whether 
or not any differences exist in the nutritive value 
of food used at home. Therefore, an adjustment 
for the proportion of meals eaten at home is 
needed when comparing nutrient availability from 
food used at home by subgroups of low-income 
households. 

Table 1 shows the means of the major vari- 
ables used in the empirical analysis. Eleven ma- 
jor nutrients were examined, and each is scaled 
by the number of equivalent nutrition units in 
the housekold. The number of equivalent nutri- 
tion units (ENUs) is one measure of household 
size and is defined as the number of adult equiv- 
alent males eating meals from household food 
supplies. It adjusts actual household size for both 
the age-sex composition of family members and 
guests and the proportion of meals eaten at home 
during the designated week. The adjustment 
procedure weights each household by (a) the 
nutritional requirements of the member relative 
to the nutritional requirements of an adult male 
aged 23-50, where the nutritional requirements 
are based on the 1980 Recommended Dietary 
Allowances (RDA) for each nutrient, and (b) the 
proportion of meals eaten at home during the 
week. This second part of the weighting scheme 
is necessary for analyses of nutrient availability 
since, as noted above, such nutrient data are based 
only on food used at home. Thus, the ENU ad- 
justment is required not only for the differing 
age-sex compositions of each household but also 
because only food used at home is measured. 

The income variables shown in table 1 are 
scaled by the number of adult male equivalents 
(AME), based on the 1980 RDA for food en- 
ergy.* Cash income is about eight times larger 


4 AME, rather than ENU, is used to scale the independent vari- 
ables in the analysis because household size in equivalent nutrition 
units may be an endogenous variable since it depends on the pro- 
portion of meals eaten at home. 
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Table 1. Means of the Variables Used in the 
Analysis (N = 2,925) 

Variable Mean Value 
Nutrients per ENU per day* 

Food energy (Kcal) 3,988 
Protein (g) 129 
Vitamin A (IU) 11,414 
Vitamin C (mg) 139 
Thiamin (mg) 2.71 
Riboflavin (mg) 3.23 
Vitamin B, (mg) 2.56 
Calcium (mg) 1,000 
Phosporous (mg) 1,710 
Magnesium (mg) 464 
Iron (mg) 16.9 
Income per AME? ($ per week) 

Cash income $47.23 
Food stamp benefit" 5.42 
Food stamp benefit-participants only 10.84 
Subsidy value of school lunches 1.25 
Subsidy value of school breakfasts .17 
Value of home-grown food .53 
Value of gift/pay food .88 
Household characteristics 

FSP participation rate .50 
AME (food energy) 2.63 
Female head .94 
Guest meal per AME .75 
North central .14 
South 67 
West 08 
Spanish 07 
Suburban 15 
Nonmetropolitan .37 
Head of Household 35-59 -35 
Head of Household 60+ .32 
Black .49 


Source: 1979-80 Survey of Food Consumption in Low-Income 
Households, USDA. 

* ENU is equivalent nutrition units, which is the number of equiv- 
alent adult males eating from household food supplies. 

» AME is nember of equivalent adult males in the household. 

° Includes zeros for nonparticipants. 


than the average FSP benefit overall. However, 
the average weekly food stamp benefit per AME 
for participants only is $10.84, which is roughly 
28% of cash income for participating house- 
holds (not shown). © . 

The other variables shown in table 1 indicate 
that, on average, $2.83 per adult male equiva- 
lent per week was from foods received either 
through the school nutrition programs, as gift or 
pay, or from home-grown food. The low-in- 
come sample was divided about evenly between 
FSP participants and nonparticipants, between 
blacks and non-blacks, and by age of the house- 
hold head (<35, 35-59, 60+). In addition, av- 
erage household size was 2.63 adult male equiv- 
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alents, the vast majority of the households had 
a female head present (94%),” and the sample 
was located largely in the South and in rural or 
nonmetropolitan areas. 

Table 2 shows the OLS estimates for each nu- 
trient equation. These findings show that the 
household availability of all nutrients is posi- 
tively associated with both the food stamp ben- 
efit level and money income. The most striking 
result is that the estimated marginal impacts of 
the food stamp benefit consistently and signifi- 
cantly exceed those of cash income. While the 
estimates indicate positive and statistically sig- 
nificant effects on nutrient availability for both 
the food stamp benefit and cash income, the 
coefficient on the money income variable is al- 
ways less than the coefficient on the food stamp 
benefit, indicating smaller marginal effects of 
money income on nutrient availability. 

This point is examined in more detail in table 
3. The first two columns show the “MPCs” (i.e., 
the marginal propensity to “consume” nutrients 
for the food stamp benefit and for cash income). 
The cash income MPCs are evaluated at the mean 
of cash income, and therefore represent the av- 
erage MPC in the sample. As the table indi- 
cates, the MPCs for the food stamp benefit are 
much greater than the cash income MPCs. The 
ratio of the MPC for the food stamp benefit to 
the cash income MPC is never less than 3 and | 
is as high as 7. This large difference is discussed | 
in more detail below. 

To judge the relative size of the estimated di- 
etary effects, the third and fourth columns of 
table 3 show the marginal effects of the food 
stamp benefit and cash income as a percentage 
of the adult male RDA. The percentage effects 
of changes in weekly cash income are quite low, 
ranging from .3% to 1.2% of the adult male 
RDA, while the percentage effects of changes 
in the weekly food stamp benefit are higher, 
ranging from 1.8% to 3.9% of the adult male 
RDA. Interestingly, the percentage effects of 
changes in the food stamp benefit are similar in 
magnitude for most nutrients. That is, nutrient 
availability increases from between 1.8% and 
3.9% of the RDA for a one-dollar increase in 
the food stamp benefit. These findings imply that 
increases in the weekly food stamp benefit are 
generally allocated proportionally among the 
nutrients examined. 

The final two columns in table 3 show the 
estimated total avilability of nutrients (as op- 
posed to marginal changes) attributable to the 


* “Female head present” refers either to households with a female 
head only or to households with both a male and female head. 
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Table 3. Marginal Propensities to Consume Nutrients and Implied Total Effects 


Absolute MPC 


Food Stamp 

Benefit Cash’ 
Food energy (Kcal 52.0 11.0% 
Protein (g) 1.81 36 
Vitamin A (IU) 156 25 
Vitamin C (mg) 1.97 59 
Thiamin (mg) .040 .006 
Riboflavin (mg) 052 O08 
Vitamin B; (mg) .039 .007 
Calcium (mg) 18 4 
Phosphorus (mg) 30 7 
Magnesium (mg) Fal 1.4 
Iron (mg) .387 115 


MPC as a Percentage of 
the Adult Male RDA 


Total Effects" 


Food Stamp Food Stamp 
Benefit Cash* Benefit Cash 
1.9 4 564 530 
a2 6 19 18 
3.1 S 1,691 1,256 
J3 1.0 21 29 
2.9 4 434 328 
3.3 .5 .564 .390 
1.8 3 .423 .336 
2.3 ke 195 187 
3.8 .9 325 336 
2.0 4 77 68 
3.9 1.2 4.195 5.038 


Source: 1979-80 Survey of Food Consumption in Low-Income Households, USDA. 

Notes: Absolute MPC is change in nutrient availability per ENU due to a one-dollar change in income per AME, Percentage MPC is 
absolute MPC divided by 1980 adult male RDA for the particular nutrient. 

* Defined as the level of nutrient availability attributed to food stamp benefits and cash income and calculated by multiplying the estimated 
coefficients by the average value of FSP benefits (for participants only) and cash income per AME. 


food stamp benefit and cash income. These “to- 
tal effects” are calculated by multiplying the es- 
timated coefficents for the food stamp benefit, 
cash income, and cash income squared (all scaled 
by AME) by their respective average values for 
the benefit level and cash income for program 
participants. Except for vitamin C, phospho- 
rous, and iron, the total availability of nutrients 
attributed to FSP benefits is either very close to 
or exceeds the availability of nutrients resulting 
from cash income. 

Returning to table 2, the results indicate pos- 
itive effects on nutrient availability of the sub- 
sidy value of school lunches and school break- 
fasts, although the latter is usually not statistically 
significant. The weekly value of home-grown 
and gift/pay food are also positively and sig- 
nificantly associated with nutrient availability 
and, in fact, the estimated coefficients for these 
two variables are significantly larger than the 
estimated coefficients for both the food stamp 
benefit and cash income variables. The number 
of AMEs in the household lowers nutrient avail- 
ability per ENU. Nutrient patterns vary across 
region as well as by suburban and metropolitan 
residence, the two stratification variables used 
in the survey design. 


Comparison of Results with Previous 
Findings 


The OLS results indicate large and statistically 
significant differences between the estimated 


coefficients of the food stamp benefit and cash 
income in the nutrient availability equations. The 
ratio of the MPC for the food stamp benefit to 
the MPC for cash income ranges from a low of 
3 to a high of 7. The magnitude of these dif- 
ferences prompted us to examine more carefully 
the comparable results from previous studies to 
see if our findings are consistent with those in 
the literature. 

Two studies were selected for comparison 
purposes, a study by Allen and Gadson and one 
by Basiotis et al. These two studies were se- 
lected because (a) both used data sources and 
had dietary outcome variables comparable to 
those used in our analysis, and (b) one had a 
model specification similar to that estimated in 
this study (Allen and Gadson) and the other a 
very different model specification (Basiotis et 
al.).° Because these two studies used different 
model specifications, estimation procedures, and 
units of measurement (weekly versus daily mea- 
sures of nutrient availability), their basic em- 
pirical results were adjusted to make their find- 
ings comparable. Because of the difference in 
model specification, the MPCs for the food stamp 
benefit could not be estimated from the Basiotis 
et al. study, but total impacts of the FSP could 
be. 

The results from our study generally are sim- 


ĉ In particular, the Basiotis et al. study included food expendi- 
tures as an independent variable in the nutrient availability equa- 
tions and included the food stamp benefit as part of the household 
income variable. 
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ilar to those of Allen and Gadson. In particular, 
both studies report higher MPCs for the food 
stamp benefit than for cash income, and the 
magnitudes of the estimated coefficients are 
roughly the same across the two studies (with 
some exceptions). In addition, the estimated 
MPCs for cash income from the Basiotis et al. 
study are comparable in magnitude to those from 
this study. 

However, estimates of the total effects of the 
FSP from this study generally are considerably 
larger than the comparable estimates from the 
Basiotis et al. analysis. This difference likely 
results from a model specification in that study 
in which the household income variable in- 
cluded the food stamp benefit, thus constraining 
the marginal effects of cash income and the food 
stamp benefit to be the same. Because the re- 
sults of our study suggest differential effects of 
cash income and the food stamp benefit on nu- 
trient availability, with larger MPCs for the food 
stamp benefit, the inclusion of the food stamp 
benefit in an overall household income measure 
leads to underestimates of the dietary effects of 
FSP benefits. 


Selection Bias Models 


The NFCS data used in the OLS regressions 
presented above include information on the food 
use of both FSP participants and FSP-eligible 
households not receiving FSP benefits (eligible 
nonparticipants). Because FSP participants are 
a self-selected group of low-income households, 
selection bias may exist if FSP households are 
high or low nutrient availability households to 
begin with, even before participation in the FSP 
and even if they had not participated in the FSP. 
The fact that eligible nonparticipants choose not 
to participate in the FSP suggests that they may 
differ systematically from participants in ways 
that may influence food consumption and, hence, 
nutrient availability. For example, if participat- 
ing households are most in need of food assis- 
tance because of low initial food consumption, 
then OLS estimates of the effects of the food 
stamp benefit are downwardly biased. Con- 
versely, participating households may have 
greater preferences for food than do eligible 
nonparticipants with similar household charac- 
teristics, leading to an upward bias in the OLS 
estimate of the effects of food stamps on nu- 
trient availability. 


Two types of selection bias are considered’ 


here, called Type A and Type B (Bjorklund and 
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Moffitt; and Ranney). The more common type 
of bias, Type A, arises when participants and 
nonparticipants in the FSP have different levels 
of food consumption, holding constant all other 
observed characteristics, even prior to partici- 
pation in the FSP. In this type of selectivity, the 
problem arises because FSP participants and el- 
igible nonparticipants differ, for whatever rea- 
son, in their initial level of food consumption. 
Type B selection bias arises if FSP participants 
and eligible nonparticipants have different mar- 
ginal propensities to consume food (MPC) out 
of income. In this case, participants experience 
an increase in food consumption and nutrient 
availability that is different in magnitude than 
the increase that would be experienced by eli- 
gible nonparticipants if they were to participate. 

The following set of equations represent Type 
A and Type B selection bias in model form: 


(D Ne = a, t+ Bo Yi + xB) Xir + Ey 
(8) P= Z+ yp, 


(10) =0ifP¥<0 


Bu = WiAg + We, 


where P¥ is an index for the “propensity” to 
participate in the FSP, Z; is a set of variables 
that affect that propensity, and P; is a dummy 
variable equal to one if the household actually 
participates in the FSP and zero if not. Equa- 
tions (8)—(9) represent a standard probit model 
for a dummy dependent variable. Included in Z; 
is the potential food stamp benefit and cash in- 
come.’ If the error terms € and v; are corre- 
lated, Type A selection bias occurs. If they are 
positively correlated, OLS estimates of (7) yield 
upwardly biased estimates of the effects of food 
stamp benefits on nutrient availability; if they 
are negatively correlated, the opposite occurs. 
This model has a single income variable, Y + 
yB, where y is the ratio of the MPC for the food 
stamp benefit to the MPC for cash income. The 
coefficient on this income variable, Bw, is the 
MPC for income in general; it has a subscript 
“i” to allow for differences among households. 


7 Specifically, the variables used as predictors of the likelihood 
of participating in the FSP are weekly cash income; potential food 
stamp benefit; race of the househoid head (1 = black, 0 = non- 
black); dummy variables for male head only or a female head only; 
dummy varicbles for the age, education, and employment status of 
the female household head (or male household. head if there is no 
female household head); and a dummy variable for whether the 
household owns its home. 
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Thus, this model allows the MPC out of income 
to differ between FSP participants and eligible 
nonparticipants. As shown in equation (10), the 
MPC for income is assumed to be a function of 
a set of variables denoted by W and by an unob- 
served error term, w;.° Type B selection bias 
arises if the error terms w; and +y; are correlated. 
If they are positively correlated, those house- 
holds who have high MPCs even in the absence 
of the FSP (high w,) are more likely to partici- 
pate in the FSP. 

Models with Type A selection bias and Type 
A and B selection bias were estimated using 
maximum likelihood estimation techniques 
(Maddala). That is, an FSP participation equa- 
tion was estimated jointly with the nutrient 


ê The set of variables assumed to influence the MPC for cash 
income are race, household size in adult-male-equivalent persons, 
number of guest meals eaten from household food supplies, dummy 
variables for the age (<35, 35-59, 60+) of the female household 
head, and dummy variables for whether the household lives in the 
South or in a suburban location. 


Table 4. Results for Selection Bias Models 
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equations, using a maximum likelihood esti- 
mation technique and allowing the error terms 
of the participation and nutrient equations to be 
correlated.” Given the complexity of selection 
bias models, the nutrient equations were esti- 
mated for only five of the nutrients: food en- 
ergy, vitamin A, vitamin B,, calcium, and iron. 
These five nutrients have the lowest average 
availability levels relative to the RDA and the 
lowest percentage meeting the RDA. 

Table 4 shows the results of the important pa- 
rameter estimates of the selection bias models 
for the five dietary components.'° Focusing first 
on the estimates for the Type A only selection 
bias model, the evidence for selection bias is 
weak. Of the five estimates of the cross-equa- 


? With Type B selection bias, the individual-specific MPC is also 
assumed to be distributed normally and correlated with the error 
term in the nutrient equation. 

10 The full set of results: is available upon request from the au- 
thors. 





Food Energy Vitamin A Vitamin Bẹ Calcium Iron 
MPC: Food stamp benefit 
OLS estimate 52 156 -039 18 .387 
Type A selection bias 59 197 .046 14 .471 
Type A and B selection bias* 57 175 .052 13 .365 
MPC: cash income” 
OLS estimate I1 25 .007 4 .115 
Type A selection bias 12 26 .007 4 .122 
Type A and B selection bias 
FSP participants 17 50 .009 6 .188- 
Eligible nonparticipants 18 55 .009 5 188 
Ratio of food stamp benefit to cash-income MPC 
OLS estimate 4.73 6.24 5.57 4.50 3:37 
Type A selection bias 4.92 7.58 6.57 3.50 3.86 
Type A and B selection bias Jl 3.39 5.77 2.43 1.97 
Cross-equation correlation coefficient, Type A‘ — 041 ~ 051 ~ 069° .047 — .062 
(standard error in parentheses) (.034) (.035) (.035) (.034) (.035) 
Cross-equation correlation coefficients, Type A 
and B (standard error in parentheses) 
Correlation coefficient 1° = 022 = OTI —.126 .059 —.010 
(.085) (.096) (.081) (.084) (.073) 
Correlation coefficient 2' —.022 072 .047 .016 —.011 
(.116) (.146) (.167) (.122) (.089) 


Source: 1979-80 Survey of Food Consumption in Low-Income Households, USDA. 
Note: Full set of FIML results are available upon request from the authors. 


* Evaluated at mean MPC for FSP participants. 
» Evaluated at mean cash income per AME. 


° Correlation between error terms in nutrient equation and FSP participation equation. 


å Significant at the .05 level. 


° Correlationn between error terms in nutrient equation and FSP participation equation. 
f Correlation between error terms in MPC equation and FSP participation equation. 
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tion correlation coefficients, only one is statis- 
tically significant (vitamin B,), and that esti- 
mated correlation coefficient is not large. With 
the exception of calcium, the sign of the cor- 
relation coefficients is always negative, imply- 
ing that FSP participants would have lower nu- 
trient availability levels than nonparticipants in 
the absence of the FSP. As a result, for the four 
nutrients with negative cross-equation correla- 
tion estimates, the estimates of the MPCs for the 
food stamp benefit and the ratio of the food stamp 
benefit to cash-income MPC from the selection 
bias model exceed the OLS estimates. Despite 
the general lack of significance of the cross-cor- 
relation coefficients, the percentage change in 
the MPCs for the food stamp benefit from the 
OLS and selection bias models range from 14% 
for food energy to 26% for vitamin A. 

Table 4 also presents the estimates from the 
Type A and Type B selection bias models. The 
correlation parameters are all statistically insig- 
nificant. The correlation parameters between the 
nutrient and FSP participation equations are, as 
before, generally negative (except calcium), but 
now are often smaller and less significant. The 
second type of correlation parameters are some- 
times positive and sometimes negative, and are 
always low in statistical significance (much lower 
than those for Type A). As a result, the esti- 
mated MPCs for the food stamp benefit and for 
cash income from the selection bias models are 
quite similar to the OLS estimates. In addition, 
the OLS finding that the MPC for the food stamp 
benefit is significantly larger than the cash-in- 
come MPC persists with the Type A and B se- 
lection bias model. 


Summary and Conclusions 


The major finding of the empirical analysis is 
that the estimated dietary effects of changes in 
FSP benefits are considerably larger than those 
resulting from changes in cash income. While 
both the food stamp benefit and cash income have 
signficant positive effects on nutrient availabil- 
ity, the estimated effects of changes in the food 
stamp benefit on nutrient levels consistently ex- 
ceed the estimated effects of changes in cash in- 
come. The ratios of the MPC for the food stamp 
benefit to the cash-income MPC are consistently 
and significantly greater than one. The OLS es- 
timates of these ratios range from 3 to 7, and 
the estimates from the selection bias models for 
selected nutrients range from roughly 2 to 7. 
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These large differences between the estimated 
effects of food stamp benefit levels and cash in- 
come on nutrient availability are generally con- 
trary to the implications of theoretical household 
expenditure models (Southworth, Senauer and 
Young), and it is important to determine if these 
differences truly reflect the relative efficiency of 
coupon versus cash benefits in enhancing the 
quality of diets of participating households. To 
do this, two econometric models of selection bias 
were estimated for this study. Type A selection 
bias tests whether households with different ini- 
tial levels of nutrient availability are more or less 
likely to be FSP participants; Type B selection 
bias tests whether the change in nutrient avail- 
ability per dollar of cash income is greater or 
smaller for FSP participants relative to eligible 
nonparticipants. The results of the selection bias 
models show little evidence of either type of se- 
lection bias. Moreover, the estimated dietary ef- 
fects of the food stamp benefit and cash income 
from the selection bias models are very similar 
to those from the basic model estimated by OLS 
regression. This absence of significant selection 
bias is an important finding; it suggests that un- 
derlying differences in either preferences for food 
or food demand functions between FSP partic- 
ipants and nonparticipants cannot account for the 
large and statistically significant differences be- 
tween the effects of food stamps and cash in- 
come on household nutrient availability. 


[Received August 1989; final revision received 
February 1990.] 
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Demand for Food Fats and Oils: The 
Role of Demographic Variables and 
Government Donations 


Brian W. Gould, Thomas L. Cox, and Federico Perali 


A systems model of U.S. food fats and oils demand is estimated using quarterly time- 
series data for the period 1962—87. Demographic scaling is used to incorporate 
demographic variables and per capita government butter donations. In addition to price, 
income, and demographic demand elasticities, dietary fat intake elasticities are 
calculated for each of the demographic characteristics included in the study. All of the 
five own-price elasticities are statistically significant, as are fifteen of the twenty cross- 
price elasticities. Fourteen of the fifteen demographic elasticities are statistically 


significant. 


Key words: AIDS, demand system, demographic scaling, nutr-ent elasticities. 


Increased public concern with fat consumption, 
especially saturated fat and blood cholesterol 
levels, is evidenced by the 1988 report of the 
Surgeon General (U.S. Department of Health and 
Human Services). Over the 1962-85 period, to- 
tal dietary fat consumption increased from 143 
grams per day to 169 grams per day, an 18% 
increase. Over this same period, the per capita 
consumption of saturated fat remained relatively 
constant (58-60 grams/day), while polyunsatu- 
rated fat consumption increased from 22 to 33 
grams per day (i.e., a 50% increase) and mono- 
unsaturated fat consumption increased from 59 
to 68 grams per day (i.e., a 15% increase, Raper 
and Marston). 

Red meats and food fats and oils are the two 
major sources of dietary fat. Both total and un- 
saturated fat intake from food fats and oils has 
increased relative to the fat obtained from red 
meat sources. This increase reflects the in- 
creased consumption of poultry and fish ‘in place 
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of red meats, the increased consumption of food 
fats and oils, and the fat characteristics of these 
foods. Over the 1957—59 period, 40.9% and 
54.5% of total dietary and polyunsaturated fat, 
respectively, were obtained from food fats and 
oils. These contributions increased to 47.2% and 
68.2% by 1985 (Raper and Marston). 

Figure 1 shows U.S. per capita disappearance 
of the five food fats and oils included in this 
study: butter, margarine, vegetable shortenings, 
salad and cooking oils, and lard. Steady in- 
creases in the consumption of vegetable short- 
enings, salad and cooking oils, lower consump- 
tion levels of animal-based fats and oils (i.e., 
putter and lard), and relatively constant mar- 
garine disappearance are shown. 

The relative changes in the consumption of 
these food fats and oils raises questions about 
the causes. In this study a demand system is used 
to identify and measure the impacts of such fac- 
tors. The specific objectives are threefold: (a) to 
incorporate a set of demographic variables into 
a demand systems model in a manner which 
avoids the shortcomings of previous efforts; (b) 
to examine how the per capita demand for food 
fats and oils is affected by a changing demo- 
graphic profile (age, education, racial compo- 
sition) and government butter donations; and (c) 
to examine how the dietary intake of total, sat- 
urated, and unsaturated fat has been affected by 
changes in the demographic profile of the U.S. 
population. 


Copyright 1991 American Agricultural Economics Association 
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Figure 1. Per capita disappearance of food 
fats and oils, 1962—87 


Description of the Demand System 


Food choices are affected by demographic, so- 
cial, and economic factors. In the model devel- 
oped here, we hypothesize that the U.S. con- 
sumption of food fats and oils is determined by 
relative prices and tastes and preferences which, 
in turn, are reflected by socioeconomic vari- 
ables. A set of demographic variables is incor- 
porated into a demand system in which the de- 
mand for fats and oils is separable from the 
demand for other foods. That is, the consumer 
first decides on the level of fat and oils expen- 
diture and then allocates these expenditures be- 
tween the various food fats and oils sources based 
on relative prices and demographic character- 
istics. 

Demographic characteristics can be modeled 
in several ways. The use of equivalence scales 
is one method; however, with this approach de- 
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mographic characteristics are virtually equiva- | 
lent to changes in prices (Lewbel, p. 1). This 
restriction has been overcome through demo- 
graphic translating, scaling, and Gorman pro- 
cedures. In this study the demographic scaling 
procedure originally proposed by Barton is used 
so that the demographic variables can affect more 
than the “subsistence” or “necessary” parame- 
ters of the demand system (Pollak and Wales 
1981). . 
Representing the original demand system as 


(1) D; = DP, S,M) G= 1, ..., n), 


where D; is the per capita demand for the ith 
commodity, P is a vector of commodity prices, 
S is a vector of demographic characteristics, M 
is a given level of expenditure, and n is the 
number of commodities. Demographic scaling 
modifies this system as 


(2) 
DP, 5, M) = QDE: Qi PQ» . -s PuPns M) 
= b;D¥ (pt, pF, "+ GP M), 


where p¥ = p;ġ; are scaled prices and the @,’s 
are scaling parameters which are functions of 
the demographic variables, s,, ..., sy 


(3) Q: = OS, 


The scaling functions represent the number of 
commodity-specific “profile equivalents” (Pol- 
lak and Wales 1980). With respect to the de- 
mand for food fats and oils, preferences depend 
on the number of pounds per profile equivalent, 
i.e., pounds/@,, and on the price per pound per 
profile equivalent, p;ġ;, where i is butter, mar- 
garine, etc., and ġ; is a profile of the consumer 
group, which is a function of demographic char- 
acteristics (Pollak and Wales 1981, pp. 1535- 
36). 

Empirical analysis of the demand for food fats 
and oils using this model requires a functional 
form for (2) and (3). The almost ideal demand 
system (AIDS) model originally formulated by 
Deaton and Muellbauer is adopted because of 
the lack of a priori restrictions imposed on the 
substitution characteristics between commodi- 
ties and the exact aggregation properties of this 
functional form (Deaton and Muellbauer). A 


sass Sa- 


' Ray (1982) and Rossi apply the scaling function to household- 
level data. As noted by Rossi and by Deaton and Muellbauer, the 
scaling function can be interpreted as a measure of household size 
that takes into account age composition, other household charac- 
teristics, and economies of household size which can be used to 
deflate total expenditures to reflect a “needs corrected per capita 
level” (Deaton and Muellbauer, p. 314). 
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scaling function similar to the specification used 
by Ray (1982) and by Barnes and Gillingham is 
used to estimate equation (4): 


(4) $= |] st, 


where €, are estimated coefficients.” Incorpo- 
rating this scaling function into the AIDS model 
yields 
(5) w,=a,+ > dnp¥ + Bin(M/P*) 
j 
(= 1,.. 


where w; is the share of the ith type of food fat 
and oil, and 


-> A), 


(6) InP* = œ + >) ædnpř 
| k 
| 1 
s S) >: &lnpřlnpř. 
k j 


With the incorporation of the scaling func- 
tions, the traditional homogeneity and adding up 
conditions still hold.’ In addition, equation (5) 
must be homogenous of degree zero in př as 
well as p;. In order to maintain homogeneity with 
respect to p;, (5) must be homogenous of degree 
zero with respect to the demographic variables. 
That is, 


(7) > &=0 @=1,...,d). 


i 


Similar to previous studies that have incor- 
porated demographic variables in demand sys- 
tems, a linearized index (such as Stone’s index 
using scaled prices) is assumed to provide an 
acceptable approximation to InP* (Capps, Ted- 
ford, and Havlicek). As such, equation (6) is 
approximated by 


(8) InP* ~ $, wdnpž. 
k 


In order to avoid simultaneity problems, we adopt 


? As noted by an anonymous reviewer, the estimated scaling 
coefficients are assumed to remain constant over the study period. 
This assumption implies that, as more health information becomes 
available, the role of demographic characteristics in determining 
per capita consumption is unaffected. Future research could de- 
velop a time-varying scaling specification similar to the dynamic 
AIDS models developed by Moschini and Meilke and by Ray (1984). 

3 The usual symmetry and homogeneity conditions on the AIDS 
share equations are adopted. We conducted log-likelihood ratio tests 
(Judge et al., p. 758) and could not reject these restrictions. 
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the Eales and Unnevehr approach where lagged 
budget shares are used in equation (8).* 

In the AIDS model, expenditure, price, and 
demographic elasticities change over time as the 
share of each commodity changes. Differentiat- 
ing equation (5), the expenditure (N), uncom- 
pensated price elasticities (I), and compen- 
sated price elasticities ("#) can be calculated as 


(9) N; = 1 + B,/w;, 
(10) Dy = (8; — BWj-1)/w) — Ky 
(11) LF = (6; — Bwj.-D/w) 

— Ky + wl + B;/wh, 


where K; is equal to 1 if i = j, O otherwise. 
Similarly, differentiating (2) with respect to the 
rta demographic characteristic and converting to 
elasticity format (Pollak and Wales 1980), the 
elasticity of the demand for the ith good with 
respect to the rth demographic characteristic (E,,) 
is a function of the uncompensated own- and 
cross-price elasticities ([;,) and the elasticity of 
the ith goods scaling function with respect to the 
rth demographic characteristic, Q,,: 


(12) Er = Qi, + >) Dy Qp 
j 


Description of the Data 


The demand for the five types of food fats and 
oils are analyzed using aggregate quarterly U.S. 
time-series data for 1962—87." Commercial but- 
ter disappearance data are obtained from various 
issues of Dairy Situation (USDA). Quarterly 
commercial disappearance for margarine, veg- 
etable shortening, and salad and cooking oils are 
estimated from the following: 


(3) COMMDIS, = PROD, + STOCK., 
+ IMPORT, — EXPORT, — STOCK., 


where COMMDIS is commerical disappearance, 
PROD represents production levels, STOCK are 
ending stock levels, IMPORT are imports, and 
EXPORT represents exports of the commodity. 
Various issues of Current Industrial Reports: Fats 
and Oils Production, Consumption, and Stocks 


4 p* is used in place of p in Stone’s index because the underlying 
cost function is now dependent on p*. 

Š One problem with the use of this aggregate per capita disap- 
p2rance data is that they encompass both intermediate and final 
commodity demand. Thus, the econometric results should be in- 
terpreted with caution. 
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are used to obtain monthly production and stocks 
(U.S. Department of Commerce). Annual im- 
port and export data are obtained from Putnam. 
For lard, various issues of the CRB Commodity 
Yearbook are used to obtain monthly commer- 
cial disappearance values (Buchman and Gay- 
lann). Estimates of aggregate per capita disap- 
pearance values are obtained by dividing by 
quarterly population estimates obtained from 
published Department of Commerce sources. 

Quarterly estimates of butter, margarine, and 
shortening prices are obtained from published 
BLS retail city average price series. Wholesale 
prices for salad and cooking oils and lard are 
converted to retail prices using data provided in 
various issues of the Fats and Oils Situation 
(USDA). These data, as well as those used for 
estimation, are available upon request from the 
authors. 

The demographic variables are as follows: the 
median age of the population (AGE), the non- 
white proportion of the population (NON- 
WHITE), and the median years of schooling 
completed by those over twenty-five years of age 
(SCHOOL). These data are obtained from Bu- 
reau of the Census (Current Population Reports 
and Statistical Abstract of the United States). 
Quarterly values of the demographic variables 
are estimated by interpolating from the annual 
estimates of these variables. The variable DO- 
NATE, which represents per capita USDA do- 
nations of butter, is also used as an explanatory 
variable in each of the commodity-specific scal- 
ing functions. Estimates of quarterly govern- 
ment donations are obtained from Dairy Situa- 
tion and other published USDA data (CCC Milk 
Price Support and Related Activities).° 

Total expenditure for fats and oils (EXPEND) 
is the sum of the expenditures of each of the 
component commodities. Commodity-specific 
expenditure values and budget shares are ob- 
tained from the above estimates of prices and 
quantities. 


Estimation Procedure 


Given the adding-up characteristics of the AIDS 
share equations, only four equations in a five- 


é Government donations are calculated as follows: 


GD, = GOVSTOCK,.., — GOVSTOCK, 
+ REMOVE, — FDONATE,, 


where GD is government donations, GOVSTOCK is government 
ending stocks, REMOVE represents government net removals and 
FDONATE is foreign donation commitments. 
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equation system are independent. Thus, the lard 
equation is dropped from the estimation, with 
the parameters of this equation estimated from 
the symmetry and homogeneity conditions. Be- 
cause the model with demographic scaling is 
nonlinear in the parameters, an iterative seem- 
ingly unrelated regression procedure (SYSNLIN 
within the SAS system) is used for estimation. 
Price, expenditure, demographic, and donation 
elasticities are calculated from the estimated 
coefficients and corresponding share values. 
Approximate asymptotic standard errors are 
computed via the 6-method for the demographic 
elasticities because of the nonlinear nature of the 
elasticities (Rao). 

The effects of seasonality in food fats and oils 
consumption are accounted for by several har- 
monic variables in each share equation.’ Fol- 
lowing Doran and Quilkey, and Kinnucan and 
Fearon, these harmonic variables are calculated 
as 


(14) Hy, = COS) (k= 1, 2)- 
(¢@=1,...,7), 


H = SINGG (=1,...,7), 
where 


(15) A, =2ak/4 (k= 1,2). 


With the incorporation of the scaling function 
[equation (4)] and the harmonic variables [equa- 
tion (14)], the estimated AIDS share equations 
are 


(16) w=a,+ >, (Ip, +> eins, 
j r 
+ a ina = (z Maine F ` ens) )) 
j r 


+ hala + hola t hofy (i= 1,..., 5). 


Estimated Coefficients and Elasticities 


Table 1 presents the estimated demand system 
coefficients and associated asymptotic standard 
errors, All own-price coefficients are statisti- 
cally significant at the 5% level except for the 
own price of lard. Six of the ten cross-price 


7 A dummy variable specification was also evaluated to address 
seasonality in U.S. fats and oils consumption. Demand system pa- 
rameters (price, conditional expenditvre, and demographic effects) 
were quite robust across the dummy variable and harmonic speci- 
fications. Results for the harmonic specification are presented be- 
cause it provided marginally superior explanatory power in terms 
of higher R? and log-likelihood values. 
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cozfficients are also significant at this level, as 
is the butter and shortenings expenditure coef- 
ficients. Seven of the harmonic variable coef- 


s eis. Se ficients and nine of the estimated demographic 
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ter is a net substitute for margarine, vegetable shortenings, and 
cooking oils. Margarine is a net substitute for vegetable shorten- 
ings. None of the cross-substitution elasticities for lard are statis- 
tically significant. 


Gould, Cox, and Perali 


Demand for Fats and Oils 217 


Table 2. Uncompensated Price, Demographic, and Donation Elasticities Evaluated at the 
Sample Means (1962-87) 


Price 
Dependent 
Variable Butter Margarine Short Cooking 
Butter — 662 —.114 “128 =.150 
(.057) (.029) (.045) (035) 
Margarine —.130 —.227 —,171 ~.379 
(.037) (.112) (.082) — (.032) 
Shortening —.079 .107 —,421 —.255 
(.048) (.060) (096) (.046) 
Salad and — .083 — ,204 ~.210 —.440 
cooking oils (.027) (.017) (,035) (.047) 
Lard —.146 ~ 285 ~.164 -.264 
(.069) (061) (.095) = (.061) 


Source: Computations by the authors. 


Lard Expenditure 
.040 1.094 
(.020) (.040) 
~.100 1.006 
(.022) (.015) 
— .030 89] 
(.022) (.049) 
— ,045 982 
(.014) (.019) 
SN 1.136 
(.112) (.056) 


AGE 


2.654 
(.439) 
—2.497 
(.374) 
1.195 
(.435) 
—1.751 
(.260) 
1.574 
(.748) 


Demographic Variables 


SCHOOL NONWHITE 
-2.579  - 1.465 
(.513) (.285) 
-1.118 1.008 
(.571) (.221) 
2.346 ~.790 
(.524) (.257) 
1.099 1,642 
(.361) (.126) 
-1.812  ~2.667 
(.851) (.583) 


Note: Because of the nonlinear nature of the elasticities, approximate asymptotic standard errors computed via the &-method are provided in parenthesis. 


of commodity demand with respect to changes 
in the three demographic characteristics (table 
2). Fourteen of the fifteen demographic elastic- 
ities are statistically different from zero at the 
5% level or better (i.e., all but AGE/Lard). AGE 


DONATE 


— .003 
{.002) 


has elastic and positive effects on butter, short- 
ening, and lard demand and a negative impac’ 
on margarine and cooking oils. These results 
suggest the aging of the U.S. population in- 
creases (decreases) butter (margarine) demand, 


Table 3. Comparison of Alternative Fats and Oils Price Elasticity. Estimates for the U.S. 
and Canada Evaluated at the 1973-86 Data Means 





Previous Study 


U.S. 
Current 
Huang! 
Canada 
Goddard and Amuah 
Cox 


U.S. 
Current 
Huang 
Canada 
Goddard and Amuah 
Cox 


U.S. 
Current 
Huang 
Canada 
Goddard and Amuah 
Cox 


U.S. 

Current 

Goddard and Amuah 
Canada 

Cox 


Dependent 


Variable Butter 


Butter 


=62 
=s17 


= 42 
—.79 
Margarine 


—.13 
07 


—.26 
—.14 
Shortening 


— .08 
—.03 


—1.19 
= 
Salad and 
cooking oils 


—.08 
.03 


=l 


Price Elasticity 


Margarine 


— 24 


Cooking Expenditure 
Shortening Oils Elasticity 

15 = 17 Lil 
S12 .02 
— 09 — .08 1.18 
= 16 —.08 1.33 
are | | 1.01 

19 1] 
~ .04 07 .84 
Sd =) 92 
—.45 —.24 .90 
= 22 37 

hd —.74 1.77 
26 =A 53 
—~ 20 —.48 98 
i 52 —.14 01 

.02 ati .93 


! Huang delineated only three categories: butter, margarine, and other oils. The other oils category is presented in the shortening rows 
and columns. The elasticities estimated by Huang were obtained from an annual time-series model of the years 1953-81. 
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eteris paribus. That is, older Americans have 
tronger preferences for butter relative to mar- 
arine, perhaps reflecting preferences acquired 
rior to the recent negative health concerns for 
holesterol and saturated fat in the diet.’ 

The highly elastic, statistically significant and 

egative (positive) SCHOOL elasticity in the 
utter and lard (shortening) equations indicates 
at increases in the average U.S. level of ed- 
cation have reduced (increased) butter and lard 
shortening and cooking oils) demand, ceteris 
aribus. These results are intuitively appealing 
nder the hypothesis that higher education lev- 

Is increase dietary/health awareness and con- 
ern. The result is a ceteris paribus substitution 
away from lard (and butter) to vegetable short- 
ənings. The sign and magnitude of the NON- 
WHITE elasticities indicate that increases in the 
xroportion of the nonwhite population have de- 
creased (increased) the demand for butter, short- 
ening, and lard (margarine and cooking oils), 
veteris paribus. 

The estimated coefficients of the government 
lonations variable (DONATE) can be used to 
inalyze the impacts of government butter do- 
1ations on the demand for the five commodities 
n the study. While government butter donations 
ire found to have small negative elasticity im- 
yacts on commercial disappearance of butter 
‘"—.003), these impacts are not statistically dif- 
‘erent from zero. The associated shortening 
slasticity is statistically significant and positive, 
although relatively small (table 2). One expla- 
yation of the magnitude and significance of the 
DONATE {Shortening elasticity (0.004) may be 
hat the income gained from government dona- 
ions is reallocated to the consumption of short- 


nings, a net substitute for butter (table 4). Hence, | 
as butter prices decrease for the (relatively small) - 


‘ecipient portion of the population (1.e., it is free 
9 those who receive the donations, but they are 
a small part of the total population), the com- 
olementary price effect of butter on shortenings 
‘— .079, table 2) and the positive conditional ex- 
senditure elasticity (.891, table 2) combine to 
yield a small but statistically significant positive 
impact on shortening demand. However, given 
‘he conditional nature of these second-stage es- 
‘imates, caution in their interpretation is ad- 
vised. 


1 As the U.S. population ages, the proportional impact of this 
older cohort increases. Hence, the AGE variable likely reflects co- 
hort rather than pure age effects. 
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Table 4. Fat Composition of Food Fats and 
Oils 


Fat Content (Grams /Pound) 


Unsaturated Fat 


Total Saturated 

Type. of Food Fat Fat Mono Poly Total 

Butter 370 229 106 14 120 
(62) (23) (4) 33) 

Margarine 366 72 163 115 278 
(20) (45) (31) 09 

Shor-enings 454 114 202 118 320 
(25) (45) (26) (81) 

Salad and 454 68 195 171 366 
cooking (15) (43) (38) (81) 

Lard 454 178 205 51 256 


(39) (45) (11) (56) 


Source: Guthrie, appendix A. 

Note: The salad and cooking oils coefficients pertain to soybean oil (partially hy- 
drogenated). The shortening coefficients pertain to vegetable shortenings. The fig- 
ures ia parenthesis correspond to the percent of total fat. They do not sum to 100 
due ta the inability to correctly identify and measure all fatty acids. 


Changing Demographic Characteristics and 
Fat Consumption 


Given the assumed separability of the consump- 
tion of food fats and oils from other commod- 
ities and following Pitt and Sahn, the elasticity 
response of the intake of the mth-type of dietary 
fat (i.e., total, saturated, and unsaturated fat) 
obtained from food fats and oils to a change in 
the rth demographic characteristic (D,,,) can be 
calculated: 


(17) Daw = D ans, / (> anf) 


where am is the quantity of the mth-type of di- 
etary fat per unit of the ith-type of food, E; is 
the demographic quantity elasticity calculated 
via (12), and Q; the predicted quantity of the ith | 
food. The values of a,,; are obtained from table 
4. The “fat intake” elasticities estimated via 
equation (17) are conditional because of the sep- 
arebility assumption, i.e., the fat intake asso- 
ciated with meat or other dairy products is not 
covered by this analysis. 

Table 5 presents these elasticity estimates (with 
associated standard errors) for the mean values 
of the independent variables over the entire study 
period as well as point estimates for three quar- 
ters. Approximate standard errors obtained by 
the 6-method are also computed to facilitate 
interpretation. The predicted quantities for each 
type of fat or oil are obtained by using the es- 
timated shares and actual prices for the three pe- 
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Table 5. Estimated Demographic Nutrient Elasticities, 1962-87 and Second Quarter 196 


1977, and 1987 


Second Quarter 


Variable Type of Fat 1962-87 1967 1977 1987 
AGE 
Total fat ~ 355 — 220 — 224 — 688 
(.068) (.065) (.074) (.094 
Saturated fat 423 522 568 .074 
(.064) (.085) (.060) (.058 
Total unsaturated fat — 637 — 495 — 478 —,920 
(.103) (.094) (.102) (.121 
SCHOOL 
Total fat .461 .403 .474 580 
(.078) (.084) (.082) (.120 
Satur; ‘ed fat ~ 090 — 127 — 060 .077 
i (.088) (.120) (.088) (.085 
Total unsaturated fat .661 .601 .646 .734 
(.108) (.103) (.107) (.148 
NONWHITE 
Total fat .170 .001 .091 482 
(.039) (.038) (.042) (.054 
Saturated fat — 446 — 593 ~ 511 ~.172 
(.040) {,049) (.036) (.036 
Total unsaturated fat 391 .220 282 .679 
(.058) (.055) (.058) (.069 


Source: Computations by the authors. 


Note: Because of the nonlinear nature of the elasticities, approximate asymptotic standard errors computed via the 6-method are provide 
in parenthesis. These elasticities are conditional on total expenditures for food fats and oils. These elasticities refer to the dietary intaka 
of fat from these commodities. Hence, these elasticities do not include the fat intake from meat and other dairy products. 


riods covered by this table. When viewing table 
5, it should be noted that the coefficients for 
margarine, vegetable shortening, and salad and 
cooking oils presented in table 4 are aggregates 
of several different types of oils with varying fat 
compositions. The results may differ with a finer 
definition of food fats and oils. 

The total fat elasticity for AGE is negative and 
statistically significant when evaluated over the 
1962—87 period and for the three quarters eval- 
uated. This implies that the aging of the U.S. 
population is associated with a statistically sig- 
nificant, ceteris paribus reduction of total fat in- 
take from the commodities included in the model. 
In terms of the composition of this total fat con- 
sumption, a positive (negative) and statistically 
significant relationship between AGE and satu- 
rated (unsaturated) fat intake is obtained. These 
results primarily reflect the elastic impacts of AGE 
on butter (+), margarine (—), shortening (+), 
cooking oils (—), and lard (+) from table 3 and 
the associated fat compositions of these com- 
modities (table 1). 

Total fat consumption from the fat and oil 
commodities is positively affected by increased 
education (SCHOOL elasticities, table 5). These 


results suggest that increasing education levels 
have increased consumption of unsaturated fats 
more than the associated decrease in saturated 
fats. These results are appealing under the hy- 
pothesis that, with higher education levels, the 
population has a greater ability to obtain infor- 
mation on, and understand the health impacts 
of, the consumption of certain types of fats. 
Conversely, one might expect better educated 
consumers to decrease their total fat intake (i.e., 
following dietary guidelines), not just saturated 
fat intake. The positive unsaturated fat SCHOOL 
elasticities may also reflect increased purchases 
of food away from home (FAFA) for those in- 
dividuals with higher income levels. Much ol 
these FAFH purchases occur in fast food estab- 
lishments that use a large amount of vegetable- 
based fats. 

The changing ethnic composition of the U.S. 
population appeared to have little impact on the 
intake of total fat except for the latter part of the 
1980s. In contrast, the saturated fat elasticities 
were negative and statistically different from zero 
(5% level) for the late 1960s and 1970s. The 
unsaturated fat elasticities are positive and sig- 
nificant at all points evaluated. 
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oncluding Comments 


is research analyzes the impacts of prices, fats 
d oils expenditures, seasonality, government 
utter donations, and demographic factors on 
uarterly U.S. fats and oils consumption over 
he 1962—87 period. The demand systems ap- 
roach using an AIDS with demographic scaling 
pecification performs quite well statistically and 
terms of the implied elasticity results. In par- 
icular, the butter and margarine Marshallian price 
lasticities are similar (in signs and magnitudes) 
o the results of Goddard and Amuah, and Cox. 


opulation (AGE), increased average levels of 
chooling (SCHOOL), and increased proportion 
f the population that is nonwhite (NON- 
HITE)| on fats and oils consumption are gen- 
erally statistically significant and appear intu- 
itively reasonable. 

The nutrient/demographic elasticities indi- 
cate that the aging of the population (AGE) is 
associated with statistically significant de- 
creases in total fat intake, but with increases in 
the amount of saturated fats and decreases in the 
amounts of unsaturated fats. One interpretation 
of these AGE results is that older consumers ac- 
quired strong (positive) preferences for butter (and 
vegetable shortening) prior to current concerns 
for cholesterol] and saturated fat in the U.S. diet. 

Increasing average education level (SCHOOL) 
is associated with statistically significant in- 
creases in total fat intake, but with negative 
(positive) impacts on the amount of saturated 
(unsaturated) fat from the commodities mod- 
eled. Increases in the proportion of the nonwhite 
population (VONWHITE) have little impact on 
the total intake of fats but to increase (decrease) 
the intake of unsaturated (saturated) fats. These 
results are conditional in so far as the fat con- 

sumption from sources other than those modeled 
here (e.g., meats and other dairy products) are 
not reflected in these results. 

Government donations (DONATE) of butter 
have statistically insignificant and small nega- 
tive impacts on commercial disappearance of 
butter. The results suggest that the potential 
reallocation of the “income transfer” generated 
by these donations is spent on shortenings; but, 
given the conditional (second stage) nature of 
the specification estimated, this result should be 
interpreted cautiously. 

_ The inclusion of demographic information in 
the estimation of conditional demand systems 
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from aggregate disappearance data is strongly 
suported by this research. These procedures ex- 
plicitly model changes in tastes and preferences 
associated with changes in the demographic pro- 
file, allow estimation of profile specific re- 
sponse parameters, and provide a natural basis 
for projecting demand based on demographic 
projections. 

The success obtained here with respect to the 
use of demographic characteristics in demand 
sysiems estimation supports the continuation of 
research first initiated by Barton. Three areas of 
research that could extend the model developed 
her2 are (a) development of a model where the 
demographic coefficients are allowed to vary over 
time, (b) application of the model to household 
level cross-sectional data, and (c) extension of 


. the Pollack and Wales (1981) demand systems 


model where the “appropriate” method (i.e., 
translating, scaling, Gorman) for incorporating 
dernographic effects is parametrically tested when 
multiple demographic characteristics are in- 
cluded in the model. 


[Received January 1990; final revision 
received April 1990.] 
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Bowes, Michael D., and John V. Krutilla. Mul- 
tiple-Use Management: The Economics of 
Public Forestlands. Washington DC: Re- 
sources for the Future, 1989, xxiii + 357 pp., 
$40.00. 


Bowes and Krutilla present theoretical models of. 


multiple-use management for jointly produced ser- 
vices from public forestlands. These models are then 
used to analyze planning and harvesting decisions for 
several combinations of jointly produced services from 
selected U.S. national forests and to assess impli- 
cations for federal budgeting of jointly produced ser- 
vices from national forests. 

Bowes and Krutilla analyze an important policy is- 
sue, The 190 million acres in the U.S. National For- 
est System currently provide a large share of public 
recreational opportunities and approximately 30% of 
the domestic timber harvest. In addition to recreation 
and timber, these forests also provide other services 
including waterflow control, forage, minerals, and 
energy. Tne quantities of each service produced from 
the national forests are an enduring source of con- 
flict. The management of U.S. national forests con- 
tinues to be the subject of federal legislation, public 
planning, and legal actions. A several-fold increase 
in demand for both recreation and timber from the 
national forests since World War H has intensified 
use conflicts. 

This book is timely. Historically, economic anal- 
ysis has played a limited role in U.S. public forest- 
land management. Most public forest decisions were 
made by foresters trained in the physical sciences. 
Many of these decisions may be characterized as sup- 
ply responses to perceived demands. However, in re- 
sponse to federal legislation since 1960, the role of 
economics in U.S. national forest management has 
increased. While the opportunities for economic 
analysis have expanded, standard economic models 
of the single product, competitive firm are not di- 
rectly applicable to public forestland management. 
The large relative size and characteristics of the pub- 
lic forests make analyses of jointly produced ser- 
vices, such as Baumol, Panzar, and Willig, inappro- 
priate. The U.S. Forest Service is not a competitive 
firm. Competitive markets do not determine timber 
prices. For many types of recreation, value is diffi- 
cult to assess, and exclusion is costly. A portion of 
the public forest is capable of jointly and simulta- 
neously producing two or more services. To remedy 
the limitations of standard models, the authors ex- 
plicitly incorporate characteristics of public land 
management and joint production. 

Chapter 1 outlines the history of public forestland 
management and associated federal legislation in the 
United States. Chapter 2 describes services from U.S. 
national forests and trends in demands for those ser- 


vices. Of note is the large relative increase in demand 
for recreation compared to timber from national for- 
ests since World War II and the mediocre quality of 
most national forestland for timber production. 

Chapters 3 and 4 develop static and dynamic 
fremeworks, respectively, for multiple-use manage- 
ment. Benefit and cost functions for jointly produced 
services are specified. In the dynamic model, amen- 
ity values are determined by the ages of several ad- 
jacent stands. 

In chapters 5—10, the multiple-use management 
framework developed in chapters 1—4 is used to ana- 
lyze selected planning, harvesting, and budgeting is- 
sues. The topics of analysis are the joint production 
of timber and water in the Upper Colorado River Ba- 
sin (chap. 5), the effects of timber management on 
hunting quality in the Black Hills National Forest of 
South Dakota (chap. 6), the inclusion of both rec- 
reation and timber demands in the planning process 
for the White Mountain National Forest of New 
Hampshire and Maine (chap. 7), the incompatibility 
of providing recreation and producing minerals in the 
White Cloud Peaks of the Challis National Forest 
(chap. 8), the budget and appropriation process for 
unpriced resources services on U.S. national forests 
(chap. 9), and an evaluation of timber sales which 
do not cover costs on the Shoshone and Mt. Baker- 
Snoqualmie national forests (chap. 10). 

Two important contributions of this book are the 
quality of the examples and the multiple stand de- 
termination of service values. The examples span a 
range of service combinations, are grounded in the 
current decision-making framework, and are well 
analyzed. The authors carefully exploit available data. 
The consistent use of willingness-to-pay and mar- 
ginal, rather than total, changes is refreshing. Dis- 
cussions for two controversial topics, FORPLAN, the 
linear programming planning model used by the U.S. 
Forest Service for forest plans, and below-cost tim- 
ber sales, are balanced. 

In most previous forestry models, the age of a sin- 
gle stand determines service values. All stands are 
harvested at the age that maximizes net present value 
of land. Here, the ages of more than one stand de- 
termine service values. This allows modeling of the 
joint effects of different aged stands in producing ser- 
vice values. With the consideration of multiple ages, 
optimal harvesting rules become both more credible 
and more complex. In contrast to the unique optimal 
harvest age of single stand models, no general har- 
vest rule for every stand exists. That is, different stands 
may have different optimal harvest ages. For exam- 
ple, if users prefer a combination of younger and older 
s-ands, it may be optimal to harvest some stands more 
often and to harvest other stands less frequently or 
not at all. 


Copyright 1991 American Agricultural Economics Association 
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This book is well written. Topics are well ordered, 
and transitions are smooth. The graphs are helpful. 
Throughout, the reader is treated to clear descriptions 
of standard forestry and resource economics topics. 
These topics include complements and substitutes, 
convex costs, the Faustmann Model, the Hartmann 
Model, maximum sustainable yield (MSY), even-flow 
timber restrictions, travel costs, and hedonic pricing. 

This is an excellent book on a difficult and im- 
portant policy issue. I expect it to become a supple- 
mental text in many forestry economics, forest pol- 
icy, and resource economics courses. The book will 
also interest those who desire an introduction to either 
the economics of multiple-use or public forestland 
management. 


Richard J. Brazee 
Economic Research Service, - ` 
U.S. Department of Agricuiture 
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Braden and Lovejoy in the introductory comments of 

this book put the agricultural water quality problem 

in perspective with the statement: “Pollution from 
agriculture degrades more streams, more lakes, more 
ground-water aquifers and more coastal areas of the 

United States than pollution from any other source. 

And the United States is not alone” (p. 1). The broad 

perspective presented in the book is that nations are 

experiencing increasing difficulties, are unsure of di- 

rections to take, and wish to learn from others’ ex- 

periences. Rather than attempting to deal with all as- 
pects of agricultural water quality issues, the editors, 
working with a group entitled “Consortium for Ag- 
riculture, Resource and Environmental Policy Re- 
search,” have focused on policy issues. An under- 
lying thought driving the effort is that past policy 
approaches depending largely on educational pro- 
grams and appeals for resource stewardship “have been 
overwhelmed by the capabilities of modern agricul- 
tural technologies and by rising public demand for 
environmental protection” (p. 1). The book is a com- 
pilation of ten papers prepared to deal with specific 
policy issues and cases and is arranged in three parts. 

Part one, “Issues and Policy Options,” is presented 

in three chapters. Libby and Boggess start with a 

chapter entitled, “Agriculture and Water Quality: 

Where Are We and Why?” which takes on the task 

of orienting the reader to the broad set of issues and 

considerations that make up the problem the other 
















Books Reviewed 22 


authors deal with in more detail in subsequent chap 
ters. They introduce many physical and technical fac 
tors and then focus attention on the policy aspect 
that will “demand attention by social scientists . . . 
in years to come” (p. 9). The two chapters followin 
this overview focus on the two policy approaches: 
incentives and regulation. Segerson first presents th 
conceptual basis for incentive policies. She provide 
a thorough treatment of the economic logic under 
lying ex ante and ex post incentive mechanisms an 
includes discussion of a range of specific taxes, sub- 
sidies, and liability rules. Anderson et al. “focus on 
the current and potential use of regulation. . .,” and 
in so doing “survey patterns of current agriculture 
regulations that have emerged around the world” (p. 
63). This chapter also examines the economic theory 
underlying environmental regulation and compares 
the efficiency of incentive and regulatory ap- 
proaches. Both chapters evaluate the strengths and 
weaknesses of their respective approaches for dealing 
with surface- and ground-water quality problems re- 
sulting from nutrients, pesticides, and soil erosion. 
All three chapters are thorough, and when taken to- 
gether provide a useful view of the economic con- 
cepts underlying both incentive and regulatory ap- 
proaches. 

Part two, “Policy Applications,” consists of five 
chapters that have as their purpose the introduction 
of real-world issues and experiences. Kumm de- 
scribes and analyzes incentive policies, i.e., fertilizer 
taxes, afforestation subsidies, and intensive exten- 
sion programs, that have been used in Sweden to re- 
duce nutrient pollution. Denmark is also attempting 
to reduce nutrient loading from animal wastes and 
fertilizers and is investigating policies to reduce pes- 
ticide use. Dubgaard discusses the proposed tax pol- 
icies and reports on research by the Danish Institute 
of Agricultural Economics. In both the Swedish and 
Danish cases, it was not possible to point to conclu- 
sive evidence as to the effectiveness of the various 
policy approaches. 

Reichelderfer, in reviewing U.S. programs, points 
out that “historically, direct and indirect positive in- 
centives have been the most popular instruments for 
agricultural (including agroenvironmental) policy im- 
plementation” (p. 131). Most federal programs have 
focused on erosion control, but in recent times more 
specific surface- and ground-water quality issues are 
being raised. An important conclusion is “that new 
incentive policies and programs need to be designed 
in anticipation of shifting social, economic, and po- 
litical conditions——not tied to the short-term condi- 
tions existing at the time of policy formulation” (p. 
142). Helfand and Archibald, in a chapter entitled 
“California’s Proposition 65: A New Regulatory 
Trend,” give insight into these rapidly changing con- 
ditions occurring at the state level. Their discussion 
illustrates the measures voters are willing to take to 
force policy makers to recognize their environmental 
concerns. 

The last case, by Musgrave, illustrates that often 
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a formal relationship between a number of jurisdic- 
tions is needed to create the basis for dealing with a 
water quality problem. Australian federal and four 
state governments had to form a regional compact to 
deal with the Murray-Darling Basin water problem. 
The agreement “provides each state with a clear 
statement of its obligations and rights. . .” but leaves 
the “states free to pursue their own programs within 
the resulting framework” (p. 176). Potential for use 
of economic incentives is seen. 

Up to this point the first eight chapters of the book 
nave presented issues and cases from a “multi-na- 
tonal perspective.” Only in part three, “Environ- 
mental Policies and Agricultural Competitiveness,” 
consisting of two chapters, are international issues 
and perspectives raised. Runge points up the emerg- 
ing issue of environmental regulation and protection- 
ism. Recognizing the potential of non-tariff barriers, 
ne calls for GATT negotiations to broaden policy 
considerations and “prevent protectionism from mas- 
querading as health and safety standards” (p. 195). 
Young, in the last chapter, further considers trading 
arrangements, intensity of resource use, and environ- 


mental quality, and is the only author to address en- - 


vironmental concerns in less developed countries. He 
recommends the OECD “Polluter-Pays Principle” as 
a starting point for international discussions on ag- 
‘icultural trade and environment. 

As one would suppose, the book raises many more 
questions than it answers. But as is often the case, 
this is the way to make progress. The book provides 
a good starting point for understanding the major pol- 
icy issues related to agriculture and water quality and 
Joints the way for policy research. 


Clyde F. Kiker 
University of Florida 


Cohn, Theodore H. The International Politics of 
Agricultural Trade: Canadian-American Re- 
lations in a Global Agricultural Context. Van- 
couver, B.C.: The University of British Co- 
lumbia, 1990, x + 267 pp., $36.95. 

Billed as the first major examination of Canadian— 

American agricultural trading relations from a polit- 

ical perspective, this volume traces the evolution of 

U.S.—Canadian trade relations from the 1950s to the 

1980s and examines the bilateral and multilateral forces 

that resulted in the Free Trade Agreement (FTA) that 
went into effect on 1. January 1989. For American 
readers, the more interesting aspects may be Cohn’s 
rendition of bilateral trade history with its Canadian 
perspective; for Canadian readers, the interest may 
lie more in the forces that shaped the highly contro- 
versial FTA. For all readers, the analysis of forces 
shaping agricultural trade and its growing interna- 
tional importance will be of interest. 

Of special interest to classroom teachers will be 
chapter 3 on “The Organizational Setting” of agri- 
cultural trade. After describing the evolution of the 
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General Agreement on Tariffs and Trade (GATT), 
Cohn outlines a multiplicity of other international or- 
ganizations that influence the structure and conduct 
of agricultural trade. Interwoven into this discussion 
ar2 the special waivers, such as section 22, that the 
United States has enjoyed vis-d-vis agriculture and 
the GATT. This is useful information in light of its 
significance in the recent round of trade negotiations. 
Cohn also summarizes the agricultural components of 
the Kennedy and Tokyo Rounds that tried, but largely 
failed, to make progress on agricultural trade liber- 
alization. 

Of interest to the economic academician will be 
chapter 4, on “International Pricing Arrangements.” 
This chapter outlines the many attempts to establish 
duopoly and oligopoly pricing in world grain mar- 
kets. Included are the lesser-known efforts by the 
United States and Canada to coordinate grain-pricing 
policies during and after World War II. It was a sur- 
prise to this reader, for example, to learn that “The 
CWB (Canadian Wheat Board) was then (1943) in- 
vited to occupy an office in the U.S. Department of 
Agriculture Building” (p. 67) in Washington. This 
presence continued until Dwight D. Eisenhower be- 
came president in 1953, at which time “the advan- 
tages of these close contacts became less evident to 
his administration” (p. 67). 

Cohn then reviews the extended periods of low grain 
prices that followed, the many unsuccessful attempts 
te stabilize markets at higher levels and traces out 
more recent experiences with grain embargoes, ex- 
port subsidies, and the U.S. plan for world agricul- 
tural trade reform. The reactions of political leaders 
to these efforts makes engaging reading. 

Less engaging to American readers will be chapter 
5 on “American Surplus Disposal Measures.” Here 
Cohn describes the long series of diplomatic efforts 
by Canada to alter U.S. behavior regarding grain dis- 
posed of outside commercial channels. As Cohn points 
out, “Canada was a persistent and harsh critic of 
American tied sales provisions in PL 480 agree- 
ments, maintaining that they interfered with the com- 
mercial trade of other exporters. The United States, 
on the other hand, felt that tied sales were an essen- 
tial component of its food aid and trade policies” (p. 
92). 

Cohn also describes U.S. efforts to use barter as a 
means of disposing of surplus commodities, which 
Canada also opposed, and concludes that “American 
tied sales and barter were prime illustrations of the 
vast differences in U.S. and Canadian economic size 
and capabilities” (p. 110). This theme, that Canada 
is small in economic size compared to the United 
States, and by implication that Canada should receive 
special trade treatment, is echoed in a number of places 
in the volume. It is not a view that is widely held in 
Washington agricultural circles. 

Of more interest to American readers will be chap- 
ter 6, which describes “Canadian and U.S. Agricul- 
tural Export Credits.” In this case, Canada is por- 
trayed as actively involved in providing trade credit 
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to other countries. Cohn notes, “the provision of credit 
normally does not require massive amounts of eco- 
nomic resources. Canada was therefore able to com- 
pete with the United States in the export credit sales 
area, and both countries at various times took the lead 
in adopting innovative practices” (p. 111). This chapter 
provides an enlightening description of the role that 
trade credit has played in expanding world agricul- 
tural trade. 

The final chapter deals with the issue of “Agri- 
cultural Trade Barriers.” In a sagacious statement, 
Cohn observes that “Canadian-American agricultural 
trade has alternated historically between cycles of 
protectionism and liberalization” (p. 139). This is a 
useful reminder, especially for younger readers. It is 
quite easy to become so immersed in the current min- 
utia of trade policy that one loses sight of how it waxes 
and wanes over time. We should keep in mind that 
only in the post-World War H period has trade lib- 
eralization been in the ascendancy. Prior to that, pro- 
tectionism was the order of the day. That is why vol- 
umes like this are so valuable. They remind us that 
we should not take trade liberalization for granted. 
Over the course of history, free markets and free trade 
are the exception rather than the norm. Like liberty, 
the price of free markets and free trade is eternal vig- 
ilance. And, like an appreciation of liberty, this starts 
in the home and classroom. 

In this instance, Cohn has provided us with the in- 
formation to stay vigilant. His volume should be of 
interest to classrooms and boardrooms that deal with 
international agricultural trade and especially those 
with a focus on U.S.—Canadian trade relations. He 
provides us with an excellent historical review and 
description of the political and economic forces that 
have brought the United States and Canada into a 
closer trading relationship. Based on the reminders 
in this volume, however, we should not take that re- 
lationship for granted. There are forces working to 
limit it. We can only hope they weaken over time. 
Perhaps this volume may halp achieve that goal. 


Leo V. Mayer 
U.S. Congress, House of Representatives 
Committee on Agriculture 


Fuguitt, Glenn V., David L. Brown, and Calvin 
L. Beale. Rural and Small Town America. New 
York: Russell Sage Foundation, 1989, xxvii + 
471 pp., $55.00. 

This volume is one in a continuing series of mono- 


graphs prepared for the National Committee for Re~ 


search on the 1980 Census. Written by three noted 
experts on the demography of rural America, this book 
provides a thorough and well-documented statistical 
portrait of rural and small town America circa 1980. 
Although based primarily upon 1980 and earlier cen- 
sus data, the volume also draws upon national sur- 
veys and population estimates for information on the 
post-1980 period. Aimed at interested public officials 
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and nonprofessionals, as well as professional social 
scientists, the book is clearly written and procedures 
used are carefully described. 

The thirteen chapters that constitute the book may 
be divided roughly into three main categories: (a) 
population growth and distribution, (b) demographic 
and socioeconomic characteristics, and (c) economic 
activities of the population. Chapter 1 describes the 
organization of the volume and contains a useful dis- 
cussion of what is meant by rural and small town 
America. The authors note that their focus is on “(1) 
the rural population, metropolitan or nonmetropoli- 
tan; and (2) the urban nonmetropolitan population” 
(p. 6). Changes in the census definitions of rural and 
urban and metropolitan and nonmetropolitan compli- 
cate comparisons over time, as does the movement 
of areas into or out of these classifications. The au- 
thors are careful to note and/or adjust for the impact 
of these changes on their results. 

Chapters 2 and 3 describe trends in population dis- 
tribution and document the pervasive population de- 
concentration that occurred in the United States dur- 
ing the 1970s. The widely noted “population 
turnaround,” in which nonmetropolitan areas grew 
more rapidly than metropolitan areas, is analyzed as 
part of a much larger movement toward population 
deconcentration that took place at several territorially 
based levels. The authors nete: “This included pop- 
ulation decline in the nation’s largest cities, a con- 
tinuing pattern of metropolitan suburbanization, more 
rapid growth in smaller than larger Metropolitan Sta- 
tistical Areas, population redistribution away from the 
densely settled North, and a reversal in growth pat- 
terns between metropolitan and nonmetropolitan areas” 
(p. 100). The reversal of the turnaround in the post- 
1980 period is also described and major regional dif- 
ferentials in metro-nonmetro growth are documented. 
What emerges from this analysis is a picture of sub- 
stantial diversity in growth patterns by major regional 
and residential categories. 

Chapters dealing with demographic and socioeco- 
nomic characteristics present a detailed analysis of 
compositional differences across residential settings. 
Many of these findings will confirm the reader’s ex- 
pectations with regard to rural-urban and metro-non- 
metro populations. However, some findings chal- 
lenge beliefs about rural America. For example, in 
spite of higher rural fertility throughout the nation’s 
history, the “oldest population is disproportionately 
located in nonmetropolitan areas . . .” (p. 137). This 
is not only the outcome of the selective outmigration 
of young adults from nonmetro to metro areas, but 
increasingly since the 1960s, the selective inmigra- 
tion of the elderly to nonmetro locations. Similarly, 
the stereotypical picture of Hispanic farm workers is 
belied by the finding that 90% of Hispanics were ur- 
ban by 1980, making them one of the most urban 
ethnic groups in the nation. Perhaps less surprising, 
but no less important, is the continuing significance 
of residence for household composition and struc- 
ture. “Rural areas continue to be characterized by more 
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traditional household structures, in terms of both family 
living arrangements and life course composition of 
householders” (p. 183). 

The continuing disadvantage of rural and nonmet- 
ropolitan residence is ably documented in the chap- 
ters dealing with the economic activities and income 
of the population. Excellent chapters on the labor force 
and employment, industrial structure, the population 
associated with farming, and income and poverty re- 
veal the expected patterns. For example, the per- 
centage living in poverty in nonmetropolitan areas in 
1986 was 18.1, compared to the metropolitan rate of 
12.3. Similar differences favoring metropolitan res- 
idents are found for a variety of employment and in- 
come measures. 

Rural and Small Town America represents an im- 
portant addition to our understanding of the signifi- 
cance of residence for America’s social and eco- 
nomic structure. No reader interested in population 
distribution or the hierarchy of urban places can af- 
ford to ignore this volume. Given the wide range of 
topics covered and the uniform quality of the cov- 
` erage, the volume will be of particular interest to ag- 
ricultural economists interested in rural development, 
rural sociologists, demographers, and geographers, 
among others. Two minor cavils distract the reader 
from what is a valuable contribution to the literature. 
Chapter 12, on the characteristics of cities, towns, 
and rural areas, appears curiously inconsistent with 
the organization of the book. The customary delay in 
publishing census monographs is likewise discour- 
aging. However, neither of these quibbles seriously 
diminishes the value of this work which is likely to 
become the standard reference in the area. 


C. Shannon Stokes 
Pennsylvania State University 


James, W. E., S. Naya, and G. M. Meier. Asian 
Development: Economie Success and Policy 
Lessons. Madison: University of Wisconsin 
Press, 1989, 281 pp., $37.50, $13.50 paper. 

This book reviews and appraises the unprecedented 

economic development record of countries of Asia. 

The authors’ note states the book “focuses on the ex- 

traordinary performance of the Asian newly indus- 

trializing countries (NICs) (Hong Kong, Korea, Sin- 
gapore, and Taiwan), the four resource-based countires 
of the Association of Southeast Asian Nations 

(ASEAN-4-——Indonesia, Malaysia, The Philippines, 

and Thailand), and the low-income countries of South 

Asia (Bangladesh, Burma, India, Nepal, Pakistan and 

Sri Lanka)” (p. xv). 

The book is divided into seven chapters, the first 
of which provides a comparative overview of each of 
the countries in the three groupings listed above. The 
subsequent chapters discuss industrialization and trade 
policy, savings and development, financial flows and 
debt, agriculture, human resource development and, 
finally, policy lessons and prospects. 
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The major focus of the book is that “a given coun- 
try’s course of development appears not to have been 
limited by its ‘initial conditions,’ but to have been 
determined by the quality of its economic policies” 
(p. 21). Each of the respective chapters illustrates in 
detail this concept and provides an empirical data base 
to support the thesis that what matters most are ap- 
propriate policies. 

One might surmise this conclusion, given that the 
study originated from research initiated while the au- 
thors were at the Economic Office of the Asian De- 
velopment Bank (p. xvi). The book is expected to 
serve a wide audience of economists and nonecon- 
omists. It avoids the use of mathematical formulas 
and keeps technical and theoretical issues at an easily 
understood level, even for the noneconomist. In this 
regard, it should be useful to students in business and 
the social sciences, particularly those concerned with 
Asian and Pacific areas. Nevertheless, the economic 
management lessons detailed for the respective coun- 
tries are broadly applicable in other developing coun- 
tries. 

Among the book’s strengths are the numerous, well- 
organized cables and graphs that increase the book’s 
usefulness to the researcher, student, or government 
official concerned with understanding and tailoring 
‘well-designed investment projects. The comprehen- 
sive and current bibliographic references plus the 
chapter notes are of great value to reacquaint agri- 
cultural economists with the need to conduct agri- 
cultural analysis and policy applications within the 
broader macroeconomic framework. Chapter 3, which 
thoroughly explores the role of domestic savings and 
financial development, provides a classic primer on 
the need to follow nonrepressive financial policy if a 
country is to grow rapidly. 

One might quarrel with a few minor points, i.e., 
on page 3 it is stated: “But a quarter century of spec- 
tacular economic growth in the Asia—Pacific region 
has shiftec the center of the world economy from the 
Atlantic to the Pacific.” This may be occurring, but 
as yet the shift is still underway and certainly has yet 
to be achieved. 

On balance, this is an excellent book and valuable 
for the insights it provides for understanding the dif- 
ferentials of growth among Asian developing coun- 
tries. It should be considered required reading for all 
developing country decision makers. While the po- 
litical and social context of the Asian countries is in 
several respects obviously different from the situation 
found in Latin America and Africa, the fiscal, mon- 
etary, financial, and trade policies pursued so suc- 


- cessfully in the newly industrializing countries rep- 


resent universal economic principles which, if astutely 
developed and systematically followed, incorporate 
the basis for a dynamic evolution to self-sustaining 
economic growth and wealth. 


Alfred Thieme, Jr. 
Inter-American Development Bank 
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Moore, Richard H. Japanese Agriculture, Patterns 
of Rural Development. Boulder: Westview 
Press, 1990, 337 pp., $35.00. 

The core of this book, and its most valuable contri- 

bution, is an intensive case study of Nakada township 

in the rice-growing Tohoku region of northeast Hon- 
shu. Its focus is that of an ethnographer who is sen- 
sitive to the persistence of age-old value systems and 
social structures in a rural community and its (so far 
successful) effort to survive in a rapidly changing 
economic environment. The author leads us through 
the history of the township and one of its villages; 
its customs and beliefs; the pattern of land ownership 
and tenancy and the influence of irrigation; the (lim- 
ited) effects of land reform and countervailing gov- 
ernment efforts to promote productive efficiency 
through land consolidation and leasing; the advent of 
mechanization, freeing labor for off-farm employ- 
ment; the survival of both full-time and part-time farms 
under the protective umbrella of high price supports 
and subsidies; and the role of the agricultural coop- 
eratives in protecting farmers and managing change. 

Throughout the book, microeconomic findings based 
on the author’s field work are intermingled with na- 
tion-wide events and policies. A final chapter, added 
at the urging of the editor, deals with current gov- 
ernmental attempts to accelerate structural changes in 
order to increase the economic efficiency of the ag- 
ricultural sector, to reduce support costs, and to open 
the market to international competition. 

It is evident throughout that the author shares the 
traditional rural values and takes a dim view of any 
attempt to promote or even facilitate structural change 
in agriculture. To be sure, he does applaud the growth 
of off-farm employment, which he rightly credits with 
helping to preserve the rural communities (although 
he fears that this escape hatch may be gradually closed 
by a decline in industrial subcontracting). But he does 
not accept the economists’ prescription that the future 
of Japanese agriculture lies in larger-scale farming 
employing fewer farmers and a shift away from rice 
to livestock products, vegetables, and fruits for which 
consumer demand is growing and in which Japan is, 
or can become, internationally competitive. 

The author is not comfortable with economic anal- 
ysis. In any event, he makes clear that his priorities 
are different. “The focus needs to be redirected from 
the narrow logic of free trade rules or political con- 
venience to the nutritive value of the Japanese diet, 
the ecology of food, and its cultural significance” (p. 
1). “The central components of any solution to the 
farm dilemma in Japan must involve the cultural right 
of the members of the farm household to perpetuate 
their corporate body through succession, inheritance 
of land, and ancestor worship” (p. 272). He sees “the 
main problems encountered by rural society” in “the 
bride shortage and aging rural population” and in 
“growing disparities . . . in job security” (pp. 272— 
73). He marshals environmental and dietary argu- 
ments and the cultural symbolism attached to rice in 
defense of the status quo. On the whole, the book is 
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more helpful in understanding the persistence of a 
highly fragmented, rice-based agricultural structure 
in Japan (including the reluctance of farmers to sell, 
or even lease land) than in providing a guide to its 
adaptation to changing economic conditions. _ 
Although the book contains much interesting in- 
formation, frequent digressions and repetitions make 
it difficult to read. The presentation could have been 
improved by more rigorous editing. An overview 
chapter would have helped to give the nonexpert reader 
a feel for the broad historical sweep of the evolution 
of Japanese agriculture befare immersing him into’ 
specific aspects as seen from the grassroots. 


Fred H. Sanderson 
National Center for Food and Agricultural Policy, 
Resoruces for the Future 


Pearce, D. W., and R. K. Turner. Economics of 
Natural Resources and the Environment. Bal- 
timore MD: Johns Hopkins University Press, 
1990, 378 pp., $42.50, $19.50 paper. 

Public interest in environmental matters has enjoyed 
a recent resurgence. It will not be surprising to find 
that enrollments in undergraduate courses in environ- 
mental and natural resource economics will rise with 
this resurgence. It is to this audience that Pearce and 
Turner offer their volume. It is a difficult audience 
to satisfy given that it has a very diverse range of 
disciplinary backgrounds. Some potential readers will 
be already skilled in economic principles and anal- 
ysis. Others will have backgrounds more in the phys- 
ical sciences. 

Acknowledging this difficulty, Pearce and Turner 
have attempted to provide a text that strikes a bal- 
ance. They seek to satisfy the economist with suffi- 
cient mainstream analysis, while not deterring the 
ecologist from pursuing the subject. They seek to of- 
fer an intellectual challenge to the economist while 
giving enough practical relevance to maintain the 
noneconomist’s interest. 

The approach used in striking this balance is to fol- 
low a distinct pattern of analysis. First, the authors 
go to some length to begin their various analyses us- 
ing widely understood statements of environmental 
issues. They then proceed to “translate” these.-gen- 
eralized statements into specific economic formula- 
tions of the issues. Once so formulated, relatively 
standard economic analysis is applied. 

The results of the approach will not please all. A. 
good example of problems faced by the approach is 
the treatment of that currently omnipresent concept, 
sustainable resource use. The translation offered by 
Pearce and Turner of this infrequently defined con- 
cept is useful in that it helps both economists and 
noneconomists to understand exactly what is being 
considered. However the economist’s translation in 
terms of optimal rates of depletion of the natural cap- 
ital stock will no doubt be disturbing for environ- 
mentalists. Similarly, the conslusion reached by Pearce 
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and Turner that sustainability involves the mainte- 
nance of the currently available stock of natural cap- 
ital will be disturbing to many economists. The au- 
thors propose a “sustainability requirement” (p. 225), 
whereby any reductions to the natural capital stock 
would need to be compensated for by additions to 
that stock achieved by other projects within the port- 
folio of decisions being made. These augmenting 
projects “would not be required to pass any test re- 
lating costs to benefits” (p. 225). While the ardent 
environmentalist may find this proposition appealing, 
most economists will see it as a prescription for the 
creation of a poorer society, less able to afford en- 
vironmental protection. 

A second problem created by the approach relates 
to the breadth of material that is covered. Words de- 
voted to the balancing of environmental and eco- 
nomic approaches are words not used to discuss other 
important issues. For instance, scant regard is paid 
to the office choice theory explanation of the popu- 
larity of the strongly interventionist approach to pol- 
lution control. A consideration of the importance of 
the lobbying of special interest groups and the roles 
bureaucrats and politicians versus the impotency of 
the individual voter would have added a useful di- 
mension. Similarly, there is little attention given to 
institutional arrangements that have caused the break- 
down of the property rights approach to the resource 
allocation process. 

Another notable omission is a systematic treatment 
of benefit-cost analysis. As the book progresses, more 
and more reference is made to the measurement and 
weighing up of benefits and costs, yet nowhere are 
the basic framework and fundamental assumptions of 
benefit-cost analysis established. To the uninitiated 
this could be confusing. 

However, there are also distinct advantages of the 
approach used. Global pollution problems and poli- 
cies are often overlooked by texts, but this volume 
devotes a complete chapter to their consideration. 
Likewise, the volume extends the analysis to cover 
centrally planned and developing countries. With such 
interest in all of these issues, the book’s breadth of 
coverage is welcome. 

The authors’ style is clear and concise, particularly 
in the analytical sections of the book. The clarity is 
aided by the use of diagrams that are uncluttered and 
simple to follow. The conciseness is aided by the 
book’s structure: chapters tend to be short and ad- 
dress very specific topics, so that ideas and concepts 
are tightly packaged. The subdivision of chapters 
shows to full advantage the organization of the un- 
derlying argument. These features will enhance the 
ability of students to assimilate the material covered 
by the book. Its limited use of mathematics will de- 
light some and frustrate others. 

The volume recognizes that noneconomists are not 
only concerned about the environment but are also 
interested in finding out what and how economists 
think about environmental issues. Its analysis is not 
condescending to noneconomist readers in that it is 
not overly pedagogical. Yet it has enough footholds 
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back to environmental basics to make the nonspe- 
cialist feel comfortable. For the economist, there is 
sufficient analytical strength to provide a stimulating 
challenge. Part of that challenge will be coming to 
terms with the views of physical scientists and seek- 
ing solutions to the environmental problems they pose. 


Jeff W. Bennett 
University of New South Wales, Australia 


Rawski, Thomas G. Economic Growth in Prewar 
China. Berkeley: University of Califoronia 
Press, xxxiii + 448 pp, $48.00. 

This book is required reading for those interested in 
China’s economic development, be they economists, 
historians, researchers, teachers, or students. Rawski 
has set out to expose conventional beliefs about Chi- 
na’s modern economic history to the harsh light of 
empirical evidence. The evidence he presents is likely 
to change, or at least raise serious questions about, 
those beliefs. 

Rawski challenges the view that China’s economy 
was in a State of stagnation during the prewar period. 
He presents new estimates of growth rates for Chi- 
na’s GDP between 1914—18 and 1931~—36. These es- 
timates imply per capita GDP growth at rates of about 
1% a year, or possibly higher. Such growth exceeds 
previous esimates by K. C. Yeh and Dwight Perkins 
cf less than 0.5% a year, and it resembles growth 
achieved by Japan during 1897—31, a period of ac- 
celerating growth. Rawski’s estimates imply that the 
economy was not stagnating: real per capita income 
rose over 20% between 1914-18 and the 1930s. 

A wide range of related evidence is used to back 
up these estimates. Data are most abundant for, and 
tae book focuses on, the modern sector. Separate 
chapters are devoted to manufacturing, banking and 
tae monetary system, and transport and communi- 
cations. Far each of these sectors, Rawski weaves 
together data from diverse primary and secondary 
sources. The picture that emerges is one of dyna- 
mism, where modern firms grew and spread region- 
elly and where modern and local institutions fre- 
quently achieved a symbiotic relationship. This picture 
contrasts with the conventional view that the modern 
sector was limited in influence, did not penetrate be- 
yond a few major urban centers, and grew at the ex- 
pense of traditional industries. 

A chapter on investment examines whether the in- 
vestment levels were high enough to initiate a long- 
term growth process. W. Arthur Lewis and Walt 
Rostow have suggested that “take-off” involves a 
transition from low investment at or below 5% of gross 
national product (GNP) to high investment at 10% or 
more of GNP. Earlier work on China by K. C. Yeh 
shows gross fixed investment in the 1930s at only 5% 
of national product. In contrast, Rawski estimates that 
by that time fixed investment had risen to about 10% 
of GDP. If correct, these findings contradict beliefs 
that rates of return on investment were low, that un- 
certainty and instability prevented investment, and that 
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for cultural or social reasons China’s elites were un- 
willing to invest. 

The credibility of Rawski’s arguments rests on the 
evidence. Information is most abundant and his anal- 
ysis strongest for the modern sectors. The modern 
sectors, however, accounted for only 10%—15% of 
national product. Conclusions about the overall econ- 
omy, then, require estimates for growth and invest- 
ment in traditional sectors, especially agriculture. 
Unfortunately, systematic, nationwide data for out- 
put and investment in agriculture do not exist. Rawski 


therefore uses indirect evidence. Data showing rising . 


cotton cloth consumption and rising wages of un- 
skilled labor from rural areas suggest that incomes 
and living standards were increasing in rural China. 
Under certain assumptions, these data imply rising 
farm output. 

Despite the careful discussion of these indirect data, 
Rawski’s conclusions about trends in agriculture, and 
thus for the economy as a whole, are suggestive rather 
than definitive. Nevertheless, his study brings im- 
portant new evidence to bear on the subject. More- 
over, if one is uncomfortable with Rawski’s esti- 
mates for agricultural growth, one must be equally 
(if not more) uncomfortable with previous estimates. 
Earlier studies face the same data problems and rely 
on equally strong assumptions. 

I should add that my favorite chapter is the first 
one, in which Rawski demolishes the view that the 
prewar Chinese economy was ravaged by militarism 
and a corrupt, extractive government. Militarism and 
the government may very well have disrupted the 
economy in particular regions at particular times. Yet, 
data show that the numbers of troops, casualties, and 
military outlays were small relative to the population 
and economy as a whole. Similarly, data for the 1930s 
show central government expenditures averaged less 
than 3% of GDP, and Rawski estimates total gov- 
emment spending (all levels) at between 4.7% and 
7.2% of GDP. The government’s ability to raise taxes 
was apparently weak, and so its ability to “extract” 
resources from the economy was probably limited. 

By insisting on systematic evidence as the basis of 
our views, Rawski has raised the level of debate about 
China’s prewar development. Those who disagree with 
Rawski’s conclusions will either have to refute the 
data he presents, provide alternative evidence, or 
challenge his interpretations of the data. Regardless 
of whether they agree or disagree, readers will find 
this book a gold mine of primary source references 
and materials, and a very stimulating work. 


Terry Sicular 
Harvard University 


Reitsma, H. A., and J. M. G. Kleinpenning. The 
Third World in Perspective, 2nd ed. The Neth- 
erlands: Van Gorcum, Assen/Maastricht, 
1989, xxii + 435 pp., price unknown. 

This book was written by two geographers, and it 

covers the politics, the economics, the sociology, and 

the legal aspects of development and underdevelop- 
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ment in addition to geoghraphical aspects. A hint at 
the breadth of coverage is given by a brief synopsis 
on the outside back cover of the book. Issues to be 
described and explained include low productivity, food 
shortages, poverty, infrastructural deficiencies, 
underutilization of human and natural resources, pop- 
ulation explosion, unemployment, rural-to-urban mi- 
gration, unbalanced spatial structures, shantytowns, 
oversized informal sector, inequality, internal colo- 
nialism, and corruption. It is designed as an under- 
graduate textbook but may also serve as supplemen- 
tary reading for graduate courses. It is rich in 


 illustration——maps, graphs, and photos. 


The book is organized into five parts, including 
N a 

twenty chapters and an epilogue. Part one looks at 
changing perceptions of the third world’s underde- 
velopment beginning with the decade 1945-55 and 
ending with the decade 1975—85. Part two treats the 
rural-agricultural scene, while part three covers the 
urban-industrial scene. Part four’s three chapters cover 
various theories of development and underdevelop- 
ment including critiques—especially of the theories 
of imperialism and dependency. Finally, part five is 
devoted to a fairly detailed analysis of four country 
case studies: Ethiopia, India, Cuba, and Taiwan. 

This is an excellent book. It is well written and 
easily comprehended. In their critiques of some the- 
ories of development and underdevelopment, the au- 
thors make every effort to present a balanced view. 
They conclude that during the 1960s and 1970s colo- 
nialism was overemphasized as a major negative in- 
fluence. Reitsma and Kleinpenning try to balance this 
view by giving more attention to the internal factors 
of the physical and cultural environment operating 
throughout the centuries. The case studies were se- 
lected to provide some comparative testing of a num- 
ber of the theoretical concepts of development and 
underdevelopment. In the epilogue, the authors pro- 
vide their rationale for the countries selected for their 
case studies, and they present some interesting con- 
trasts with respect to physical and cultural environ- 
mental factors, the role of indigenous elites, colo- 
nialism, and others. 

With respect to colonialism, they conclude as fol- 
lows: “With the exception of five years of Italian oc- 
cupation, Ethiopia never was a colonial possession. 
Today it is one of the world’s poorest countries. Af- 
ter fifty years of colonial rule by the Japanese, Tai- 
wan is presently well on its way to becoming a pros- 
perous and developed country. Both Cuba and India 
were colonial dependencies for a very long period of 
time, but present living conditions of the ‘average’ 
inhabitant are far better in the former than in the lat- 
ter country” (p. 393). 

In chapter 14, “Causes of Underdevelopment: An 
Overview of Theories” (pp. 211-38), the authors draw 
heavily on the views of two European geographers, 
Hans Bobek from Austria and Yves Lacoste from 
France. Both of these writers have serious reserva- 
tions concerning the one-sidedness of the anticolon- 
ialism interpretation. In fact, say Reitsma and Klein- 
penning, “Another point in Lacoste’s favor is the 
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emphasis he places on the harmful role played by 
colonialism while at the same time bringing out the 
relative importance of that same factor. By drawing 
attention to the part played by third world elites, he 
makes more understandable the lack of progress dur- 
ing the postcolonial period as well as the limited de- 
velopment in third world countries which never were 
colonies” (p. 235). 

The book does have a few flaws in my judgment. 
On page 33, Reitsma and Kleinpenning speak of the 
problem of “an excessively large and for the most 
part unproductive, even parasitical, informal tertiary 
sector.” This is certainly an incomplete view. Much 
later (p. 164), they, in fact, speak much more posi- 
tively of this informal sector. Unfortunately, neither 
De Soto nor Hirschman appears in their extensive list 
of references. 

In several instances they seem to focus on Africa 
and south-southeast Asia but generalize for the third 
world as a whole. For example, “In nearly every Third 
World country, over half the working people are en- 
gaged in agriculture and in many at least 75 percent 
are so employed” (p. 52). This is an inaccurate gen- 
eralization for Latin America. The sharp dichotomy 
between large agricultrual enterprises producing for 
the market and subsistence farmers who can barely 
feed themselves from their production (pp. 96, 102) 
seems overdrawn for most areas of the less developed 
world. The Green Revolution is, I believe, under- 
rated (pp. 80-85), and no mention is made of the 
network of international agricultural research centers. 
Finally, I fail to understand the need for a qustionable 
comparison which is found on the very first page (p. 
3) of chapter 1: “Partly because Europeans are ex- 
posed to more information on the low quality of life 
in the Third World and partly because they live in a 
more socialistically minded environment, they tend 
to be more inclined than Americans to sympathize 
with, and provide economic support to, the poor and 
hungry in Africa, Asia and Latin America.” 

Despite several overgeneralizations, this is a good 
book and should be a useful supplementary reader for 
courses in development studies. 


Peter Dorner 
University of Wisconsin 
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“The aim of this book is to understand food pricing 
anc through it broader food policy choices in a va- 
riety of country settings . . . the chapters have been 
written to a common outline and share a common 
perspective . . . food price policy is defined to in- 
clude both explicit price interventions and macroeco- 
nomic, exchange-rate, and trade policies” (p. vii). 
The six Asian country studies, written by authors with 
considerable research experience in their respective 
areas of expertise, are China, Indcnesia, Nepal, the 
Philippines, South Korea, and Thailand. The latter 
half of the above definition of price policy is critical 
for the chapter outlines, which, according to Sicular, 
draw heavily from the ideas of Timmer, Falcon, and 
Pearson in Food Policy Analysis; the effects of these 
economy-wide policies are dealt with at some length 
in all of the chapters and constitute the main focus 
of attention In the Korean and Philippine chapters. 
Th2 common outline includes a discussion of (a) pol- 
icy objectives; (b) price policy instruments (output 
prize supports, consumer subsidies, input price sub- 
sidies usually for fertilizer, macroeconomic, and trade 
policies); and (c) policy outcomes and tradeoffs be- 
tween conflicting policy objectives (urban consump- 
tion, producer incomes, price stability, self-suffi- 
ciency and food security, government revenues, rapid 
economic development). 

A central question addressed by the authors is 
whether “distorted” agricultural prices hinder agri- 
cultural and overall economic development—-how 
important is “getting prices right?” Kym Anderson 
(Korea, where agriculture is protected) and Christina 
David (the Philippines, where agriculture is taxed) 
take strong positions that past price distortions re- 
sulted in serious inefficiencies. Peter Timmer con- 
ter.ds that most of the benefits of the agricultural re- 
search and investment program in Indonesia would 
not have been realized without implementation of the 
more favorable price environment after the mid-1960s 
that substantially reduced but did not entirely elimi- 
naze biases against agriculture. Theodore Panayotou 
(Tnailand) argues that agriculture grew strongly de- 
spite substantial taxation of rice exports because of 
the compensating factors of free irrigation water and 
free land for expansion; however, the rising costs of 
bringing new land under cultivation and irrigation will 
not permit a continuation of past pricing policies with 
the same favorable outcome. 

In Nepal, with its long, open border with India, 
the question is to some extent irrelevant. Michael 
Wallace presents the apt analogy of the flea (Nepal) 
that travels in the elephant’s (India) direction, which- 
ever way the flea turns on the elephant’s back. Terry 
Sicular chooses not to criticise directly (or praise) 
China’s policy of taxing food production through 
various quota arrangements but instead is satisfied to 
lav out the resulting tradeoffs in policy outcomes. 

The brief concluding chapter is disappointing in that 
Sicular is content merely to summarize the complex- 
itizs of food price policy formulation——in some sense 
recapitulating the objectives-instruments-outcomes 
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framework of Timmer, Falcon, and Pearson with 
specific examples from the case studies. A compar- 
ative analysis of several empirical applications of that 
framework might have identified common tendencies 
that would have allowed predictions/rules/hy- 
potheses of government behavior in carefully defined 
situations. After providing some relevant cross-coun- 
try background information, a much longer introduc- 
tory chapter makes a start at this, but the concluding 
chapter fails to follow up. 

The job of identifying these common tendencies 
would be made easier in my opinion by a more in- 
depth treatment in the case studies of three areas. First, 
the development and dissemination of modern vari- 
eties of rice allowed policy makers in three countries 
to compensate rice producers for rice prices which 
were Kept artificially low. Second, relatively little 
empirical information is provided on consumption ef- 
fects; it would have been useful to discuss urban-ru- 
ral tradeoffs in terms of four groups: urban and rural 
poor and urban and rural wealthy. Third, it is these 
latter two groups that usually vie for political influ- 
ence along with the public bureaucracy, the military, 
and international interests; a short summary of the 
mechanisms through which the political system in each 
of these countries mediates these competing concerns 
would have been helpful. 
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The strength of the book lies in the wealth of in- 
formation that is contained in the six country studies, 
which organize and summarize past research (often 
the author’s own research) on a broad range of coun- 
try-specific food price policy issues. Each chapter 
provides a valuable reference for persons interested 
in food policies in that country. The Indonesian chap- 
ter is exemplary in its even treatment of the large 
number of factors that can bear upon food policy for- 
mation, blending theory and empirical evidence into 
a compelling, understandable story despite its com- 
plexity. The Korean chapter is also noteworthy for 
the persuasive empirical evidence that it presents in 
measuring the costs of agricultural protection and for 
its elucidation of why particular policies emerge from 
the political process. 


Howarth E. Bouis 
International Food Policy Research Institute 
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Area-Yield Crop Insurance 


Reconsidered 


Mario J. Miranda 


One of the more promising proposals for reforming the federal crop insurance program 
calls for both premium rates and indemnities to be based not on the producer’s . 
individual yield but rather on the aggregate yield of a surrounding area. Area-yield crop 
insurance can provide more effective yield-loss coverage than individually tailored 
insurance, without most of the adverse selection and moral hazard problems that have 
historically undermined the actuarial performance of the federal crop insurance program. 


Key words: crop insurance, optimal hedging, risk and uncertainty. 


When the Federal Crop Insurance Act of 1980 
was signed into law, policy makers envisioned 
a crop insurance program that would ultimately 
operate on a near actuarially sound basis with 
limited government financial assistance. Be- 
tween 1980 and 1988, however, government 
outlays for the federal crop insurance program 
exceeded 4.2 billion dollars, accounting for over 
80% of the total indemnities paid to producers. 
The loss ratio, indemnities paid to producers di- 
vided by premiums collected from producers, 
averaged 2.05, well in excess of the approxi- 
mate 0.95 level generally regarded as necessary 
for break-even insurance operations (U.S. 
GAO).' The poor actuarial performance of the 
federal crop insurance program and its failure to 
attract producer participation has led to dissat- 
isfaction with the program, including calls for 
the repeal of the 1980 act and elimination of 
federal crop insurance.’ 

Under the provisions of the 1980 act, crop in- 
surance is marketed primarily through private 
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| If government premium subsidies are included in the total pre- 
mium payment, as is common practice, the loss ratio would be 
1.57. Excluding the subsidies, as occurs here, provides a better 
measure of the current program’s failure to operate on an actuarially 
sound basis. The 0.95 loss ratio target assumes that a loading factor 
of 5% is sufficient to cover administrative expenses. 

? The Bush administration’s 1990 farm bill proposal calls for re- 
peal of the Federal Crop Insurance Program and replacing it with 
a standing disaster assistance program. 


insurance agents and brokers. The 1980 act au- 
thorized the Federal Crop Insurance Corporation 
to subsidize producer premium payments and to 
reimburse participating private insurance com- 
panies for their administrative expenditures and 


‘part of their underwriting losses. Federal crop 


insurance, which is available for over fifty crops, 
covers all natural risks, including unavoidable 
losses from drought, excessive rain, and storm 
damage. An agricultural producer can purchase 
individualized coverage for either 50%, 65%, or 
75% of the normal yield, and at one of three 
different price elections. If the producer’s yield 
falls below the elected coverage level, he re- 
ceives, per insured acre, an indemnity equal to 
the yield shortfall times the elected price level. 
The failure of the federal crop insurance pro- 
gram to operate on an actuarially sound basis 
can be attributed to the problems inherent in 
trying to tailor coverage to individual yield-loss 
experience. The most serious of these problems, 
adverse selection, arises because producers are 
better informed about the distribution of their 
own yields and thus are better able to assess the 
actuarial fairness of their premiums than the in- 
surer, who lacks access to reliable individual yield 
data and other relevant information (Skees and 
Reed). Producers who recognize that their ex- 
pected indemnities exceed their premiums are 
more likely to purchase coverage than those 
whose premiums are actuarially high. As a re- 
sult, the insurer’s expected indemnity outlays 
exceed total premium income, and, in the long 
run, the insurance operation loses money. Ef- 
forts by the insurer to avoid these losses by rais- 
ing premiums only result in a smaller and more 
adversely selected pool of participants. 
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Other problems associated with individual-yield 
crop insurance include high administrative costs 
and moral hazard. Record keeping and other man- 
power requirements needed to verify individual 
production histories and to adjust individual 
yield-loss claims raise insurer expenditures and 
impose transactions costs on participating pro- 
ducers. Moral hazard occurs when producers, 
after purchasing insurance, alter their produc- 
tion practices in a manner that increases their 
chances of collecting an indemnity (Chambers, 
Nelson and Loehman). In order to combat moral 
hazard, federal crop insurance requires a de- 
ductible of at least 25% of the producer’s nor- 
mal yield. This provision limits the coverage 
provided by the insurance and reduces its value 
to the individual producer. 


Area-Yield Crop Insurance 


The fundamental problems that accompany in- 
dividual-yield crop insurance have been known 
since the early days of the federal crop insur- 
ance program. Halcrow, in his 1949 evaluation 
of the effectiveness of the federal crop insurance 
program’s first decade of operation, concluded 
that indtvidual-yield crop insurance “will work 
in a satisfactory manner only under a system of 
conditions so exacting in their specification that 
they will be found to a rather limited extent in 
American agriculture” (p. 476). 

In his paper, Halcrow promoted an alternative 
crop insurance scheme in which both indemni- 
ties and premiums would be based not on a pro- 
_ducer’s individual yield but rather on the aggre- 
gate yield of a surrounding geographical area. 
Under a so-called area-yield plan, a participat- 
ing producer would receive, in any given year, 
an indemnity equal to the difference, if positive, 
between the area yield and some predetermined 
critical yield level. Every participating producer 
in a given area would receive the same indem- 
nity per insured acre, regardless of his own crop 
yield, and therefore would pay the same pre- 
mium rate.” 

Area-yield crop insurance offers numerous 


? The program examined in this paper should not be confused 
with the Federal Crop Insurance Corporation’s practice prior to 1981 
of writing coverage provisions using area yield data while basing 
indemnities on individual yield experience. We adopt Halcrow’s 
original usage of the term “area-yield” to refer to a program in 
which coverage, premiums, and indemnities are all based on area 
yield experience. 
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advantages over individual-yield crop insur- 
ance. Because information regarding the distri- 
bution of the area yield is generally available 
and more reliable than information regarding the 
distributions of individual yields, insurers could 
more accurately assess the actuarial fairness of 
premiums under an area-yield policy, thereby 
s.gnificantly reducing adverse selection prob- 
lems.* Moreover, because the indemnities would 
be based on the area yield rather than the pro- 
ducer’s yield, a producer could not significantly 
increase his indemnity by unilaterally altering 
his production practices. Thus, under an area- 
yield insurance program, moral hazard essen- 
tially would be eliminated. Administrative costs 
would also be substantially reduced under an area- 
yield program because claims would not have to 
bə adjusted individually and verification of in- 
dividual production histories would no longer be 
required. 

In the following sections, a theoretical frame- 
work for evaluating the effectiveness and equity 
of area-yield crop insurance is developed and 
adplied to western Kentucky soybean producers 
in an empirical illustration. Several questions are 
addressed: How efficiently, relative to individ- 
ual-yield crop insurance, does area-yield crop 
insurance cover individual yield risk? How does 
the risk reduction effectiveness of area-yield crop 
insurance vary across producers? How can a 
producer optimize coverage under an area-yield 
plan? The article concludes with recommenda- 
tions on hew area-yield crop insurance might be 
implemented. 


Theoretical Analysis 


Consider a producer i whose yield ý; is random 
due to the uncertain effects of weather and other 
natural phenomena. Suppose the producer op- 
erates in an area where the average yield across 
al farms is f. By orthogonally projecting the 
producer’s individual yield f; onto the area yield 
ý, an identity that relates the two is obtained: 


(2) i = Bit Bie (F e) + &. 


4 These include intertemporal adverse selection problems, which 
arise under the current program when producers make participation 
decisions based on information that they hold privately at planting 
time, such as the soi] moisture levels on their own land. 

$ In its recent study, the Commission for the Improvement of the 
Federal Crop Insurance Program cites many of these advantages 
and recommends that an area-yield crop insurance pilot program be 
implemented on an experimental basis in selected areas. 
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Here, 

(2) B: = Colf 9)/05 

G) E&=0 Var(é) = 0% Cov(¥, &) =0 
(4) EŞ; = p; Vaf) = 95, 

(5) Ey = Va) = 95. 


The coefficient 8; measures the sensitivity of the 
producer’s individual yield to the systemic fac- 
tors that affect the area yield. Equation (1) de- 
composes individual yield variation into a sys- 
temic component 8;-(¥ — m) that is perfectly 
correlated with the area yield and a nonsystemic 
component é; that is uncorrelated with the area 
yield. 

Suppose that the producer is offered area-yield 
crop insurance in which the indemnity and the 
premium are both denominated in production 
units, say, bushels per acre.° The producer pur- 
chases coverage at a premium rate of a bushels 
per acre. If the area yield ý subsequently falis 
below a critical yield level y,, he receives an 
indemnity ñ, in bushels per insured acre, equal 
to the shortfall: 


(6) ñ = max(y, — y, 0). 


Assume that the premium 7 is actuarially fair; 
that is, it is equal to the expected indemnity En.’ 

With area-yield crop insurance, the produc- 
er’s net yield equals 


(7) yy Hy, +A- a, 


and his yield risk, as measured by the variance 
of the net yield, equals 


(8) Vargi) = 05, + o3 + 2-Cov(¥, A), 


where o% = Var(f) is the variance of the in- 
demnity. By acquiring area-yield insurance, the 
producer thus reduces his yield risk by an amount 


(9) A; = Var(y,) — Var(¥i") 
= —o; — 2-Cov(¥i, A). 


© Although straightforward, generalizing the model to account for 
price variation would undermine the clarity of the exposition while 
providing little additional insight into the structure of area-yield in- 
surance. 

7 Assuming that the premium is actuarially fair allows us to eval- 
uate the insurance coverage solely in terms of its variance reduc- 
tion, provided we further assume, if only as a first-order approxi- 
mation, that producers are mean-variance utility maximizers. Meyer 
has shown that mean-variance decision models are consistant with 
expected-utility maximization under much weaker behavioral re- 
strictions than had previously been thought. 
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Assume now that the individual nonsystemic 
yield component € and the area yield ¥ are con- 
ditionally independent (a mild assumption given 
that they are uncorrelated by definition). Then 
the individual nonsystemic yield component €; 
and the indemnity fi are uncorrelated, and it fol- 
lows from (1) that 


(10) Cov(y,, 1) = P; Cov(y, A). 
Defining 
(11) B, =~ ian 

2+ Cov(y, A) 


and substituting (10) into (9), the risk reduction 
obtained from area-yield insurance can be re- 
written as follows: 


(12) 


We refer to B, as the critical beta. Because 
the area-yield y and the indemnity A are nega- 
tively correlated, B, > 0. Moreover, because the 
critical beta B, and the variance of the indemnity 
oĉ are determined by the distribution of the area 
yield ý and the critical yield y., they are invari- 
ant among producers within a given area. It thus 
follows from (12): 


PROPOSITION 1. For a given critical yield y,, 
the risk reduction obtained by producer i from 
area-yield insurance is completely determined 
by, and is positively related to, his individual 
beta, Bi. 


It also follows from (12) that: 


PROPOSITION 2. Area-yield insurance is risk 
reducing for producer i if and only if Bi > Be 
that is, if and only if his individual beta exceeds 
the critical beta. 


Thus, producers with high B;’s can expect sig- 
nificant reduction in yield risk from purchasing 
area-yield insurance, whereas those with low £,’s 
may actually find that area-yield insurance is risk 
augmenting. A characterization of ß; that is 
helpful in understanding the significance of the 
above results is given by 


(13) 


where p; is the coefficient of correlation between 
producer i’s yield ý; and the area yield ý. As an 
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immediate consequence of proposition 1 and (13) 
we have: 


PROPOSITION 3. Ceteris paribus, the more 
highly correlated a producer's yield is to the area 
yield, the greater the risk reduction that the pro- 
ducer can obtain from area-yield insurance. 


PROPOSITION 4. Ceteris paribus, the higher a 
producer’s yield variance, the greater the risk 
reduction that the producer can obtain from area- 
yield insurance. 


To ascertain how the risk reduction obtained 
from area-yield insurance varies across produc- 
ers within a given area, we must determine how 
the 6; are distributed within the area and how 
the critical B, varies with the critical yield y.. 
Although definitive answers to both of these 
questions can only be obtained empirically, some 
light can be shed from theoretical consider- 
ations. 

Consider first the distribution of the B; s. If 
œ; denotes the proportion of total acreage in the 
area planted by producer i, then, by definition, 
2w; = 1 and Zw; y; = f, so that 


(14) 2, w;* Cov( f, 9) = cor S 0; ` Vis s) 


= Cov(y, ý) = oS. 
Dividing both sides by ø% and using (2), it fol- 


lows that 
> @;° B= 1. 


(15) 
Thus, the acreage weighted average of the £; 
within any area is always one. The dispersion 
of the 8; and the skewness in the their distri- 
bution, on the other hand, may vary among re- 
gions and ultimately can- only be determined 
empirically. Intuition suggests that the more ho- 
mogenous are the soil and climatic conditions 
faced by producers in a given area, the more 
closely the 8;s will cluster around one. 

Under mild regularity conditions, the critical 
beta 8. is an increasing function of the critical 
yield y,.° In general, it can be shown that’ 


(16) 0 = B, = 0.5, and 
(17) lim B,=0.0 and lim B, = 0.5. 
Yoo veo 


® The regularity condition holds for reasonable parameterizations 
of the lognormal and beta distributions often used to describe yield 
distributions and has been verified for the empirical distributions 
of 1974-86 U.S. soybean yields for all U.S. soybean-producing 
counties. 

? Formal proofs of (16) and (17) are available from the author 
upon request. 
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It thus follows from proposition 2 that area-yield 
insurance will be risk reducing for any producer 
i from whom f; > 0.5. Since the average B; 
within an area is 1, most producers should find 
area-yield insurance risk reducing. Area-yield 
insurance is definitively risk augmenting only if 
B: = 0, that is, only if a producer’s yield is neg- 
atively correlated with the area yield. If 0 < B; 
= 0.5, area-yield insurance may or may not be 
risk reducing, depending on the critical yield level 
Ya the higher the critical yield y,, the more likely 
that area-yield insurance will be risk reducing. 
Until now, we have implicitly assumed that 
producers cover exactly 100% of their acreage 
when they purchase crop insurance. Suppose now 
that producer i is free to elect a coverage level 
@; that may be more or less than 100%. At this 
coverage level, producer 7’s net yield is 


(18) . yw =j t hr orn 


and the risk reduction obtained from area-yield 
insurance is 


(19) 4; = Var( 5) ~ Var(ye") 
= ~$)-0%— 2-b; Cows, À). 


Substituting (10) into (19), the risk reduction can 
be rewritten more conveniently 


2 Bi | 
A; = ra |r h Gj |. 
F a 


Cc 


(20) 


Maximizing this expression with respect to the 
coverage level, it follows that: 


PROPOSITION 5. If the coverage level is op- 
tional under an area-yield plan, then producer 
i minimizes his yield risk by selecting a cover- 
age level 


B 
pe 

Thus, if the producer is free to choose his 
coverage level, save that it be positive, he can 
reduce his yield risk using area-yield insurance 
if and only if his beta is positive, that is, if and 
only if his yield is positively correlated with the 
area yield. In this case, since the critical beta 8, 
rises with the critical yield y,, the producer’s op- 
timal coverage level will fall with the critical 
yield. Since the critical beta 8, is bounded above 
by one-half, the producer’s optimal coverage level 
will approach but will never drop below £;. And 
thus, since the average £; is 1, one can expect 
that coverage in excess of 100% will be optimal 
for a significant portion of, if not most, pro- 
ducers. 


(21) y= 
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Substituting (21) into (20) and aoe gives 
the following result: 


PROPOSITION 6. If the coverage level is op- 
tional, then the maximum risk reduction that 
producer i can obtain from area-yield insurance 
is 


(22) AF = p°: Bi o$, 


where p is the correlation coefficient between 
the indemnity A and the area yield ý. 

Because the area yield ¥ and the individual 
nonsystemic yield component €; are uncorre- 
lated, it follows from (1) that 


(23) oF = fB- T5 + a. 


That is, yield risk without crop insurance can be 
decomposed into a systemic component Bi oS 
and a nonsystemic component o2;. Since 0 = P 
= 1, proposition 6 implies that area-yield crop 
insurance, in effect, eliminates a portion of sys- 
temic yield risk faced by the producer but none 
of the nonsystemic yield risk. Since p° is in- 
variant across producers, it follows that: 


PROPOSITION 7. If the coverage level is op- 
tional, then the maximum risk reduction that can 
be obtained from area-yield insurance, as a 
proportion of systemic yield risk, is the same for 
every producer. 


Empirical Application 


We now illustrate how area-yield crop insurance 
might perform in practice using individual farm- 
level yield data for 102 western Kentucky soy- 
bean producers. '° The producers are assumed to 
comprise the entire population of the “area” in 
which area-yield crop insurance is offered. All 
performance estimates are derived directly from 
the empirical yield distributions; a parametric 
distribution is not fitted to the data. 

Table 1 shows how the critical beta for the 
102-farm area varies with the level of the crit- 
ical yield. Critical yields are expressed both in 
bushels per acre and as a percentage of the nor- 
mal or expected area-wide yield of 30.7 bushels 
per acre. As seen in table 1, the critical beta 
rises as the critical yield is increased. For suf- 
_ ficiently low critical yields, the critical beta 


' The yield data, which were provided by Jerry Skees of the 
University of Kentucky, cover the period 1974—88 and were ad- 
justed for secular trends to reflect 1988 production levels. 
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Table 1. Critical Beta, Per-Acre Premium, 
and Average Optimal Coverage Under an 
Area Yield Plan, Selected Critical Yields 





Critical Yield Average 


Optimal 


Percent Bushels Critical Premium Coverage 
of Normal per Acre Beta (bu. /acre) (%) 
60 18.4 0.00 0.00 
65 20.0 0.04 0.06 1329 
70 21:5 0.10 0.17 506 
75 23.1 0.16 0.27 312 
80 24.6 0.22 0.37 ART 
85 26.1 0.25 0.60 198 
90 27.7 0.28 0.96 178 
95 29.2 0.31 1.47 160 
100 30.7 0.36 2.04 138 
105 32:3 0.41 2.77 123 
110 33.8 0.44 3.70 112 
115 35.4 0.48 4.80 104 
120 36.9 0.50 6.18 101 
125 38.4 0.50 7.69 100 


achieves its theoretical minimum of zero and, 
for sufficiently high critical yields, achieves its 
theoretical maximum of one-half. 

Table 1 also shows that the actuarially fair 
premium under a full coverage area-yield plan 
(or, equivalently, the expected per-acre indem- 
nity) rises with the critical yield level. For suf- 
ficiently low critical yields, area-yield insurance 
is completely ineffective and the fair premium 
is zero; for sufficiently high critical yields, a one 
bushel increase in critical yield simply raises the 
expected indemnity, and therefore the fair pre- 
mium, by the same amount. 

Table 1 also shows how the optimal level of 
coverage under an optional area-yield plan var- 
ies with the critical yield level. Because the op- 
timal coverage level varies among producers, 
only the average coverage level across produc- 
ers is reported. For example, given a critical yield 
equal to 90% of normal, producers, on average, 
minimize their yield risk by purchasing cover- 
age for 178% of their acreage. That is, on av- 
erage, producers minimize their yield risk by 
purchasing insurance for 78% more acreage than 
they actually plant. If the critical yield is set too 
low, area-yield insurance will be ineffective and 
the optimal coverage level will be zero. If the 
critical yield is set sufficiently high, the average 
optimal coverage level will equal 100%. In in- 
termediate cases, the average optimal coverage 
level exceeds 100% and falls as the critical yield 
rises. 

Figure 1 shows the distribution of individual 
betas for the 102 producers comprising the area 
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Beta Range 


> 1.9 
1.7-1.9 
1.6-1.7 
1.3-1.6 
1.1-1.3 
0.9-1.1 

0.7-0.9 
0.5-0.7 
0.3-0.6 
0.1-0.3 
< 0.1 


0.00 0.06 


Figure 1. 


population. The distribution of the betas pos- 
sesses a regular, bell shape which is centered on 
one and exhibits no discernable skewness. Of 
the 102 producers in the sample, 5 have betas 
falling below 0.28, the critical betas for a full 
coverage area-yield plan with a critical yield equal 
to 90% of normal; for those individuals, a full 
coverage area-yield plan would offer no protec- 
tion against yield risk. Of the 5 producers, how- 
ever, 4 have positive betas, indicating that they 
would abtain some yield risk reduction from an 
area-yield plan if they could select their levels 
of coverage optimally." 

We now turn to a comparison of specific ver- 
sions of an individual-yield plan (TYP) and full 
coverage and optimal coverage area-yield plans 
(AYP). Under the TYP, each producer is as- 
sumed to choose a yield guarantee equal to 75% 
of his normal yield, the highest yield election 


U The 102 farms in the sample are spread over a twenty-county 
area. Participants in an AYP implemented on a county level would 
likely be more homogenous with respect to soil and climatic con- 
ditions and thus should exhibit less dispersion in their individual 
betas. One would therefore expect an AYP to perform better than 
is indicated in this empirical application. 


0.16 
Relative Frequency 
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0.16 0.20 0.26 


Frequency distribution of individual producer betas 


level available under the current Federal Crop 
Insurance Program. Under the IYP, whenever a 
producer’s own yield falls below 75% of his 
normal yield, he receives an indemnity equal to 
the shortfall. 

Under the full coverage AYP, as under the 
IYP, each producer purchases coverage for ex- 
actly 100% of his acreage. The critical yield un- 
der the full coverage AYP is set at 88.5% of the 
normal area yield, indicating that whenever the 


` area yield falls below 88.5% of normal, each 


producer, regardless of his own yield, receives 
an indemnity equal to the shortfall in the area 
yield. A critical yield of 88.5% assures, though 
only for the present empirical application, that 
the fair premium paid by each producer under a 
full coverage AYP is equal to the average fair 
premium paid by producers under the 75% TYP.” 

Under the optimal coverage AYP, producers 
choose their level of coverage and are assumed 


Since individual yields tend to be more variable than the ag- 
gregate area yield, an individual yield plan with a given yield guar- 
amtee will pay an indemnity more often and thus will require a 
higher premium than an area-yield plan whose critical yield is the 
seme. 
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to do so in a manner that minimizes their yield 
risk. The critical yield under the optimal cov- 
erage AYP is assumed to equal 95% of the nor- 
mal area yield, indicating that whenever the area 
yield falls below 95% of normal, each producer, 
regardless of his own yield, receives an indem- 
nity equal to the shortfall in the area yield times 
his elected level of coverage. . 

Table 2 shows the actuarially fair premium 
rates per planted acre under the [YP and the two 
AYPs for selected producers.'* Under the IYP, 
fair premiums are based on individual yield ex- 
perience and thus vary among producers. Under 
a full coverage AYP, the premium is based on 
the area yield experience and thus is the same 
for all producers. Under both the TYP and full 


3 Because of adverse selection and heavy government subsidi- 
zation, most producers under the current crop insurance program 
pay premiums that are significantly less than their expected indem- 
nity. 
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coverage AYP, the average premium paid by 
producers is 0.83 bushels per planted acre, about 
2.7% of the normal area yield. Under the op- 
tional coverage AYP, the optimal level of cov- 
erage per planted acre, and thus the fair pre- 
mium, varies among producers. The average 
optimal coverage level across producers is 160%; 
the additional coverage raises the average pre- 
mium paid by producers to 2.35 bushels per 
planted acre. | 

Table 3 gives the percentage reduction in in- 
dividual yield risk for selected producers under 
the three alternative crop insurance plans. As seen 
in the table 3, risk reduction is greater, on av- 
erage, under the optimal coverage AYP than un- 
der either the IYP or the full coverage AYP. 
Under the optimal coverage AYP; the average 
risk reduction is about 39.1%. In contrast, the 
IYP reduces risk by 30.8% on average and the 
full coverage AYP by 22.4%. 

The relative performance of the three pro- 


Table 2. Crop Insurance Premium Under an Individual-Yield Plan, Full Coverage Area- 
Yield Plan, and Optimal Coverage Area-Yield Plan, Selected Producers 


Normal 

Number Beta Yield’ 
1 2.03 22.5 
5 1.84 26.5 
9 1.67 29.6 
13 L351 30.1 
17 1.41 25.8 
21 1.32 26.2 
25 1.28 32.7 
29 1.23 25.9 
33 1.18 27.6 
37 1.15 20.9 
41 1.08 27.8 
45 1.06 27.3 
49 1.00 32.3 
53 0.98 34.8 
57 0.95 27.1 
61 0.91 33.0 
65 0.87 28.9 
69 0.85 27.2 
73 0.83 28.7 
p 0.79 33.2 
81 0.71 23.2 
85 0.64 28.3 
89 0.56 35.2 
93 0.53 18.7 
97 0.33 40.4 
101 0.27 42.5 
Avg. 1.00 30.7 


Premium in Bushels per Planted Acre 


Full Optimal 
Individual Coverage Coverage 
Plan Area Plan Area Plan 
2:21 0.83 4.77 
2.49 0.83 4.33 
1.82 0.83 3.92 
1.53 0.83 3.55 
1.60 0.83 3.30 
1.55 0.83 3:11 
0.78 0.83 2.99 
1.34 0.83 2.88 
1.21 0.83 2.76 
1.27 0.83 2.69 
0.70 0.83 2:53 
1.52 0.83 2.48 
1.09 0.83 2.36 
0.96 0.83 2.30 
0.42 0.83 2.24 
0.33 0.83 2.13 
0.97 0.83 2.03 
0.51 0.83 1.99 
0.22 0.83 1.94 
0.39 0.83 1.86 
0.76 0.83 1.66 
0.43 0.83 1.50 
0.03 0.83 1.31 
0.98 0.83 1.25 
1.57 0.83 0.78 
0.80 0.83 0.63 
0.83 0.83 2:35 


Note: “Selected producers” indicates every fourth producer in order of descending beta value. 
* Average detrended yield, 1974-88, bushels per are, 1988 equivalent. 
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Table 3. Yield Variance Reduction Under an Individual-Yield Plan, Full Coverage Area- 
Yield Plan, and Optimal Coverage Area-Yield Plan, Selected Producers 





Yield 

Number Beta Variance’ 
i 2.03 136.4 
5 1.84 130.6 
9 1.67 112.8 
13 1.51 82.5 
17 1.41 97.2 
2i 1.32 74.1 
25 1.28 45.6 
29 1.23 63.4 
33 1.18 56.9 
37 1.15 58.1 
41 1.08 54.7 
45 1.06 94.1 
49 1.00 82.5 
53 0.98 64.9 
57 0.95 34.1 
61 0.91 29.8 
65 0.87 55.2 
69 0.85 29.2 
73 0.83 34.1 
77 0.79 25.9 
81 0.71 57.9 
85 0.64 31.4 
89 0.56 40.7 
93 0.53 42.8 
97 0.33 136.8 
101 0.27 65.7 
Average 1.00 56.5 


Note: See note, table 1. 
* Variance measured in bushels per acre squared. 


grams varies among producers. Table 3 con- 
firms that producers with the highest betas tend 
to enjoy the greatest relative risk reduction un- 
der the optimal AYP, whereas producers with 
the highest yield variances tend to enjoy the 
greatest relative risk reduction under the IYP. 
The correlation coefficient betwéen the risk re- 
duction obtained under the TYP and that ob- 
tained under the optimal AYP is only 0.06, in- 
dicating little relation between the risk reduction 
benefits from one program as compared to the 
other. Both small and large producers will tend 
to prefer the optimal AYP to the IYP, but the 
latter appear to enjoy the greatest benefit from 
moving to the optimal AYP from the TYP. For 
the largest twenty-three producers, who account 
for half the acreage planted, the optimal AYP 
offers an average risk reduction of 40.1% and 
the TYP an average of 28.8%. For the smallest 
seventy-eight producers, the optimal AYP of- 
fers an average risk reduction of 37.3% and the 
IYP an average of 32.7%. 


Percent Variance Reduction 


Full Optimal 

Individual Coverage Coverage 

Pian Area Plan Area Plan 
37.9 20.5 57.3 
50.4 19.2 49.3 
49.4 19.7 46.7 
45.7 23.9 52.5 
35.0 18.5 38.4 
45.0 22.6 44.8 
39.3 35.0 67.5 
44.0 23.9 44.9 
45.0 23.2 45.8 
43.6 23.9 42.6 
27.6 23.4 40.1 
38.9 13.2 22.4 
43.8 14.1 23.1 
37.8 17.3 28.0 
20.6 Sh c7 50.4 
24.2 34.0 52.6 
40.3 17.1 25.7 
35.6 31.3 46.6 
11.6 25.9 38.0 
34.3 31.9 45.8 
24.0 11.9 16.4 
24.9 18.4 24.5 
L2 11.1 14.5 
44,3 9.6 12.5 
34.8 0.7 1.5 
41.3 —0.2 2:1 
30.8 22.4 39.1 


Additional Considerations 


Strictly speaking, an AYP is not a true insur- 
ance program since payments to producers are 
not based on their own specific yield losses. In- 
stead, an AYP is more accurately described as 
z hedging instrument. Specifically, an AYP is 
like a put option in which the critical yield plays 
the role of the strike price. More precisely, be- 
cause each individual’s yield is a constituent of 
the area yield, an AYP offers a hedge against 
individual yield-loss in the same way that an op- 
tion on a stock futures index offers a hedge 
against the price risk of holding one of the stocks 
in the index." 

While characterizing the AYP as a hedging 


With slight modification, many of the results in this paper gen- 
eralize to crop insurance schemes in which indemnities are based 
on weather variables such as rainfall or temperature. Such schemes 
have been proposed in the past (Sanderson, Lee) but have failed to 
gain acceptance among policy makers. 
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instrument helps put the form and function of 
the AYP into perspective, it also points to some 
difficulties that may arise in having the program 
accepted by producers. Given that producers are 
notorious for shunning options and futures mar- 
kets as means of hedging price risk, it is likely 
that an AYP would not automatically enjoy 
widespread acceptance among producers as a 
means of hedging yield risk. Ultimately, to 
achieve high rates of participation, AYPs may 
have to be subsidized or made a cross-compli- 
ance provision of government commodity sta- 
bilization programs. 

Should producers be free to select their cov- 
erage levels under an AYP, and how high should 
the critical yield level be set? These two im- 
portant questions regarding the implementation 
of an AYP are closely related. Under an TYP, a 
deductible, or equivalently, a yield guarantee well 
below the producer’s normal yield, is necessary 
to guard against the moral hazard; for the same 
reason, coverage levels exceeding 100% of 
acreage planted cannot be permitted. Under an 
AYP, however, moral hazard is essentially 
eliminated; only through illegal and widespread 
collusive action by producers could the area yield 
be significantly reduced.” Accordingly, op- 
tional coverage levels and high critical yields are 
feasible under an AYP. Since, as shown above, 
producers can reduce yield risk by choosing 
coverage levels in excess of 100%, it seems sen- 
sible that coverage levels be optional under an 
AYP. In addition, because the risk reduction 
under an optimal AYP rises for all individuals 
as the critical yield is increased, a high critical 
yield level is indicated. 

The higher premiums that producers would pay 
under an AYP for increased coverage and a higher 
critical yield need not be a major concern to pro- 
ducers: if the premium is actuarially fair, then 
producers can expect to recover the higher pre- 
mium through higher indemnities while enjoy- 
ing the benefits of reduced yield risk. There are, 
however, some potential problems that the gov- 
ernment may face if critical yield levels are high 
and optional coverage is permitted under an AYP. 
First, coverage levels in excess of 100% and 
critical yields in excess of the normal yield would 
be difficult to rationalize politically, particularly 
if the AYP is promoted as an insurance pro- 
gram. Second, higher critical yields and cov- 





'S A collusive arrangement would be difficult to sustain since a 
noncolluding producer could maximize his individual yield and still 
obtain the benefits of the higher indemnity brought about by the 
actions of the colluding producers. 
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erage levels would raise the level and variability 
of total indemnity outlays. Thus, whether the 
government acts as a direct insurer or reinsurer, 
substantial yield risk could ultimately be trans- 
ferred to the government, raising the variability 
of federal budgetary outlays. 

Risk reduction under an optimal AYP varies 
among producers, raising questions about the 
equity of such a program. Recall, however, that 
an optimal coverage AYP would reduce sys- 
temic yield risk in the same proportion for all 
producers. If areas are defined so as to be ho- 
mogenous with regard to soil and climatic con- 
ditions, then nonsystemic yield risk would be 
attributable almost exclusively to producer-spe- 
cific factors such as choice of production prac- 
tice. It is arguable, therefore, that the proper goal 
for a government crop insurance program should 


_ be the reduction of systemic risk, not total risk; 


otherwise, the program would promote a mis- 
allocation of societal resources by encouraging 
risky production. Thus, if areas are properly de- 
fined, an optimal coverage AYP will be equi- 
table in a socially meaningful way. 

Because of the abundance of reliable histor- 
ical yield data and the pre-existence of admin- 
istrative structures, the most practical definition 
of area under an AYP will likely be the county. 
If the AYP is administered on a county basis, 
the maximum efficacy and equity of the AYP 
will be achieved in counties that are homoge- 
nous with regard to soil and climate. In some 
regions, however, area boundaries that cut across 
established county lines may be needed for the 
AYP to function well. Regardless of how areas 
are determined, however, it is conceivable that 
some producers will find the yield of an adja- 
cent area more representative of their own in- 
dividual yields. In such cases, the producers 
would improve their coverage by participating 
in the AYP of the adjacent area and thus should 
not be discouraged from doing so. 


Concluding Comments 


An individual producer’s total yield risk can be 
decomposed into a systemic component that is 
explained by factors affecting all producers in 
his area and a nonsystemic residual component. 
Individual-yield crop insurance, such as the one 
currently underwritten by the federal govern- 
ment, covers total individual yield risk but is 
limited in its effectiveness by the large deduct- 
ibles that must be imposed in order to combat 
moral hazard. Area-yield crop insurance would 
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cover only systemic individual yield risk but 
would also be free of moral hazard and thus 
would not require large deductibles or limits on 
coverage levels. For most producers, the im- 
proved coverage of systemic yield risk obtained 
through lower deductibles and higher coverage 
under an area-yield plan would outweigh the 
nonsystemic yield risk protection provided by 
an individual-yield plan. That is, for most pro- 
ducers, area-yield insurance would provide bet- 
ter overall yield risk protection than individual- 
yield insurance. 

Because information pertaining to the distri- 
bution of an area yield is not privately held and 
is generally available, the asymmetric infor- 
mation problems that have given rise to adverse 
selection under the current federal crop insur- 
ance program would be significantly reduced 
under an area-yield program. The reduction of 
adverse selection and the virtual elimination of 
moral hazard would significantly improve the 
actuarial performance of the federal crop insur- 
ance program. Moreover, because verification 
of individual production histories and adjust- 
ment of individual yield-loss claims would not 
be necessary under an area-yield program, an 
area-yield crop insurance program would be less 
expensive to administer. 

The evidence presented in this paper suggests 
that area-yield crop insurance should receive se- 
rious consideration as an alternative to the cur- 
rent crop insurance program. At the very least, 
area-yield crop insurance should be examined 
on an experimental basis with long-term pilot 
programs established for regions where tradi- 
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tional crop insurance has historically performed 
poorly. 


[Received February 1990; final revision 
received June 1990. ] 
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Scientific Principle and Practice in 
Agricultural Economics: An 


Historical Review 


Harold F. Breitmyer 


Ever since their field of learning took its own identity, agricultural economists have 
seen themselves as dedicated to the scientific principle. In early years that commitment 
was trusted as a guard against human fallibility, and the more so as the first 
investigations relied heavily on statistical data and analyses—supposedly bias-free. Thus 
originated a lasting emphasis on the quantitative. A need for underlying economic 
principles, recognized at once, was developed in depth beginning in the 1950s. 
Research taxonomies, outlined in the 1920s, devolved later into an array of research 
methods. Scientific practice is viewed also as how scientists “behave,” and writings 
about agricultural economists’ record are couched in terms of values, objectivity, ethics. 
Despite just claims to systematic rigor, science responds also to unsystematic elements, 
among them imagination and hunch. Most engaging in literature are never-ending 
exchanges about the merits of mathematics and model building. 


Key words: research methods, scientific principle. 


Agricultural economists are diverse and can be 
disputatious, but they have one common bond. 
They see themselves as functioning in the realm 
of science and dedicated to the scientific prin- 
ciple. 

It is, therefore, something of an anomaly that 
in the annals of their discipline, inquiries into 
the meaning of that principle and its signifi- 
cance to their field are reported only episodi- 
cally. It is as though, having embraced the doc- 
trine of science, practitioners in agricultural 
economics have felt little need to meditate on 
how their endeavors fit into the schema of learn- 
ing known as science, or even to ponder what 
that schema means. Nor do they anguish over 
what constraints are thereby placed on them. 

With a slight literary license the history of ag- 
ricultural economics can be said to be a se- 
quence of counting, correlation, and economet- 
rics. The early years of collection of data were 
followed by a decade of fascination with cor- 
relation and then by a long dedication to econo- 
metrics with all its model building and intricate 
statistical analysis. There may be whimsy in the 
lexicography of the three terms, which are of 
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Middle English, Latin, and Greek origins, re- 
spectively. Is the profession reverting to its roots? 

The earliest professional writing in agricul- 
tural economics had the simplest of themes. It 
was to “get the facts,” which in most instances 
were numerical. That focus led to a major em- 
phasis on data gathering, that proved also to be 
precedent setting as it established a lasting pre- 
dilection for quantitative analytical techniques. 

In 1963 Don Paarlberg scolded agricultural 
economists for their bent to quantify everything 
and omit the nonquantifiable (p. 1390). But 
quantitative studies continued to crowd non- 
quantitative ones out of the pages of the Amer- 
ican Journal of Agricultural Economics, partic- 
ularly the four quarterly issues. 

From the early emphasis on numbers, an in- 
ference can be drawn that has never vanished. 
Subtle and not citable as such in literature, it is 
a faith that the practices of the scientific world 
can be so impersonal and trustworthy as vir- 
tually to ensure against the perils of human fal- 
libility. 

Apparently, during the profession’s first years 
numbers were seen as pure and their message 
easily read. Statistical data were regarded as self- 
identifying as to their relevance and the inter- 
pretations to be drawn from them. The literature 
of perhaps the first quarter century reveals little 


Copyright 1991 American Agricultural Economics Association 


244 May 199] 


introspective thinking as to what premises or 
theories necessarily underlie the design of in- 
vestigatory research or bear on the analytical 
technique to be applied. It seems incredible that 
in the 1021 pages of the Taylors’ grand Story of 
Agricultural Economics (Henry and Anne Dew- 
ees), comments on research method are con- 
fined to the briefest of notes on five reports pub- 
lished by the Social Science Research Council. 
The fragments total scarcely more than a single 
page (pp. 161, 894, 963-64, 990, 1019-20). 

Analytically, during the 1920s the running of 
averages, frequency distributions, and simple 
cross-tabulations gave way as the mathematical 
technique of simple and multiple correlation took 
the profession by storm. Mordecai Ezekiel’s first 
writing in the Journal of Farm Economics ap- 
peared in 1923 (pp. 198—213). The Journal of 
the next year carries an article in which Henry 
Schultz demonstrates the applicability of mul- 
tiple correlation to a topic that has been copy- 
book for aspiring agricultural economists from 
that day to this, namely, the demand for beef 
(pp. 254-78). 

The faith that numbers will tell their own story 
without risk of economists’ fallibility was ex- 
tended to the new technique. It was a shock when 
Elmer Working pointed out, in a now-classic 
1927 article published in the Quarterly Journal 
of Economics, that price-quantity pairings do not 
even reveal whether a supply or a demand re- 
lationship is being described——the identification 
problem. 

Periodically since Working’s warning, some- 
one has reminded that there is an element of 
treachery to the coefficients that correlations 
produce so readily. In the 1941 and later edi- 
tions of his price analysis text, Geoffrey Shep- 
herd inveighs against failing to distinguish be- 
tween correlation and causation (1941, pp. 137- 
38). A. N. Halter rings the same bell and alleges 
that economists generally are unclear about cau- 
sation (1958, p. 1872). In his textbook Shep- 
herd adds a line, almost of apostasy, that “all a 
correlation coefficient shows is that if the figure 
is high the relationship is unlikely to be due to 
chance” (1941, p. 138). As recently as 1988 the 
correlation-causation issue resurfaced. Thurman 
and Fisher draw on barnyard examples of the 
chicken and the egg to treat, half-facetiously, 
weighty discourses on (alleged) causality in the 
macroeconomic world (p. 237). 

By the time econometric techniques appeared 
on the scene, the intellectual climate had changed. 
To be sure, some of the new enthusiasts with 
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antecedents from early years were quick to pin 
faith in the miracle-producing power of the new 
system. But by that time agricultural economists 
as a genre had become more sophisticated. What 
followed was a steady flow of exchanges that 
sometimes dipped into inelegant coinages such 
as GI-GO (garbage in—garbage out) but more 
often examined perceptively how numbers-han- 
dling or -manipulation is constrained by the pre- 
cepts of science and the scientific method. A 
vignette from writings about the econometric era 
is presented as an epilogue to this review. 

In pages that follow will be sketched the prin- 
cipal currents of thought as to the scientific prin- 
ciple in agricultural economics, dating from the 
profession’s earliest years. Sources are primar- 
ily the writings in this journal and its predeces- 
sors, together with selected other publications. 


The Meaning of Science, Place of Theory, 
and Taxonomy of Research Techniques 


The first page of the first issue of the Journal 
of Farm Economics carries an editorial promise 
that the new publication will “aim to be a seeker 
for and an expounder of the scientific facts... .” 
In the third issue, published the same year (1919), 
Richard T. Ely writes of the need for “an ag- 
ricultural society whose aim is scientific prep- 
aration for sound agricultural legislation” (p. 
109). Three years later W. J. Spillman, one of 
the early seminal thinkers, observes that “a sci- 
2nce of farm management [lies] hidden in the 
field” (p. 99). Thus Spillman and Ely, between ~ 
them, were concerned for science both in man- 
aging farms and enacting laws. 

But neither they nor their contemporaries ad- 
dressed the abstract meaning of science. Before 
long a number of journal writers began to nibble 
at the edge of the meaning of pure science. E. 
W. Allen must be credited with being the first 
contributor to the Journal of Farm Economics 
to take up the cudgel of the meaning of science 
to agricultural economics. “The aim of science 
is to discover order, something which occurs with 
regularity, represents a relationship, or may be 
2xpressed in a law.. . . Science assumes order 
and its task is to discover it” (p. 18). 

In 1956 Shepherd dipped briefly into the 
meaning of science and its bearing on research 
(pp. 8—14). It remained for Halter in 1958, 
however, to initiate a roundtable-by-rejoinder (a 
common pattern) on the topic. Halter found it 
necessary to begin with the definition of three 
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words, the first of them science, “meaning that 
type of mental activity” which satisfies the con- 
ditions of “orderly or systematic thinking” and 
“a definite subject-matter” (p. 1871). Two years 
later Halter wrote again, incurring Back’s rejec- 
tion of what he sees as Halter’s “purely me- 
chanical theory of human conduct” (1960, p. 
1474); whereupon Conklin contends that agri- 
cultural economists have overly “abstracted from 
flesh and blood men” and have done so as they 
“idolized Newtonian mechanical concepts as the 
acme of science. . . .” He calls “the Newton- 
ian mechanical image . . . unrealistic . . .” 
(1960, p. 1475). ; 

Halter and Jack take up the subject later (1961), 
and Back once again offers a discouraging judg- 
ment that “none of the particular philosophies 
of science currently in existence is sufficient as 
a philosophical guide to research in all the prob- 
lems of agricultural economics” (1961, p. 908). 
Kelso reverts when he oversimplifies, saying, 
“The essence of science is predictability” (1967, 
p. 224). 

Meanwhile, John Brewster, who came to be 
known as the leading philosopher among econ- 
omists, wrote and taught about the ancient and 


modern meaning of science. In lectures at the - 


Graduate School of the U.S. Department of Ag- 
riculture, published in part in A Philosopher 
Among Economists, be began with a put-down. 
In a line paraphrased from the author’s memory 
he said, “I don’t want to descend into the snake- 
pit of what constitutes science.” In reality, in 
his writings he does not dissent from general 
statements such as that of Allen cited above. His 
objection is more nearly a corroboration of Back’s 
denial of the usefulness of philosophies of sci- 
ence. Targeting the “body of logic—principles 
of valid reasoning” that was so popular about 
mid-century, Brewster insists that much of what 
we need to know “simply cannot be caught up 
in any system of logic” (taken from author’s 
notes). He doubts that scientific acquisition of 
knowledge can be highly systematic. 

The subject is reintroduced in literature in 
presentations Kenneth Farrell, then AAEA pres- 
ident, scheduled in his 1977 program. Moles 
addresses “The Creation of ‘Truth’. . .,” and 
Hartman, “Economics of Science and as Cul- 
ture.” Both stress the cultural element in eco- 
nomic research. Moles: “Science and in specific 
social science” is “one of the many subcultures 
in western culture.” Further: “Culture may be 
defined as human knowledge” (p. 919). Knowl- 
edge, in turn, is reality, seen as arising in hu- 
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man experience and not in the rote recording us 
phenomena (p. 920). Hartman: “The historical 
faith of science is in the ultimacy of a certain 
kind of natural order and the effectiveness of the 
scientific method to discover that order... . 
[But] all qualitative dimensions of human ex- 
perience were [historically] precluded from sci- 
entific understanding. . . . Therein lies the 
problems of an inadequate cultural tradition” (p. 
926). In other words, we can do better. 

Strangely, few of the scholars who contem- 
plate the meaning of science take particular note 
of the necessary process of abstraction. Not many 
point out that the scientific method inevitably 
involves abstracting from the complicated uni- 
verse, reducing it to a scale human beings can 
deal with. Moles touches on this, as he writes 
that “any social science approach is used like 
all other knowledge systems to reduce the com- 
plexity of the environment” (p. 921). Breimyer, 
contributing appropriately to a volume dedi- 
cated to Geoffrey Shepherd, more specifically 
remarks on the abstractions that researchers em- 
ploy——he calls them “the images of the universe 
to which agricultural economists address them- 
selves” (1982, p. 57). 

It would be hyperbole to credit agricultural 
economists with having conceptualized the es- 
oteric notion of science and the scientific prin- 
ciple. But it would be inaccurate to the point of 
disloyalty to fail to acknowledge that agricul- 
tural economists have come a long way ‘in 
achieving an astuteness of understanding of the 
scientific process to which they give their alle- 
giance. 


The Place of Theory in Research 


Swanson in 1960 offers salient comments on the 
scientific concept, but even more pertinent is his 
interpretation of the relationship of theory to in- 
vestigation. (Investigation is the original term, 
eventually replaced by research.) One assumes 
a theory, he writes, and goes from it to “obser- 
vations instead of vice versa. . .” (p. 1484). 
This counsel may now seem axiomatic, but early 
agricultural economists not only saw no need for 
theory but were skeptical of theoretical formu- 
lations. Bushrod Allin quotes an unidentified 
outlook economist attending USDA’s annual 
outlook conference, who declared, “We do not 
engage in theoretical research, ours is the job of 
analyzing the facts. . . (p. 409). Even earlier 
(1940) Theodore Schultz writes that “there are 
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those among us” (otherwise unidentified) who 
are alarmed by any mention of “theoretical” and 
are “filled with sophisticated doubts about that 
lowly species known as the fact-finding empi- 
ricists . . .” (p. 60). 

Historically, in 1921 Theodore Macklin rec- 
ognized a need for an “understanding of the 
economic forces which underlie the production, 
marketing and consumption of farm products” 
(p. 41). E. W. Allen in 1926, however, appar- 
ently was the first journal writer to defend cat- 
egorically the primacy of theory over fact-gath- 
ering. His strong language may be appropriate 
to university courses in research methods today. 


My thesis is that a constructive purpose is essen- 
tial to research; that without it there can be no real 
research. It is the central idea underlying the method 
of science, determining all else—the means of ap- 
proach, the data to be secured, the course of pro- 
cedure. . . (p. 16). 

It is true that science progresses by the determi- 
nation of facts.. . . But isolated facts, however nu- 
merous, do not constitute science. To cite the fa- 
miliar quotation from Poincare: “Science is built up 
with facts as a house is with stones, but a collection 
of facts is no more science than a heap of stones is 
a house.” And similarly, the indiscriminate accu- 
mulation of facts without regard to any central idea 
or relationship is not in the category of research (p. 
17). 


Subsequent literature is sprinkled with refine- 
ments, such as distinctions between hypothesis 
and theory. Salter in 1942, after joining others 
in deploring the practice of compiling “stacks 
of tables, graphs and maps only to ponder over 
them unfruitfully,” declares forcefully that “hy- 
potheses are a necessary condition to the sorting 
of facts. . .” (p. 238). 

Halter in 1958 chooses to emphasize “pre- 
supposition,” which “refers to the context in 
which a true or false proposition is stated.” Also, 
“an absolute presupposition is never subject to 
the question of truth or falsity as is a proposi- 
tion” (p. 1871). 

In what must be regarded as one of the best 
journal articles on the role of theory in research, 
Christensen in 1966 notes that “there has been 
some misunderstanding . . . regarding the re- 
lationship between theory, hypothesis, and 
model.” Some writers, he explains, “would im- 
ply that model and theory are one or that hy- 
pothesis and theory are the same.” He contin- 
ues, “The hypothesis is a conceptual relationship 
deduced from the formal theory already estab- 
lished and is a deduction derived from a set of 
known propositions . . .” (p. 138). 
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A model, incidentally, is seen by Christensen 
as “a conceptualization of an abstract system of 
relationships in terms of something more famil- 
iar. . .” (p. 138). 

The second stage in the application of theory 
is to draw on the findings of a research study to 
revise or refine the preexisting theory. Halter 
would probably call this the forming of a new 
proposition. Swanson in 1960 touches on this 
second stage as well. “Any theory is tentative,” 
he writes, “and subject to further modification 
with the advent of incompatible evidence. . . .” 
Moreover, he notes the “integration of proba- 
bilistic notions . . .” (p. 1484). 

Swanson, however, does not have many com- 
panions. It seems surprising that a profession that 
ploddingly learned to appreciate the place of ab- 
stract hypothesis, presupposition, or theory in 
design of research, has remained less secure in 
interpreting the findings other than as verifica- 
tion or rejection. There are exceptions. Chris- 
tensen touches on the second stage, as does 
Moles. And Halter, as might be expected, offers 
cogent observations. The scientist, he writes, 
“realizes that his laws and theories are conjec- 
tures and tentative hypotheses and. . . may be 
rejected as false on the basis of new evidence” 
(1962, p. 224). Any reformulation comes next. 
But Halter is one of the few to write in these 
terms. 

Halter almost certainly had picked up Karl 
Popper’s thesis about the falsifiability test, which 
shows up again in 1989 as Just and Rausser cite 
Popper’s belief in “falsification as the rigorous 
standard for scientific procedure.” They also 
quote Kuhn, who “found no support” for Pop- 
per’s thesis. Interestingly, they note without en- 
dorsing it that “among economists, McCloskey 
has advanced the view that economic research 
is basically essays in persuasion” (p. 1179). 

All in all, after three quarters of a century of 
intrepid research into the economics of agricul- 
ture, agricultural economists still show consid- 
erable insecurity in the final stage of rejecting 
Or reconstructing received economic theory, or 
composing a wholly new one. 


Taxonomies of Research Technique 


Zven though they were tentative about articu- 
lating the scientific method, the earliest re- 
searchers in agricultural economics were quick 
to develop patterns in research technique. Ow- 
ing to the profession’s obsession with numbers, 
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during at least the first ten years they gave most 
of their attention to the collection, analysis, and 
interpretation of statistical data. Among early 
concerns were those on how to conduct farm 
management surveys. Authors wrote about how 
to make telephonic surveys, for example. 

Journal writers have had difficulties of ter- 
minology. Those difficulties persist, even com- 
plicating the writing of this review article. 
Economists use the language of research tech- 
nique, systems of logic and of analysis, philos- 
ophy, research tools. Heady refers to the theor- 
ist as “tool maker.” But he says the agricultural 
economist is a “tooluser” (1949, p. 837), im- 
plying that the agricultural economist does not 
ordinarily make his own theoretical tools. This 
viewpoint of Heady is consistent with the first 
years’ engrossment with assembly of data, noted 
above. 

As an arbitrary choice, the more systematic 
treatments of research technique found in liter- 
ature will be reported in those terms. There is 
also a vast literature addressed to method, often 
mislabeled methodology. It will be noted briefly 
later. 

The philosophy of science and systems of logic 
show up among the more classically trained ag- 
ricultural economists, in terms such as induction 
versus deduction, and positive versus normative 
science. Conklin in 1947 reminds that “econom- 
ics Originated as a deductive ‘science’ . . 
[consistently with] the Greek belief that all 
knowledge is derivative of ‘pure reason.’” He 
adds that “inductive methods have come more 
slowly to economics than to most other branches 
of academic endeavor” (p. 926). Induction and 
deduction are rival concepts for Parsons, who 
sets forth other pairings, such as pure versus ap- 
plied economics. 

Halter, who rarely failed to get into a philo- 
sophical fray, refers to “the myth of induction” 
(1962, p. 223); and he and Jack introduce other 
terms from Latin and Greek: a priori versus a 
posteriori, and analytical versus synthetic. They 
believe “the key propositions of economic the- 
ory should be a posteriori synthetic” (p. 95). 

Brewster, the acknowledged philosopher of 
agricultural research, did not fail to remark on 
deduction and induction in the scientific method. 
However, he writes that “the hard part of re- 
search is . . . discovering a conflict between 
prevailing theory and exceptional experiences. 

. Deductive development of well-stated hy- 
potheses and testing their probable truth comes 
in very late stages of our search” (1970, p. 234). 

A pairing of concepts that appears occasion- 
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ally is positive versus normative. In a remark 
that still surprises, Conklin alleges that “eco- 
nomics began to lose its normative character. . . 
at the hands of the Mercantilists and the Phy- 
siocrats. . .” (1947, p. 926). Inferentially, many 
early agricultural economists hoped their en- 
deavors could classify as positive, leaving them 
less subject to challenge in terms of implicit 
“values.” 

By any test Glenn Johnson must rank as the 
foremost thinker in such terms. He elaborates 
normativism and positivism into pragmatism and 
variants such as conditional normativism. He 
writes of “knowledge of values versus prescrip- 
tive knowledge” and so on (variously in Re- 
search Methodology for Economists). In a book 
reporting a 1985 symposium Tweeten invokes 
the Johnson credo, dallying with distinctions be- 
tween normative and positive and then striking 
comparisons between prescriptive and descrip- 
tive (p. 142). 

The most structured taxonomies for research 
technique begin with the monumental study 
commissioned by the Social Science Research 
Council referred to above. The report, published 
in the early year of 1928, touches on virtually 
all the ideas and terms mentioned thus far in this 
review: the scientific method (or methods), 
quantitative versus qualitative, induction versus 
deduction. The authors classify research tech- 
nique into five categories: statistical, analogy, 
case, informal statistical, and experimental. 

Leonard Salter, Jr., was a promising young 
agricultural economist who lost his life in the 
tragic LaSalle hotel fire in Chicago in June 1946. 
He still ranks as one of the most systematic 
thinkers in agricultural economics. In Novem- 
ber 1942 he wrote about “cross-sectional and 
case-grouping procedures” in research, and the 
taxonomy he set forth in his book, published 
posthumously in 1948 and reprinted in 1967, 
features “an outline of inquiry” constituted of 
problematic situation, formulation of problem, 
hypothesis, processing of evidence, and a ter- 
minal test. The terminal test is as to whether 
“purposive action is instituted and consonant with 
consequences” (pp. 68—69). As to research 
technique (which Salter calls methods), the fol- 
lowing are listed: experimental, historical, case, 
qualitative description, analogical, logical, and 
statistical (pp. 70—77). 

For reasons that are not entirely clear, Salter’s 
field of land economics has lent itself to dis- 
courses on research technique in its manifold 
interpretations. The papers for a symposium, 
published in a 1966 book edited by W. L. Gib- 
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son, Jr., R. J. Hildreth, and Gene Wunderlich, 
essentially captures the thinking of the time. 

Several writers have since exhibited their own 
favorite taxonomies. Alan Randall, addressing 
resource economics (a successor to land eco- 
nomics in attention getting), reverts to pairings. 
He recognizes “four major schools of thought” 
and labels them “institutionalist/land econom- 
ics; neoclassical /rational planning; public choice/ 
utilitarian; and public choice/individualistic” 
(1985, p. 1022). Shabman follows by “recasting 
Randall’s schools . . . into two groups: the 
mainstream, which includes his N/RP, PC/U, 
and PC/I, and the institutional, or his I/LE.” 
Also, he (Randall) does not “distinguish re- 
source economics from the larger discipline” (p. 
1030). 

If research technique is the most discretely 
identifiable structuring of research, ideas sur- 
rounding research philosophy are the least so. 
The term, philosophy, shows up randomly, with 
the single exception that John Brewster virtually 
built his career on philosophical concepts. The 
collection of Brewster’s articles, edited by J. 
Patrick Madden and David E. Brewster, has been 
noted above.- Kenneth Parsons, in 1949, mulls 
over “what we may call the philosophical frame 
of reference” (p. 658). Karl Brandt, in 1955, 
recommends a study of philosophy; and Halter, 
citing Brandt’s faith that it “would lend clarity 
to our understanding of the nature of economics 
and to its research methods,” adds that “this ref- 
erence to philosophy has gone unnoticed” (1958, 
p. 1871). Brewster’s star was rising fast at the 
time, but Halter presumably had not yet taken 
note of it. As is mentioned above, Halter and 
Jack later wrote about “a philosophy of science 
for agricultural economics research.” Back en- 
tered the fray in 1961, as did a few other econ- 
omists later. Generally, though, except for the 
work of Brewster and just a few others, philos- 
ophy as orientation to agricultural economics has 
proved to be almost ephemeral. 


The Catch-all of Method—or “Methodology” 


A profession that has preferred to minimize the 
personal and maximize the procedural or instru- 
mental fills its literature with discourses on op- 
erating tactics or procedural patterns, usually 
tagged by the Mother Hubbard term method or, 
sometimes and erroneously, “methodology.” 
With regard to the term itself, Don Paarlberg 
is perhaps the most candid in objecting to meth- 
odology, as “this employment of the term is out 
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of keeping with scientific usage. . . . Most ag- 
ricultural economists use the word methodology 
when they are concerned neither with philoso- 
phy nor with logic but simply with method. The 
three syllables are added to convey prestige” (p. 
1386). 

Frank H. Knight, famed economist of the 
University of Chicago, told agricultural econo- 
mists that he finds fault even with addressing 
method. “I must begin by confessing a degree 
of skepticism about the practical value of writ- 
ing on ‘method’ (a term less pretentious than 
‘methodology’) at a highly abstract level” (p. 
112). 

But the term method is itself ill defined. Per- 
haps each method can be viewed as a substra- 
tum in a research-technique taxonomy. A great 
many of the methods that are discussed in lit- 
erature today relate to the three-century-long 
preoccupation mentioned at the beginning of this 
paper, namely, that with numbers. 

In a major review published in volume two of 
A Survey of Agricultural Economics Literature, 
itself anticipated in a 1968 AJAE article, George 
Judge sketches historical works on what he calls 
estimation in economics. He puts methods of 
estimation in the category of measurement, and 
sees “a systematic use of economic and statis- 
tical models, methods, and data” as giving “em- 
pirical content to economic theory and practice 
gee De 3), 

As it is questionable whether the prolix and 
diverse writings about method can be tested 
against scientific principle, all that will be of- 
fered here is a sampling of the practices and 
conceptualizations that can loosely be called 
method. Veterans will recognize a number that 
were prominent briefly. Most of them disap- 
peared. Faddism is not absent in agricultural 
economics. 

It all began with methods of collecting data 
(the counting era). Next we find a panoply of 
“statistical methods of analysis” ranging from 
measures of central tendency to the new simple 
and multiple correlation, followed by simulta- 
neous equations and other more elaborate forms. 
The particular equilibrium drew a brief focus of 
attention and methods were applied to it. In 1953 
Fred Waugh, asked to review the applicability 
of developments in methodology, addressed 
method instead and listed the following, among 
others: sampling, design of experiments, con- 
sumer panels as data source, structural analysis, 
2conomic models generally (they were just com- 
ing into popularity), linear programming (due to 
nave a long life), theory of games. In the same 
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issue of the Journal, Richard King introduces 
activity analysis. Input-output models show up 
periodically. Marc Nerlove made distributed lags 
a household word in agricultural economics. The 
Markov process has been popular intermittently, 
as has simulation. Dynamic programming, con- 
trol theory, gini ratios, and a host of other terms 
and coinages dot the writings in agricultural 
economics. Some are of lasting merit, others a 
passing fancy. 

In a book reporting a 1985 symposium (pub- 
lished in 1988), Glenn Johnson and Stanley 
Johnson present a comprehensive inventory of 
the methods currently at agricultural econo- 
mists’ disposal. Glenn Johnson calls his list 
technological innovations, and Stanley specifi- 
cally names quantitative techniques. A discus- 
sant, David Bessler, says Stanley surveys “vir- 
tually all interesting (useful) techniques in use 
today” (p. 199). 

The Judge inventory of methods in estimation 
is another useful compendium (1977). 

The almost countless designs for conceiving 
and carrying out agricultural economic inquir- 
ies, primarily quantitative in nature and com- 
monly classified under the general term method, 
are a part of the profession’s fabric and yet are 
peripheral to the most signal tenets of the sci- 
entific principle. For this reason they are given 
only this serial mention. 


On Behaving as a Scientist 


It ought to have been evident even to the first 
economists who called themselves agricultural 
that it is not possible, or even desirable, to carry 
out agricultural economic studies so imperson- 
ally as to neutralize the human factor—con- 
verting, in Conklin’s language, the investigators 
into mechanics (1960, p. 1475). The role of the 
scientist is endemic to all scientific inquiry. As 
recently as 1989, when the prestigious National 
Academy of Sciences commissioned a thought- 
piece on “the nature of scientific research” the 
opening question, “Is there a scientific method?” 
was answered in terms that match the thesis of 
this review, that dedication to scientific princi- 
ple does not lead to a singular system of sci- 
entific practice. It is significant that the result- 
ing publication carries the title, On Being a 
Scientist. 


Throughout the history of science, some philos- 
ophers and scientists have sought to describe a single 
systematic method that can be used to generate sci- 
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entific knowledge. For instance, one school of 
thought, dating back at least to Francis Bacon. . ., 
points to observations as the fundamental source of 
scientific knowledge. . . . By gathering facts with- 
out prejudice, a scientist will eventually arrive at the 
correct theory. 
Some scientists may believe in such a picture of 
themselves and their work, but carrying this ap- 
proach into practice is impossible. . . . Scientists 
may be able to suspend some prior theoretical or the- 
matic preconceptions . . . but they cannot view the 
physical world without any perspective. (p. 2) 


In spite of the futility of denying the scien- 
tist’s role, in the early literature of agricultural 
economics that element in research is rarely 
mentioned. Halcrow and Brinegar forthrightly 
put into words a silently professed thesis of the 
early years: “Retrogression in scientific analysis 
occurs when allegiance is pledged to men rather 
than to impersonal processes” (p. 122). 

As was predictable, questions of the human 
factor and economists’ performance could not 
be muffled indefinitely. The moral quality and 
technical competence of the “men” in agricul- 
tural economics drew the attention of a growing 
number of these individuals. 

Interesting and perhaps surprising is Theo- 
dore Schultz’s quotation from John Maynard 
Keynes as to the qualities of an economist, who. 
“must reach a high standard in several different 
directions and must combine talents not often 
found together.” He must be catholic and also 
“purposeful” but also “disinterested in a simul- 
taneous mood, and as aloof and incorruptible as 
an artist. . .” (p. 60). 

As noted above, Glenn Johnson (in various 
occasional papers and Research Methodology for 
Economists) led a sizable cadre that matched 
subjective against positive and introduced terms 
such as normative and conditionally normative. 
These relate not so much to impersonal tech- 
nique as to the role of the human being who 
collects and examines the data and tries to draw 
conclusions from them. Manifestly, in this con- 
text the researcher is no longer seen as innoc- 
uously neutral. Members of the profession lis- 
tened to Johnson respectfully but did not always 
confine themselves to his terminology. 


Values, Objectivity, Morality, Ethics 


Viewing scientific performance in terms not of 
a formal impersonal system but of the conduct 
of the scientist opens up questions that the early 
agricultural economists wanted strenuously to 
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avoid and that continue to be unattractive to some 
members of the profession. It suggests that sci- 
ence and practices under its banner are partly a 
matter of the individual scientist’s stance—his 
outlook, his Weltanschauung. A number of ag- 
ricultural economists have been not only aware 
of this opposite side of science’s coin but have 
pondered it and written about it. Again, the ref- 
erence points have varied but have embraced 
concern for values, objectivity, morality, ethics. 

The historical record shows several episodes 
of preoccupation with values. In 1949 Parsons 
touched on “the value problem in economic be- 
havior” (p. 679). Frank Knight, reviewing Par- 
sons, writes of “the ambiguous nature and true 
role of values” (p. 120). He sees two meanings 
to the word, value. “When used in economic 
theory, this term refers only to individual or 
subjective desire, as expressed in choice among 
alternatives presented” (p. 120). “In contrast,” 
though, “economic policy, and all discussion of 
any common policy, inevitably refers to... 
some kind of ‘objectivity,’ some degree of right- 
and-wrong, capable of being argued.” Further, 
“It involves a distinction between desire and 
choice as facts versus what they ought to be 
.. .” (p. 120). 

In 1961 Earl Heady as director of the Center 
for Agricultural and Economic Adjustment at 
Iowa State University doubtless was instrumen- 
tal in staging a seminar at that university on 
“Goals and Values in Agricultural Policy.” The 
papers comprise a book bearing the title. 

Many agricultural economists remained dif- 
fident about the idea of values, apparently sat- 
isfied with vague notions of cultural influences 
on a researcher. But in 1954 L. John Kutish 
demonstrated that “the value question” could 
generate the heat of spirited exchange. 

Brewster, as would be expected, touched on 
values frequently: in “The Cultural Crisis of our 
Time” (A Philosopher Among Economists, pp. 
7—65); in “Society Values and Goals in Respect 
to Agriculture” (Goals and Values in Agricul- 
tural Policy, pp. 114-37); and in “Beliefs, Val- 
ues, and Economic Development” (Journal of 
Farm Economics, November 1961). 

In all his writings Brewster rarely bothered to 
define the term, value. He regarded values, re- 
dundantly, as “judgments as to what is valu- 
able,” and he had society’s judgments in mind 
(p. 158). He implicitly expected the agricultural 
economist as scientist to accept and be faithful 
to society’s values, and not substitute his own. 

Values remain a part of the vocabulary of ag- 
ricultural economics, but the word has given way 
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before a related concept that may entail even more 
sensitive responses, that of objectivity. As Heady 
suggests, objectivity itself can be regarded as a 
value; in a seeming contradiction, it adjures the 
value-steeped economist not only to set aside his 
values (other than possibly the most elevated 
ones) as he addresses economic issues, but also 
to resist all enticements to bias or adulteration. 

It may be supposed that agricultural econo- 
mists generally subscribe, if only subliminally, 
to the principle of objectivity, yet are not eager 
for questions to be raised. In 1950 the ever- 
stimulating Frank Knight, not one of the clan, 
called attention to the principle in relation to 
“fact” and “generalization” (p. 113). “Nature,” 
he writes with more than a little whimsy, “is 
‘honest.’”. But “in human conduct” it is nec- 
essary to allow for unpredictability as “affected 
by error [his italics],” in several meanings, and 
by ignorance and prejudice; and where social re- 
lations are involved, “outright deception is a 
fundamental fact” (p. 114). 

Harsh language. 

When Breimyer in 1967 opened up the sub- 
ject, he was more guarded cor even gentle as he 
presented his stand that “if agricultural econom- 
ics is to be a science . . . the precepts of sci- 
entific objectivity must be adhered to” (p. 340). 
He then diplomatically suggests that “the most 
persistent of all blocks to the objectivity test . . 
[may be] the human tendency to avoid areas of 
controversy . . .” (p. 347). Even so, he does 
not fail to note “the most recent of all threats 
. . . [which] arises when an economist divides 
his time and allegiance so as to multiply his in- 
come” (p. 348). And he leaves no doubt that in 
his mind the test of objectivity must be met if 
agricultural economics is to “wear the esteemed 
toga of a science” (p. 350). 

Whether the Breimyer literary fist was gloved 
or mailed, it incited responses. Grove rebuts that 
“most agricultural economists pretend to an ob- 
jectivity they do not possess” (p. 153), and the 
only recourse is subjective dissent (p. 155). 
Schmitt and Timmerman concur in the judgment 
of nonattainability of objectivity (p. 921). 

Castle, in another follow-up, admits that ob- 
jectivity is hard to come by and lists a number 
of threats to it including desire for approval (pp. 
310~—11). 

Alan Randall, the next economist to consider 
the behavioral paradigm of the scientist, ex- 
amines “the moral responsibilities of the sci- 
entist and his host institution. . . .” He “ex- 
plicitly acknowledges the role of power in 
economic interaction.” The scientist and his in- 
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stitution are confronted with “the necessity of 
making distinct moral choices . . .” (1974, p. 
22T): 

If Randall in 1974 selected the language of 
morality, in 1983 Maurice Kelso chose yet an- 
other variation on the theme as he set up at the 
AAEA annual meeting a session on “Ethical Is- 
sues in Resource Economics” (cf., e.g., the dis- 
cussion papers by Glenn Johnson and Raymond 
Anderson). 

And so, during forty years of journal ex- 
changes among some of the leading lights in ag- 
ricultural economics, the bearing of economists’ 
behavior patterns on the scientific quality of the 
profession’s output is examined in variable lan- 
guage but with consistent purpose. And in 1989 
Just and Rausser reintroduce Heady’s original 
term of objectivity. They call “insistence on ob- 
jectivity . . . one of the dominant characteris- 
tics of the profession.” As did Grove twenty- 
one years earlier, they see the best protection 
“in the clash of individual subjectivities” (p. 
1179). Only if some individuals are objective 
and declare themselves can the majority be ex- 
pected to be so. 


The Unsystematic or Uncodified Component 
to Investigations in Agricultural Economics 


In a striking contrast, agricultural economists’ 
testimonials to science and formal scientific 
practice are mixed with occasional enjoinders to 
the opposite. Surely, systematic rigor is to be 
extolled and even mandated. But there is a place 
also for imagination, inspiration, even perhaps 
for day-dreaming; and for anecdotal evidence. 
A number of writers have so declared, some- 
times insistently. 

Swanson senses the place of intuition. “It is 
tempting to speculate on the future of the rela- 
tive emphasis within our profession on the role 
of the informal predicting expert who uses judg- 
ment, intuition and wisdom and that of the re- 
searcher methodically seeking to explain phe- 
nomena” (p. 1485). 

George Ladd carries the argument further, in 
trenchant language. “We pay little attention. . . 
to the research tools that are the most versatile 
and frequently used of all . . . [namely] sub- 
conscious mental processes (imagination, intu- 
ition, hunch), chance (including serendipity), and 
writing” (1979, p. 1). In his book, Imagination 
in Research, he explains further that “we need 
imagination to provide the insights leading to 
theories that fit the facts. And we rely on in- 
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tuition for the postulates that support our rules 
of logic” (p. 134). Ladd even goes so far as to 
note a- place for doubt and tension as contrib- 
uting to imagination for research. 

Brewster, nevertheless, ranks as the foremost 
exponent of the unsystematic ingredient to re- 
search that may otherwise class as scientific: 

“Yet. . . there is much to the research quest 
. . . that cannot be reduced to systematic rules 
of right reasoning. No rule can be given that 
will induce one to perceive conflicts between 
prevailing generalizations and exceptional ob- 
servations . . . [and] will lead one to induce 

. new hypotheses. . . . In this important 
sense, research includes far more than mere logic, 
whether deductive or inductive. It includes in- 
sight, genius, groping, pondering— “sense” 
which can’t be boxed up in any formalized pro- 
cedures. The logic we can teach; the art we can- 
not. . . (1970, pp. 234-35). 


An Epilogue: The Game of Lambasting and 
Defending Mathematics and Model-building 


For longer than a generation, agricultural econ- 
omists have sparred over what its critics regard 
as an obsession with mathematics and the con- 
structing of models, often intricate ones. Most 
of the exchanges have been good-spirited. There 
is substance to the debates, and a sampling is 
presented here. 

This feature of the historical record is never- 
theless presented as an addendum or epilogue 
because it is not fundamental to an account of 
the place of science and the scientific principle 
in agricultural economics. 

Most of the verbal tussling has related to the 
third of the three stages of agricultural econom- 
ics’ preoccupation with numbers, that is, econo- 
metrics. During the years of counting, the light- 
est touch was to admonish field surveyors to 
phrase their questions carefully. “If the farmer 
can’t answer, look to how you ask the ques- 
tion!” 

A few ripostes followed the introduction of 
the exciting new correlation techniques. Don 
Paarlberg, for example, says we went crazy and 
“correlated everything with everything else. . .” 
(p. 1390). 

The early beginning of arguments about the 
place of mathematics in agricultural economics 
is attested to by Thompson’s pooh-poohing them 
(1937). “Those who make too strong a claim for 
the mathematical method appear to believe that 
this method can of itself yield valid conclusions 
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. . .” Not so: “there is no logical difference be- 
tween reasoning without mathematics and that 
which uses higher mathematics... .” Then a 
pox on the other house: “The opposite view that 
the mathematical method is completely useless 
for economics usually rests on the mistaken 
identification of this method with measurement” 
(p. 718). 

Arguments waxed warmer as research moved 
more fully into econometrics with all its intri- 
cate wizardry. In 1961 Karl Fox set up, at the 
winter association meeting, a session on “Con- 
tribution of Econometrics to Farm Price and In- 
come Policy.” Breimyer in a discussion paper 
offers a judgment consistent with Thompson 
many years before, one that also anticipates the 
barrage of evaluations that fill the journals of 
recent years. “In the magic of electronics the 
limiting factor is not capacity of computation but 
expertness of programming. Moreover, neither 
the electronic machines nor mathematical con- 
cepts can compensate for any deficiency in un- 
derlying economic theory and understanding 
.. .” (p. 383). 

Paarlberg in 1963 calls it a delusion to think 
“that the new methods, being mathematical, 
shelter us from the hazards of human judgment 
... (p. 1390). Two years later Norris Prit- 
chard pleads for recognizing the limitations of 
mathematical methods (pp. 152-53). There- 
upon Hildreth was moved to ask, at the 1965 
annual meeting, “Have we gone too far?” He 
cites (pp. 1497-98) Paarlberg’s further warning 
that “no method can produce rational results from 
erroneous data” (p. 1390) and Kelso’s harsher 
charge that “the elegance, the tidiness” sur- 
rounding mathematical models may only lead us 
to be “wrong in a more elegant manner” (1965, 
p. 11). For balance he quotes Waugh’s judg- 
ment that “sophisticated techniques are neces- 
sary ta.analyze difficult problems in our com- 
plex world” (1964, p. 866). And Heady: 
quantitative tools have greatly improved the ag- 
ricultural economist’s ability to handle the masses 
of data necessary for analysis (1963, pp. 120- 
22). 

In the February 1972 issue of the Journal, 
Oscar Burt and William Martin exchange barbs 
that are germane to the adequacy-of-data versus 
ingeniousness-of-technique dispute. Burt had 
written an article on the economics of invest- 
ment in specified range improvements. In Jour- 
nal pages the two economists combat as Burt 
defends his adapting a dynamic programming 
model to data of acknowledged shortcomings, 
leading Martin to charge that the exercise amounts 
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to redefining a problem to fit “the specifications 
of the tool.” “Elegance,” he added (Kelso’s word 
again), “is the medium. . .” and has become 
the message (p. 134). Burt then alleges that 
Martin confuses “elegance with rigor” (p. 135). 

Has much changed since George Warren 
sought to get better data to put into the farm 
management studies then being developed? Per- 
haps not. Warren, however, did not pretend to 
elegance. 

The issue has stayed joined since Warren’s 
day, yet an emerging consensus may be sensed. 
If so, it is likely to be consistent with Hildreth’s 
judgment in 1965 that we have not gone too far 
in quantitative dexterity (p. 1501) and the real 
need is “for better training in economics and 
methodology . . .” (p. 1503). 

A consensus judgment may be that employ- 
ment‘of mathematical methods does not substi- 
tute for rigorous theoretical formulations in ag- 
ricultural economics. Rather, it itself requires 
more precise understanding of the constructs of 
which the discipline is constituted. 

Inasmuch as rhetorical exchanges among ag- 
ricultural economists tend to be cyclical, a new 
outpouring of challenge and response on the 
practices attending the econometric stage in ag- 
ricultural economics can be anticipated in years 
to come. 

All of which introduces a jingle Frederick 
Waugh attributes to Herman Southworth (1953, 
p. 706): 


Our economic methodology 
is full of fine epistemology. 
But when we come to problems practical 
our theories are too didactical. 
If economics is a science, 
it needs to foster the alliance 
cf theorist and statistician, 
with manager and prognostician; 
To tie the work of mathematicist 
to problems of the market strategist. 


[Received August 1990; final revision received 
November 1990.] 
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Rent Seeking: The Potash Dispute 
between Canada and the United 


States 


Valerie J. Picketts, Andrew Schmitz, and Troy G. Schmitz 


Despite the Canada-United States Free Trade Agreement, border disputes involving 
agricultural trade are common. A theoretical basis for the 1987 U.S. countervailing duty 
case against Canadian exports of potash is developed using excess capacity arguments. 
Empirically, within a rent-seeking context, the U.S. potash producers gained far less 
from their legal action against Canada than did U.S. farmers who are significant users 


of Canadian potash. 


Key words: agricultural trade, countervailing duties, potash, producer rents, rent 


seeking, user rents. 


Border disputes involving trade in agricultural 
inputs between Canada and the United States have 
received relatively little attention in the eco- 
nomic literature even though the problem is of 
major significance. Charges of export dumping 
continue despite the signing of the Canada-United 
States Free Trade Agreement. This paper fo- 
cuses on countervailing duty actions against Ca- 
nadian exporters of potash to the United States, 
which is a major user. Potash production in 
Canada is a multimillion dollar business as it is 
both the major supplier of potash to the U.S. 
market and the largest exporter of potash in the 
world. 

The structure of the potash industry in North 
America is oligopolistic because of the exis- 
tence of a few players and the ability of the larger 
firms to affect prices (Anderson, Bennett, Ful- 
ton and Schmitz, Olewiler, Flatters and Ole- 
wiler). Two such firms are the International 
Mineral and Chemical Corporation (IMCC) and 
the Potash Corporation of Saskatchewan (PCS), 
which control almost half of the potash produc- 
tion in North America. The largest player in the 
North American potash market is Canada, where 
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Saskatchewan accounts for approximately 95% 
of Canadian production and New Brunswick 
produces the other 5%.’ Canadian production 
accounts for approximately three-quarters of 
North American production (Korol, p. 6). Po- 
tash is sold both to the United States and in off- 
shore markets. Canpotex, Ltd., sells all of the 
exports of the Saskatchewan potash producers to 
the offshore market.” In contrast, each of the 
several Saskatchewan producers market potash 
independently, in the U.S. market. Approxi- 
mately two-thirds of Saskatchewan production 
is sold to the U.S. market, and the remaining 
one-third is sold offshore (Korol, p. 9). 

Most of the 1970s and early 1980s were pros- 
perous times for the potash industry in North 
America, largely because of high grain prices 
and high farm incomes. However, the potash 
market changed quickly as a result of falling grain 
prices; and, by the middle of the 1980s, potash 
producers in North America had experienced 
substantial losses. This prompted two American 
potash producing firms in 1987 to sue the Ca- 
nadian potash producers for dumping potash on 


' Saskatchewan produces muriate of potash ( potassium chloride), 
which is one form of potash. Over 95% of North American pro- 
duction is muriate of potash, and it ts considered a homogenous 
good. Approximately 95% of the muriate of potash produced in 
North America is used as fertilizer, and there is no substitute for 
it in the agricultural market (Korol, p. 6). Muriate of potash is 
generally not used on Canadian sotls; therefore, U.S. farmers are 
the major consumers of Canadian potash in North America. 

2? New Brunswick opted to stay out of Canpotex, Ltd., which is 
a company that sells Saskatchewan potash offshore. 


256 May 1991 


the U.S. market (Bowley). Countervailing du- 
ties were then placed on Canadian potash ex- 
ports entering the United States. Subsequently, 
the Canadian potash firms increased their prices; 
in response, the duties were lifted on Canadian 
potash. | 

The legal action of the U.S. potash firms can 
be viewed as rent seeking along the lines pre- 
sented in an earlier paper by Bredahl, Schmitz, 
and Hillman on the tomato war between the 
United States and Mexico. An intensive cam- 
paign was launched by U.S. potash producers 
in lobbying the U.S. government into imposing 
duties on potash imports (Marud). The duties 
created economic rents for the U.S. potash pro- 
ducers by increasing the price received. How- 


ever, U.S. farmers lost rents as a result of the - 


price increase. They attempted to prevent the 
imposition of the duties but failed. In contrast, 
Canada incurred a net gain in rents resulting from 
the price increase. 

The potash dumping case is interesting be- 
cause it appears that rent seeking on the part of 
U.S. potash firms created sizable gains for Can- 
ada at the expense of U.S. farmers. Often, in 
agricultural border disputes, the opposite is the 
case. Producers of commodities bring anti- 
dumping charges against exporters because 
dumping behavior depresses commodity prices. 
The action by U.S. potash producers essentially 
stopped the Canadian potash producers from 
pricing below the cost of production (Greena- 
.way). The increase in price caused profits to in- 
crease for potash producers in both the United 
States and Canada. The legal action by the U.S. 
government, in essence, created a cooperative 
pricing solution where the rents of both parties 
increased. 

The overall objective of this paper is to for- 
mulate a model for analyzing countervailing 
duties in a mineral market such as potash. The 
empirical objectives of this paper are to estimate 
(a) the effects on both Canadian and U.S. po- 
tash producers and on U.S. farmers from the 
implementation of the potash duties in 1987; (b) 
the rents under two different assumptions on 
pricing behavior by Canadian producers, namely, 
(i) dominant market strategy and (ii) competi- 
tive market strategy. The rents estimated in (a) 
above are then compared to the rents generated 
under the dominant and competitive strategies. 

In earlier literature, dumping is defined as price 
discrimination between national markets. It is 
thus treated as profit maximization by a discrim- 
inating monopolist or as an oligopolistic tactic 
to eliminate competition or to enforce a cartel. 
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However, in this paper, we use the modern ap- 
proach to dumping, where adjustment costs and 
excess Capacity are considered (Ethier). Dump- 
ing occurred in the potash industry largely be- 
cause of excess industry capacity created by 
falling demand. In this connection, dumping was 
determined on the basis of “fair market price.” 
This method is often used in antidumping dis- 
putes (Schmitz, Firch, and Hillman). Concern- 
ing dumping in raw materials such as potash, 
Lloyd noted earlier that dumping is particularly 
likely in industries where there is surplus ca- 
pacity, either because of cyclical reduction in 
demand or because of irregular investment pat- 
terns in large plants. 


The Potash Trade Dispute between Canada 
and the United States 


In 1982, low grain prices and high real interest 
rates caused potash demand to fall. This led to 
a large decrease in the production of potash in 
Canada (Fulton and Schmitz, p. 32). However, 
U.S. potash production increased because of the 
production cutback by Saskatchewan producers 
in their attempt to maintain prices. Despite the 
cutback, the price fell from $146 in 1981 to $109 
in 1982 (U.S. dollars per metric ton of potas- 
sium oxide; unless stated otherwise, all dollars 
are in U.S. currency). In 1983 and 1984, potash 
demand recovered to near previous levels, and 
Saskatchewan producers appeared to switch to 
a competitive strategy by decreasing prices in 
order to gain market share. This resulted in a 
considerable drop in price, and the Saskatche- 
wan producers’ market share and capacity uti- 
lization rate increased during 1983 and 1984. In 
1983 the consumption increased but the price 
fell from the 1982 level by an additional $13 per 
metric ton. The Canadian market share ir- 
creased from 82% of agricultural sales in 1982 
to 89% in 1984. In 1985 and 1986, the price 
fell further as a result of a competitive strategy 
of increasing market share at the expense of price 
(Korol, pp. 34, 35). 

On 10 February 1987, two American firms 
(Lundberg Industries of Dallas, Texas, and New 
Mexico Potash Corporation of Memphis, Ten- 
nessee) filed a lawsuit against several Canadian 
producers for dumping potash in the United States 
at prices which were alleged to be 43% below 
the cost of production. In 1987 these two firms 
accounted for less than 15% of the potash con- 
sumed in the United States. The suit was filed 
through the U.S. Department of Commerce and 
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the U.S. International Trade Commission. The 
American potash companies perceived that the 
Canadian producers were price cutting to in- 
crease their market share in the United States; 
the Canadian market share of agricultural sales 
increased from 82% in 1982 to 88% in 1987 
(U.S. Department of Interior). The International 
Trade Commission agreed on 3 April 1987, that 
there was indication of “unfair price discrimi- 
nation”; and on 21 August 1987, the United States 
announced the preliminary duties on Canadian 
potash. 

The Provincial Government of Saskatchewan 
responded by limiting potash production in or- 
der to increase the world price of potash. If the 
Saskatchewan potash producers exceeded their 
production limits, they faced a fine of $1 mil- 
lion by the provincial government. If they con- 
tinued to produce after the limit was exceeded, 
then the fine would be $50,000 per day. In Sep- 
tember 1987, PCS announced that it was in- 
creasing its price by 60%-—from $58 to $93 per 
metric ton——with the expectation that the other 
Saskatchewan producers would follow its lead. 
Following the lead of PCS were IMCC; Kalium 
Chemicals; Cominco, Ltd.; and Noranda, Inc. 
Therefore, PCS successfully acted as a price 
leader. 

The U.S. farmers who stood to lose from the 
rent seeking of the U.S. potash producers lob- 
bied the U.S. government through organizations 
such as the National Corn Growers Association. 
However, the farmers’ lobbying was unsuccess- 
ful. 

In December 1987, the Saskatchewan pro- 
ducers agreed to stop this dumping behavior. As 
a result, on 8 January 1988, the Canada—U.S. 
dispute case was suspended for five years by an 
agreement between the Saskatchewan producers 
and the U.S. Department of Commerce. The 
duties on potash were to be removed as long as 
Saskatchewan firms did not sell their product to 
U.S. producers below the “minimum price” cal- 
culated in accordance with the agreement within 
the five-year period. The agreement defined the 
“minimum price” for each producer as the price 
not less than a price equal to the current “fair 
value” of its potash minus 15% of its prelimi- 
nary dumping margin. The current “fair value” 
of potash for a producer would be either: (a) the 
constructed value of its potash if it was selling 
below the cost of production, (b) its Canadian 
price if it had 5% or more of total sales in Can- 
ada and if its price was above its production costs, 
or (c) its offshore price if it was selling at prices 
above its cost of production but had an insuf- 
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ficient volume of sales in Canada. On 25 Jan- 
uary 1988, PCS announced that it would de- 
crease its price by 15% of its dumping margin 
value according to the fair market value defi- 
nition. 


The Model 


The potash market is depicted in figure 1. The 
marginal cost curves are constant over a wide 
range of production until the capacity constraint 
is reached, at which point they increase sharply 
(Bennett, Korol). Also, production costs in the 
United States are significantly higher than in 
Canada (Energy, Mines and Resources). In fig- 
ure 1, the marginal cost curves for Canada and 
the United States are S°bS° and S"S", respec- 
tively. These reflect the cost differences be- 
tween the two countries including transportation 
costs. They also show that the capacity level of 
the U.S. firms is relatively small compared to 
the Canadian firms. The aggregate supply 
schedule is S°bedS*, the demand for Canadian 
potash in the offshore markets is D,,, the de- 
mand from the U.S. market is D,,, and the sum 
of the two demands is represented by TD. There 
is no significant Canadian demand for potash. 
Hence, a demand schedule for Canada is not 
drawn. At price P,, aggregate output is Q., of 
which Q,Q, is shipped offshore. U.S. output is 
Q*, and Canadian output is Q,. At the compet- 
itive equilibrium price P,, firms in the United 
States earn rents equal to the cross-hatched area 
ac'de, while Canadian firms earn rents totaling 
P,abS*. In this model, rents are positive for firms 
in both countries because aggregate demand TD 
lies to the right of the capacity constraint de- 
mand 7D’. Thus, sizable rents can exist even in 
the absence of some form of cooperative pricing 
strategy among firms. | 
If the U.S. and Canadian firms were able to 
cartelize, the industry output would be restricted 
and profits would increase. One such example 
of cooperation would be dominant firm pricing 
strategy by Canada. Canadian output would be 
restricted to Q*, price would increase to P*, and 
U.S. output would be unchanged. In this case 
the largest percentage of profits from coopera- 
tion would go to the United States (profits in- 
crease by gfc’a) along with an increase in the 
U.S. market share. There is also an optimal im- 
port-export cartel pricing solution, different from - 
the above, where market shares between the 
United States and Canada could remain virtually 
unchanged. This solution was derived by Bre- 
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Figure 1. Price equilibrium and dominant firm pricing 


dahl, Schmitz, and Hillman in their discussion 
of the tomato war between the United States and 
Mexico. 

The U.S. dumping litigation against Canadian 
firms has been assumed away in figure 1 be- 
cause it does not allow for industry losses. Often 
the potash industry has excess capacity and loses 
money (negative rents). The negative rent model 
in figure 2 depicts the case that existed prior to 
the introduction of the U.S. dumping lawsuit in 
1987. S°S” represents the U.S. supply curve, and 
SS" represents the supply schedule for Canadian 
firms. Total supply is given by the S*daeS*. 
Given total demand TD, aggregate output is Q, 
at price P,. 

Suppose aggregate demand shifts to TD’. If 
both countries continue to produce aggregate 
output Q», both suffer losses. The loss to Ca- 
nadian firms is P,beS‘, while the loss suffered 
by U.S. firms is adfb. The combined loss is the 


cross-hatched area S“eadfP,. Note, however, that 
the U.S. users of potash gain from these over- 


production activities. 


The model in figure 2, where price is P, and 
Canadian output is Q,, is clearly a classic dump- 
ing case viewed from the standpoint of U.S. po- 
tash producers since Canada is selling to the U.S. 
market below the cost of production. What if 
the United States is successful in imposing a duty 
of T, requiring Canada to price at Py if they want 
the U.S. to remove the duty? It is in the best 
interest of Canadian firms to cooperate and price 
at P, in order for the United States to remove 
its duties with the result that the Canadian firms 
no longer lose money. However, in equilibrium, 
if the U.S. firms are not willing to cut output, 
Canadian firms have excess capacity of the 
amount aa’. Thus, they will have to cut output 
to Q* but in so doing will lose market share. 

Even with the cutback in Canadian production 
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Figure 2. Negative rents in the potash market 


to Q*, there are also gains to Canadian firms. 
These firms now have positive rents of S“a’e’S*. 
However, U.S. potash users lose S“gfP,. Inter- 
estingly, both the U.S. and Canadian industries 
gain from the temporary duty T if these duties 
result in a permanent price of P, (at which time 
they can be removed). However, the loss to U.S. 
potash users is greater than the gain to U.S. po- 
tash producers. Clearly, the dumping suit was 
against the best interest of U.S. corn producers.” 

In the model by Bredahl, Schmitz, and Hill- 
man on rent seeking, attempts on the part of U.S. 
tomato growers at imposing tariffs were viewed 
as a competitive strategy because, if imposed, 
the rents to Florida producers would increase 
while rents to Mexican producers would de- 





? Because of the cost differences between the United States and 
Canada, if the U.S. insists that Canada does not price below Po 
(using as a threat the reintroduction of countervailing duties), Ca- 
nadian firms are always guaranteed a positive rent because price 
exceeds marginal cost. 


crease. This, however, assumes that the tariff 
would be permanent. In the potash case this was 
not so, as the exporters agreed to raise the price 
so the tariff could be removed. As a result, the 
dumping charge by the U.S. producers ended by 
having the U.S. and Canadian firms cooperat- 
ing, whereby rents to both were increased as a 
result of the imposition of duties. However, 
market share was lost by Canadian firms. A more 
optimal solution for Canada was clearly one 
where both the United States and Canada re- 
duced output. Regardless, rent-seeking activi- 
ties on the part of the U.S. potash producers to 
persuade Washington to impose temporary duties 
were, as shown later, costly to U.S. farmers; 
also, U.S. potash producers gained less than users 
lost. 

Antidumping behavior changes the mean price 
of fertilizer purchased by U.S. farmers. If de- 
mand fluctuates between TD’ and TD (figure 2), 
farmers would pay prices ranging between P and 
P,. However, with the threat of antidumping ac- 
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tivity, farmers pay prices ranging between P, and 
P,. As a result, the mean price of fertilizer fac- 
ing U.S. farmers increases. 

It appears that a U.S. lawsuit was necessary 
to change the pricing and production strategy of 
Canadian producers. Why this apparent irra- 
tional behavior by Canadian firms prior to the 
antidumping litigation? There are several expla- 
nations: (a) Canadian potash producers might 
have expected that potash demand would be weak 
for only a short period of time (in this case, a 
strategy of shutting down and reopening several 
potash mines may have been viewed to be a more 
costly alternative than that which was actually 
followed); (b) the producers might not have per- 
ceived the magnitude of the demand shifts; (c) 
there may have been predatory pricing behavior 
by one or two of the potash corporations within 
the Canadian complex; and (d) for many potash 
firms, it is difficult to cut back production dras- 
tically in a short period of time. (Ethier). To do 
this requires substantial layoffs. This is politi- 
cally unacceptable, especially for PCS which, at 
the time of the countervailing duty action, was 
entirely a Crown Corporation. Worker layoffs 
could be justified much more easily as a re- 
sponse to countervailing duty action. 

Regardless of the reasons, the Canadian po- 
tash industry was unable to cut back production 
to raise prices significantly to cover production 
costs. The U.S. countervailing duty case against 
potash exports, if not caused, at least coincided 
with both a reduction in Canadian output and a 
price increase.* It is perhaps ironic that the Ca- 
nadian Potash industry was the subject of an an- 
tidumping lawsuit. Saskatchewan producers, al- 
though they are of a different nature than those 
that made up the industry in the 1980s, had wit- 
nessed a U.S. dumping charge previously. In 
the 1960s, because of expanding capacity in 
Canada and the USSR, potash prices fell ap- 
proximately 50% from 1965 to 1969. In the late 
1960s, the economic hardship encountered by 
the higher—cost New Mexico producers caused 
layoffs of workers. As a result, political pres- 
sure developed to decrease the amount of potash 


* A shortcoming of our analysis is that one cannot conclude that 
the price of potash increased as a result of the lawsuit. Perhaps PCS 
and others would have raised prices anyway. In conjunction with 
the countervailing duty case, the dynamics of firm behavior in cut- 
ting back output takes on many dimensions. PCS appeared to be 
the leader in raising prices and cutting output; other firms followed. 
However, for a time at least, PCS lost market share to some of its 
Canadian competitors. The pricing strategy followed by Canadian 
potash firms over time is a topic of further research and is not dealt 
with in this paper. 
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entering the United States. During the 1960s, 
Saskatchewan accounted for 93% of U.S. im- 
ports, which was 70% of Saskatchewan’s pro- 
duction. The U.S. Treasury initiated charges of 
dumping against Canada. In August of 1969, the 
U.S. treasury deemed that dumping had oc- 
curred and referred the case to the U.S. Tariff 
Commission to determine the restrictions to be 
placed on potash entering the U.S. market. At 
the same time, the Saskatchewan government 
developed a prorationing scheme to increase the 
price of potash sold in the United States. Each 
Saskatchewan producer was granted a quota based 
on its proportion of total industry capacity. Also, 
a minimum price was established which, if vi- 
olated, would lead to the cancellation of the op- 
erators’ production license. The price set by 
Saskatchewan firms became the world price, and 
New Mexico producers were able to operate close 
to capacity. 

The prorationing of the 1970s has made Sas- 
katchewan firms aware of the benefits of co- 
operating. It caused the price of potash to in- 
crease by $30 per tonne (constant 1980 
$Canadian) from 1969 to 1970. The total quan- 
tity produced in Saskatchewan decreased, but 
their profits increased because of the inelastic 
nature of potash demand. In 1973 there was a 
strong increase in demand for potash, and the 
program was aban ‘oned in 1974 (Anderson, pp. 
5—8). 


Empirical Analysis 


In calculating the rents lost and gained by the 
various groups from the U.S. antidumping case 
in 1987, the prices used were free on board (FOB) 
the potash mine. The prices were deflated to the 
1982 level; therefore, all prices and welfare 
measures are given in 1982 dollars. | 

Olewiler (pp. 8, 9) estimated a series of av- 
erage cost curves for various Saskatchewan mines 


- and found that they were U-shaped with a rel- . 


atively large region of constant unit cost. The 
cost included all mine and mill operating costs 
excluding taxation and depreciation. If the mines 
and mills were operated at full capacity (500,000 
to 800,000 metric tons per year), then the av- 
erage costs would be between $30 and $48 per 
metric ton of potassium oxide, or $49 to $79 per 
metric ton of potassium chloride Gn 1982 dol- 
lars). In this analysis, the marginal cost used for 
Canada was based on an average of Olewiler’s 
estimates, and the U.S. marginal cost was as- 
sumed to be 57% greater than Canada’s mar- 
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ginal cost. The estimates of the marginal cost, 
excluding transportation and retail costs, were 
$40 for Canada and $62 per metric ton of po- 
tassium oxide for the United States. — 

The transportation costs incurred by Sas- 
katchewan and U.S. producers are approxi- 
mately the same because most U.S. producers 
are located in New Mexico and, therefore, Sas- 
katchewan and U.S. producers have similar dis- 
tances to the major domestic market area in the 
Corn Belt region of the United States (the mid- 
western United States). The transportation costs 
will shift back and forth in favor of the Sas- 
katchewan or U.S. producers, depending on the 
current transportation and economic policies as 
well as the market conditions. Generally, the 
northern states obtain most of the potash they 
consume from Canada, while the southern states 
are supplied by the Carlsbad, New Mexico, pro- 
ducers. The Saskatchewan and New Mexico 
producers compete mainly in the central states 
(Bennett, p. 43). In this paper, the transporta- 
tion costs for the United States and Canada were 
assumed to be the same. Transportation costs 
from Saskatchewan to the major U.S. markets 
vary between $42 and $62 per metric ton of po- 
tassium chloride (1983—84 dollars), depending 
on the type of transportation. An average of $31 
per metric ton of potassium oxide was used for 
both Canada and the United States because they 
incur similar transportation costs. Transporta- 
tion costs account for 25%—50% of the U.S. 
farmers’ average retail price of potash. Fixed 
transportation and retail costs were included to 
determine the price paid by farmers. 

The demand curve for fertilizer is generally 
considered price inelastic because there are few 
substitutes. The demand for potash is derived 
from the demand for the crops for which potash 
is an input (Fulton and Schmitz, p. 3). Bennett 
estimated the price elasticity in the U.S. market 
to be —0.38 from 1960 to 1980. Heady and Yeh 
found a price elasticity of demand in the United 
States to be —0.403 for the time period from 
1926 to 1956. Hee estimated an elasticity of 
—0.46 from 1956 to 1965. Marhatta estimated 
a price elasticity of demand for aggregate U.S. 
potash for the period, 1950 to 1974, to be —0.53. 
Olewiler (p. 12) estimated a long-run price elas- 
ticity of demand in North America from 1973 
to 1984 to be —0.36. Thus, an elasticity of —0.4 
was used in the model. 

In deriving the demand equations to calculate 
the user rents, the demand intercept was as- 
sumed to be changing while the slope remained 
constant. Therefore, the assumption was that the 
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demand was shifting from one time period to the 
next as a result of possible changes in the prices 
of corn and other grains that would affect the 
demand for potash. Allowing the intercept to ‘shift 
is a more realistic approach than allowing the 
slope to change which would imply that the 
farmer response to a change in the price of po- 
tash was changing over time. This is illustrated 
in figure 3. If the demand curve for potash fer- 
tilizer shifts from D, to D, with a corresponding 
price increase from P, to P2, then user surplus 
has increased (a,c,P, — a,b,P,;) even though the 
price has increased. To quantify the impact of 


‘the countervailing duty action by the United 


States, the change in user surplus has to be es- 
timated for a given demand curve. For example, 
if demand is D, and the price is increased from 
P, to P, due to legal action, then the change in 
user surplus is P,c,b,P,. From figure 3, in order 
to estimate the effects of the countervailing duty 
case, one has to compare periods before and af- 
ter the litigation where demands are compara- 
ble. 

The capacity of the U.S. potash producers was 
estimated using Korol’s producer capacity uti- 
lization rates. The maximum value of the U.S. 
capacity estimated was 834,000 metric tons per 
six-month period based on a capacity utilization 
of 93% of production in 1979. The capacity level 
was assumed to remain constant over the data 
range from 1982 to 1988. 

The rents are calculated for periods before and 
after the imposition of the tariff; the tariff level 
is based on the margin percentages imposed on 
the Saskatchewan firms when the duties were in 
place. 
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Figure 3. Measure of change in user sur- 
plus given a change in demand 
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The margin percentages for firms in Sas- 
katchewan were: 


Margin 
Firm (%) 
Potash Corporation of Saskatchewan 51.90 
International Mineral and Chemical 9.14 

Corporation 

Kalium Chemicals 29.67 
Noranda, Inc. 85.20 
Potash Company of America 77.40 
All others 36.62 


A weighted average margin, 41.43%, was used. 

The estimated user and producer rents from 
1982 to 1988 are given in table 1. In 1982, there 
was a large decrease in producer rents as prices 
and sales of potash declined sharply. Producer 
‘ents in the United States became negative in 
1985 and remained so until 1988. Canadian rents 
yecame negative in 1986 and remained so until 
1988. The Canadian marginal cost is lower than 
he U.S. marginal cost and, therefore, Canada 
lid not incur a loss in surplus until 1986 (2).° 
The large Canadian loss in 1987 (2) from sales 
in the United States was caused, in part, by the 


$ Throughout the text, (1) refers to the period January-June and 
2) refers to the period July-December. 
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tariff duties raising the Canadian marginal cost 
by 15% from 21 August 1987 to 8 January 1988. 

The numbers show that after the imposition 
of the duties, U.S. producer rents were at least 
$15 million higher in 1988 (2) than in 1986 (2).° 
The corresponding number from the period 1986 
(1) to 1988 (1) was roughly $13 million. 

As a result of the price increase and the elim- 
ination of the tariff duties, Canadian potash pro- 
ducer rents in 1988 (2) were roughly $175 mil- 
lion higher than in 1987 (1). The gains from 
increased sales to the United States market ex- 
ceeded the gains from offshore sales.’ 

The user rents fluctuate from year to year due 


6 As the theory suggests, for Canada to maintain prices to avoid 
further countervailing duty action by the United States, Canadian 
firms have to adjust by cutting back production. As a result, in the 
North American market, U.S. producers’ share would increase. This 
appears to be what has happened, and our estimates take market 
share changes into account. For the marketing year ending 30 June 
1990, U.S. producers provided roughly one million metric tons to 
the U.S. market, which is greater than 20% of the market supplied 
by all North American producers. Prior to the imposition of the 
countervailing duties, this market share was generally 15% or less. 

7 Offshore prices also rose and are positively correlated with U.S. 
prices. Because Canpotex’s offshore prices follow U.S. prices with 
a lag, the offshore rent of $55.4 million for 1987 is overstated (ta- 
ble 1). 





Table 1. Potash: User and Producer Rents, 1982-88 
Producer Surplus 
U.S. Canad 
Time User aiaks 
Period" Surplus To U.S.” To Offshore“ U.S. 
a ere (U.S. $ thou.) --------------—--------~------------- seen ene 
Prior to duty 
1982 (1) 364,550 75,027 32,944 11,419 
1982 (2) 271,333 47,053 21,204 1,745 
1983 (1) 395,411 44,645 25,430 1,415 
1983 (2) 559,877 52,726 25,092 1,477 
1984 (1) 430,164 61,452 41,837 4,558 
1984 (2) 464,418 69,069 33,449 390 
1985 (1) 513,917 49,979 18,368 ~~ 744 
1985 (2) 324,040 14,723 7,869 —3,971 
1986 (1) 517,223 12,962 6,453 — 5,386 
1986 (2) 245,306 —1,074 — 850 —8,219 
1987 (1) 243,030 —3,842 —2,904 —643 
Interim duty" 
1987 (2) 298,673 —25,388 25,288 —901 
Post duty’ 
1988 (1) 443,478 71,543 55,431 7,526 
1988 (2) 443,898 99,951 70,335 7,234 


Source: Calculated. 


Note: Rents are based on the actual prices and quantities, 1982—88; elasticity of demand = —0.4 
' Prior to duty, 1982 (1) through 1987 (2), and interim duty, 1987 (2); figures represent United States and offshore. 


' Canadian producer rents from sales to the U.S. market. 

' Canadian producer rents from sales to the offshore market. 
| Time period before duty was put in place. 

‘Time period while duty was put in place. 

Time period after duty was suspended. 
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to shifting demands brought about by, for ex- 
ample, changes in net farm income. As a result, 
the absolute user rents could increase from one 
year to the next even if prices increased. This 
is evident from table 1, where the absolute user 
rents are given for selected time periods. 

The effect of potash duties on U.S. farmers 
can be seen by comparing the user rents be- 
tween 1986 (1) and 1988 (1). Agricultural sales 
of muriate of potash were 2.499 million metric 
tons of potassium oxide, which was very close 
to the agricultural sales of 2.314 million metric 
tons in 1988 (1). User rents decreased by roughly 
$73 million between 1986 (1) and 1988 (1). 

In summary, the effects from the U.S. anti- 
dumping litigation against Canada during the 
period 1986 (1) to 1988 (1) were: 


(1) U.S. Potash Producers 
(2) Canadian Potash Producers 
(3) U.S. Farmers 

Net Effect 


+$ 12.9 million 
+$108.4 million 
—$ 70.4 million 
+$ 50.9 million 


From the above, the Canadian firms were the 
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largest gainers from resolving the potash dispute 
between the United States and Canada. The los- 
ers were U.S. farmers. There was a net gain of 
roughly $51 million. This is a conservative es- 
timate since, by comparing other time periods, 
the Canadian potash producers gained much more 
than the $108.4 million shown above. The above 
numbers show that, in aggregate, the “gainers” 
gained more from the lawsuit than the “losers” 
lost. From a U.S. perspective, however, it would 
have been in the best interest of U.S. farmers 
to bribe the U.S. potash firms to the tune of 
roughly $15 million in order for them not to in- 
stigate legal procedures. It follows that, from a 
U.S. perspective, the “gainers” gained much less 
than the “losers” lost. 


Pricing Strategy of Canadian Firms 


In this section, we present results for selected 
time periods to determine the type of pricing be- 
havior carried out by Canadian firms (table 2). 


Table 2. Potash: Effects of Different Price Strategies (selected years) 





Time Period and U.S. User 
Price Strategy* Surplus 
Prior to duty® 
1983 (2) 
Competitive strategy” 626,779 
Actual strategy 559,877 
Dominant strategy 156,695 
1985 (1) 
Competitive strategy 566,209 
Actual strategy 513,917 
Dominant strategy 141,552 
1986 (1) 
Competitive strategy $32,311 
Actual strategy 517,223 
Dominant strategy 133,078 
Interim duty* 
1987 (2) 
Competitive strategy 265,831 
Actual strategy 298,673 
Dominant strategy 66,458 
Post duty* 
l 1988 (1) 
Competitive strategy 537,054 
Actual strategy 443,478 
Dominant strategy 134,263 


Source: Calculated 


Producer Surplus 


Canada U.S 
nenene nemm (U.S. $ thou.) ~------—~~~--- oon ea ee ee 
0 — 18,348 
52,726 1,477 
123,371 171,671 
0 — 18,348 
40,979 ~744 
102,501 162,256 
0 l — 18,348 
12,962 — 5,386 
91,041 156,766 
0 13,038 
—26,388 —901 
9,167 136,787 
0 — 18,348 
71,543, 7,526 
92,634 157,545 


Note: Price strategy effects are based on the prices and quantities generated for the competitive, actual, and dominant strategies; elasticity 


of demand = —0.4 


* (1) refers to the period January—June; and (2) refers to the period July-December. 
> Under the competitive situation, the Saskatchewan firms have zero producer surplus since they set a price equal to marginal cost. The 
U.S. producers incur a loss if they continue to produce since their marginal cost is greater than the marginal cost of Saskatchewan 


producers, 

° Time period before duty was put in place 
$ Time period while duty was put in place. 
° Time period after duty was suspended. 
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The rents generated by the actual strategy are 
compared with the outcomes from two alterna- 
tive models: (a) Canadian potash producers act 
competitively; (b) they act as a dominant firm. 
The theoretical base was developed earlier. The 
results show that the actual behavior of potash 
firms is neither competitive nor dominant. The 
actual behavior seems to deviate significantly 
from either a competitive or dominant strategy. 
In comparing the dominant strategy with either 
the competitive or actual strategies, the rent ef- 
fect for U.S. producers is much greater than for 
Canadian producers. That is, a dominant firm 
strategy increases the rents to U.S. firms to a 
greater extent than for Canadian producers. The 
theoretical model supports this conclusion be- 
cause one is assuming that U.S. firms under a 
dominant pricing strategy continue to operate at 
capacity. However, in interpreting these results, 
the demand elasticity for potash plays a key role. 
The estimates in the table are based on an in- 
elastic demand schedule for potash. However, 
the rents would be much lower from a dominant 
pricing. strategy if the price elasticity for potash 
demand were elastic. 

From a U.S. producer perspective, clearly, 
the dominant firm strategy generates the worst 
possible outcome. For example, under a com- 
petitive strategy, the user rents are at least three 
times greater than under a dominant firm strat- 


egy. 


Conclusion 


The two U.S. potash firms gained sizable rents 
from their rent-seeking strategy of lobbying their 
government to bring countervailing duty action 
against Canada. But the Canadian producers also 
gained as the U.S. removed the duties in re- 
sponse to Canada raising its export price. The 
U.S. antidumping action resulted in a coopera- 
tive solution where both the U.S. and Canadian 
producers gained rents at the expense of the U.S. 
users. 

Our results show that the North American po- 
tash producers gained more from the U.S. an- 
tidumping action against Canada than what U.S. 
farmers lost. However, from a U.S. perspec- 
tive, potash producers gained less than what 
farmers lost. Usually, in agricultural border dis- 
putes, the opposite is the case, in that they in- 
volve farm producers who gain by bringing an- 
tidumping charges against exporters. 

Fortunately for U.S. farmers, even with the 
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threat of tariffs reappearing—in the event that 
future dumping might occur—Canadian potash 
producers are not using a dominant firm pricing 
strategy in the North American market. If the 
theoretical dominant firm strategy were fol- 
lowed, the U.S. producers would incur signifi- 
cant additional costs. 


[Received February 1990; final revision 
received August 1990.] 
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Effects of Technological Change and 
Institutional Reform on Production 
Growth in Chinese Agriculture 


Shenggen Fan 


Recent rapid agricultural production growth in Chinese agriculture could be attributed to 
an increase in inputs, technological change, and institutional reform. An accounting 
approach was used to separate the relative contribution of these three factors. 
Institutional change, like the introduction of the household production responsibility 
system, has contributed to past growth in production. However, technological change is 
crucial to furthering production growth because of the limited potential for significant 
increase in the use of conventional inputs, in particular land. Continued institutional 
change must accompany corresponding technological changes. 


Key words: agricultural production growth, China, frontier production function, 
institutional change, regional growth, technological change, total factor productivity. 


From 1949 to 1986 agricultural production grew 
4% a year in China (Fan). This growth was the 
most rapid among all the socialist countries 
(Wong) and even more rapid than growth in most 
developing countries (Hayami and Ruttan). 
Contributing to the rapid production growth was 
a series of technological and institutional changes 
and rapid increase of modern inputs. Since 1979, 
efforts have been made to improve incentives 
and stimulate production by decentralizing au- 
thority and responsibility for production deci- 
sion to family units. Substantial improvement in 
productive efficiency has resulted. 

Using a traditional accounting approach ini- 
tiated by Solow, Perkins and Yusuf, and Wiens 
measured the total factor productivity in Chinese 
agriculture; however, the sources of productiv- 
ity growth in their studies were not identified. 
Recently, some studies have measured the ef- 
fects of institutional change on production and 
productivity growth. Lin (1987) attributed the 
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rapid growth in agricultural production from 198C 
to 1984 to the household production responsi- 
bility system. He found that 20% of productivity 
growth, or 60% of agricultural productior 
growth, was attributed to the institutional change. 
However, he ignored the effects of technologi- 
cal change on production and productivity 
growth. McMillan, Whalley, and Zhu used the 
accounting approach to capture the effects of re- 
forms in prices and incentive systems on total 
productivity growth. Their results suggest that 
22% of the increase in productivity in China’s 
agriculture between 1978 and 1984 resulted from 
higher prices and 78% from change in the in- 
centive system. They also ignored the effects of 
technological change. 

The purposes of this study are to develop ¢ 
new approach to capture the relative contribu- 
tions of input growth, technological change, and 
organizational reforms to growth of agricultural 
production and to apply the approach to the ma- 
jor agricultural production regions of China. 
During the 1950s, the Chinese government di- 
vided the country into six administrative re- 
gions. This division is inappropriate for an anal- 
ysis of agricultural productivity. However, 
formulating regions on differences in land use 
is not feasible because of data limitations. 
Therefore, in this study the country is divided 
into seven regions that take into account the 
availability of the agricultural data, the geo- 
graphical features, and the current social and 
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cultural conditions. These regions adhere closely 
to the administrative division and are as follows: 
(a) Northeast (NE): Heilongjiang, Liaoning, and 
Jilin provinces. (b) North (N): municipalities of 
Beijing and Tianjin; Hebei, Henan, Shandong, 
Shanxi, Shaanxi, and Gansu provinces. (c) 
Northwest (NW): autonomous regions of Nei 
Monggol, Ningxia, Xinjiang, and Tibet; Qin- 
ghai province. (d) Central (C): Jiangxi, Hunan, 
and Hubei provinces. (e) Southeast: (SE): 
Shanghai municipality; Jiangsu, Zhejiang, and 
Anhui provinces. (f) Southwest (SW): Sichuan, 
Guizhou, and Yunnan provinces. (g) South (S): 
Guangxi autonomous region; Fujian and Guang- 
dong provinces.’ 


Effects of Input Growth, Technological 
Change, and Efficiency Improvement 


In traditional productivity theory, total produc- 
tion growth consists of movements along the 
production function (an increase of total inputs) 
and shifts of the production function (techno- 
logical change), assuming that the firm is per- 
fectly efficient in production. The growth rate 
of total factor productivity is the growth rate of 
total output minus the growth rate of total input; 
hence, technological change is considered the 
unique source of productivity growth, and the 
effects of efficiency improvement on productiv- 
ity growth are ignored. The assumption of per- 
fect efficiency in production is unrealistic. Dif- 
ferences among firms between realized output 
and potential output are caused by differences 
in the capacity to use new technological knowl- 
edge and in the motivations of farmers. If this 
assumption is relaxed, total production growth 
can be attributed to efficiency improvement as 
well as to increased inputs and technological 
change. Different policy inferences may be drawn 
inasmuch as technological change and effi- 
ciency improvement represent fundamentally 
different sources of growth in production. 
Therefore, a new approach will be developed to 
capture all three effects on production growth. 
In this study technological change is defined 
as a shift of the frontier production function. Ef- 
ficiency improvement is defined as the decrease 
in the distance between the firm’s realized out- 
put and its potential output (or frontier). The 
different sources of production growth are shown 
in figure 1. At times 1 and 2, the producer faces 





Hainan was not separated from Guangdong province. 
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Frontier 2 


x1 X2 


Figure 1. Effects on production growth of 
input increase, technological change, and ef- 
ficiency improvement 


production frontiers 1 and 2, respectively. If 
production were perfectly efficient, output would 
be 7} at time 1 and 7¥ at time 2. However, the 
producer’s realized output is Y, at time 1 and Y, 
at time 2 owing to production inefficiency. 
Technological change is measured by the dis- 
tance between frontier 2 and frontier 1, i.e., 
T¥ — Tř. Inefficiency is measured as the dis- 
tance between the frontier and the output real- 
ized by the producer, i.e., Æ, at time 1 and E, 
at time 2. Hence, the improvement of efficiency 
over time is the difference between E, and E). 
The contribution of input change is measured as 
Z. Therefore, the total production growth can be 
decomposed to three effects: input growth, tech- 
nological change, and efficiency improvement. 


Y, — Y, = Z+ (Tf ~ Tf) + (A, — E). 


Prior to the introduction of the household pro- 
duction responsibility system to Chinese agri- 
culture, production was organized by produc- 
tion teams or state farms. A farmer’s income 
was not closely related to his production effort. 
After the reform, when producers became re- 
sponsible for their plots, they worked harder, 
allocated resources more efficiently, and pro- 
duced more output with the same input and 
technology. If only technological change is con- 
sidered as the source of production and produc- 
tivity growth, the effects of technological change 
will be overestimated by ignoring institutional 
change. Therefore, efficiency improvement is 
used in this study to capture the effect of insti- 
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tutional change on production and productivity 
growth. 


Frontier Production Function 


The frontier production function approach, ini- 
tiated by Farrell in 1957, has been expanded by 
various methods of measuring and computing 
production functions and efficiency (Lovell and 
Schmidt). The main approaches include pure 
programming, modified programming, the de- 
terministic statistical frontier, and the stochastic 
frontier. Pitt and Lee indicated that the pro- 
gramming approach and the deterministic fron- 
tier approach do not allow for random shocks in 
the production process; as a result, a few ex- 
treme observations can determine the frontier and 
exaggerate the maximum possible output. In this 
study, the stochastic frontier approach is em- 
ployed to avoid this problem. 
Consider the following production function: 


(1) Ya = fxi de" e", or 
InY Y; z MAXi b) T Vir alr Ui, 


where i denotes the ith firm or region, and f de- 
notes time t, Y, is output; x; is 1 X k rows of 
inputs; AXi, b) is potential output; v;, is a sto- 
chastic variable representing uncontrolled ran- 
dom shocks in production; and u,, is one-sided 
distribution, u = 0, which represents technical 
inefficiency. In (1), AXi bje" is the stochastic 
frontier, given that v; consists of random factors 
outside the firm’s control. The nonpositive dis- 
turbance u indicates that output must lie on or 
below the frontier f(x, b)e” because e“ has a 
value between zero and one. It is assumed that 
for t Æ t, E(u) = O for all i, and E(u;1,;') 
= 0 for all i # j. In this specification, the firm’s 
inefficiency may change over time by learning 
from experience. We also assume u is truncated 
normal with variance oĉ, v is normal with mean 
zero and variance o4, and E(u,V,') = 0. 

The efficiency for a firm or region i at time 
t, then, is defined as 


Y; 
fain bje” 


Based on the conditional distribution of Uy 
given the distribution Va + up, the efficiency of 
a specific firm or region at a given time can be 
measured as (Kalirajan and Flinn) 
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eas Er = Vy + Ug, © iS Standard error of Ep, 
= Ojo , and f(.) and F(.) are the values of 
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The next step of the specification is to choose 
an appropriate functional form. Consider a pro- 
duction process that uses n inputs to produce one 
output represented by the production function 


(3) Y= f(x... X T), 


where Y is output, x; is ith input and T is used 
to catch technical progress (time trend). The un- 
restricted translog form can be used to represent 
production function (3). However, the translog 
form needs considerable data and has many 
variables which may lead to multicollinearity 
problems. Consider a restriction that all inputs 
are separable from each other, but each input 
cannot be separated from technical progress: 


(4) Y = fig (x1, T}, DeF E T}. 


The theoretical background of this form comes 
from the fact that every input changes over time 
while the effects among inputs are indirect 
through time. Then, the following production 
function form can be used to represent (4): 


6) In(Y) =a, +at+ > ana) 
+ ` ay, ln(x) X t + ayt. 


If all inputs and time are considered separa- 
ble, the production function can be expressed as 


(6) Y = f{g, (xı), e.. ` En (a)i T}. 


The Cobb-Douglas production function can 
be used to represent (6) 


(7) = n(¥) =a, +Y, a; In) + at. 


Owing to the serious multicollinearity prob- 
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lem of the translog form and the constancies of 
production elasticities in the Cobb-Douglas form, 
functional form (5) is used for the estimations. 
The Cobb-Douglas form and average production 
functions are also estimated for comparison pur- 
poses.” 


Estimation of Production Functions and 
Efficiency 


Panel data from twenty-nine provinces, munic- 
ipalities, and autonomous regions in 1965, 1970, 
1975, 1976, through 1986 are used in the esti- 
mations. Gross agricultural production value 
serves as the aggregate total output using 1980 
constant prices. The subaggregates are (a) crop 
production, (b) forestry, (c) animal husbandry, 
(d) sideline industries, and (e) fisheries. Rural 
industry at all levels (including town, village, 
and teams) is excluded from agricultural pro- 
duction.’ 

Labor input in agriculture is measured by the 
numbers of employed persons at year end.* The 
sum of sown areas and pasture is used to mea- 
sure land input because the arable land data are 
inaccurate. Pasture areas are calculated in sown 
land area equivalence for output value, i.e., one 
unit of pasture equals .0124 of a unit of sown 
land (in 1985).° Chemical fertilizer input is 
measured by pure nutrients, using the following 
percentage: 20% for ammonium sulfate, 18.7% 
for super phosphate, and 40% for potassium sul- 


? The traditional estimation of a production function assumes that 
every firm is technically efficient, resulting in the average produc- 
tion function, i.e., Yy = f(x be, where eit has normal distri- 
bution, M(0, o°). 

3 The time series of provincial monetary value of total production 
(measured in 1980 constant prices) before 1985 is reported in Col- 
lection of Statistical Materials in National Income, 1945-1985, State 
Statistical Bureau. The data after 1985 are reported in China's Sta- 
tistical Yearbooks, 1986, 1987, State Statistical Bureau. 

* The provincial data of labor before 1980 are calculated from 
the provincial agricultural population. 


Fig 
Li = Py X =e X Tais 
Fn,80 


where L; denotes ith region’s labor input in year ¢; Pa, ith region’s 
population in year ¢; rg, ith region’s ratio of labor to population 
in year of 1980; r, 99, national ratio of labor to population in year 
1980. rp» national ratio of labor to population in year ¢. The data 
for agricultural population before 1980 are taken from National Ag- 
ricuitural Statistical Materials for 30 Years (1949-1979), State 
Statistical Bureau. The data of agricultural labor after 1980 are taken 
from various issues of China’s statistical yearbooks. 

$ The data for sown areas and pasture are taken from National 
Agricultural Statistical Materials for 30 Years {1949—1979}, State 
Statistical Bureau. 
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fate.° Machinery input is measured by total 
horsepower at year end.’ 

Manurial fertilizer, which always has been very 
important in China, includes animal, human, and 
crop wastes; green manures; and water plants. 
In this study, manurial fertilizer is measured from 
the agricultural population (i.e., human waste) 
and numbers of domestic animals.* Draft ani- 
mals are measured at year end in units of heads. 
that are used for agricultural activities and rural 
transportation. They include water buffaloes, 
cattle, horses, asses, mules, and camels.” Irri- 
gation input is measured as irrigated areas." 

The results of production function estimation 
for the different specifications are shown in ta- 
ble 1. The ordinary least squares technique is 
used for the average production function esti- 
mation and the maximum likelihood technique 
for the frontier production function. The Cobb- 
Douglas form is used for regressions 1 and 2. 
Time trend (7) measures neutral technological 
change over time. Except for machinery and ir- 
rigation, the coefficients of regressions 1 and 2 
are very significant considering the crudeness of 
the data. However, the negative coefficients of 
draft animals are unrealistic. The sum of pro- 
duction elasticities of traditional inputs (except 
for draft animals) is more than .75, which im- 
plies that traditional inputs still dominate Chi- 
na’s agricultural production. Chemical fertilizer 
input plays an important role in production. The 
Significant and positive time trend coefficient 


6 The data before 1980 are reported in National Agricultural Sta- 
tistical Materials for 30 years (1949-1979). The data after 1980 
are taken from various issues of China's statistical yearbooks. ` 

7 The horsepower of 1965 and 1970 is interpolated based on the 
numbers of hand tractors and other tractors. The horsepower from 
1970 to 1975 is taken from the National Agricultural Statistical 
Materials for 30 Years (1949-1979). The horsepower after 1980 
is taken from various issues of the statistical yearbooks. 

è The FAO estimated that one animal (horse unit) produces about 
4 tons of manure per year and a person produces .25 ton per year. 
Manure contains 2.2% pure nutrient, and the manure availability 
is about 75% of total use. Therefore, manurial resources are esti- 
mated as follows: 


Annual manurial resources (tons) 
= ((.25 X rural population + 4 
x numbers of livestock) X 2.2%) X 75%. 


The results of this estimation are not significantly different from 
that of Stone (Tang and Stone). 

? The numbers of draft animals befere 1980 are taken from the 
National Agricultural Statistical Materia!s for 30 Years (1949-1979). 
The numbers after 1980 are taken from various issues of statistical 
yearbooks after 1980. . 

'© The data of irrigated areas before 1980 are reported in National 
Agricultural Statistical Materials for 30 Years (1949-1979), Those 
after 1980 are published in the various issues of statistical year- 
books. 
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Table 1. Estimates of Production Functions 
RI R2 R3 R4 R5 R6 
Regression No: (Average) (Frontier) (Average) (Frontier) (Average) (Frontier) 
Constant —2.81 —2.70 -2.81 —3.19 —2.92 —2.82 
(10.72)° (= 11:27) (5.23) (—6.13) (~6.24) (-—6.14) 
LABOR .278*° .266* .420* .417* .438* .428* 
(7.19) (6.14) (£.16) (4.66) (5.40) (4.94) 
LAND .356* .379* .243* .331* .246* .261* 
(7.88) (9.39) (2.40) (3.99) (2.78) (3.60) 
C. FERT* .235* .236* .140* O89*** .132* .132* 
(8.71) (9.29) (2.70) (1.66) (2.57) (2.61) 
MACHINERY .055** ,051** .078*** .123* .O75*** 068 *** 
(1.77) (1.82) (1.39) (2.52) (1.35) (1.30) 
M. FERT‘ .185* .178* OF bag .266* .241* .241* 
(5.30) (5.67) (2.99) (3.27) (4.18) (3.40) 
ANIMALS = 152" — ,133* .002 — ,026 
(—5.13) (—4.94) (.037) (—.301) 
IRRIGATION .059** .O55** .009 —,037 
(1.81) (1.66) (145) (—.537) 
T .0123* .0125* .0014 .0420 .0496 .OS05*** 
(2.41) (2.17) (.364) (,980) (1.28) (1.33) 
LABORT” —.0097** —,0109** —.Q111* —.0108** 
(—1.822} (—1.79) (--2.07) (—1.83) 
LANDT* — 0024 — .0065 — 0073 — QO77*** 
(—.368) (—1.20) (1.25) (—1.64) 
C. FERTT‘* .0068** .0087* .0083* .0081* 
(1.83) (2.41) (2.23) (2.30) 
MACHINERYT“ .0080** .0083* .0092* .0098* 
(1.93) (2.08) (2.33) (2.56) 
M. FERTT‘ — 00006 — .0014 — ,0050 — 0051 
(— 013) (—.273) (~1.27) (—1.13) 
ANIMALST“ — 006 — .0041 
(-1.51) (—.725) 
IRRIGATIONT* — 0003 .0006 
(—.064) (.118) 
F? .00147* .0013* .0012** .0011*** 
(2.23) (2.30) (1.80) (1.58) 
A .822* 1.278* B21*** 
(2.17) (3.23) (1.56) 
g .288* .266*F .254* 
(9.38) (10.99) (6.84) 
Observations 406 406 406 406 406 406 
R? .940 .932 957 -942 .954 .959 


‘ Numbers in parentheses are t-test values. 


> Single asterisk indicates significant at 5% level, double asterisk indicates significant at 10% level, and triple asterisk indicates significant 


at 20% level. 


°C, FERT is chemical fertilizer; M. FERT, manurial fertilizer; T, Tame Trend, T = 1 for 1965, T = 6 for 1970, ... T = 22 for 1986; 
LABORT, cross term of labor and time trend; LANDT, cross term of land and time trend ... ; IRRIGATIONT, cross term of irrigated 


areas and time trends. 


strongly suggests that total factor productivity in 
Chinese agriculture has increased through neu- 
ral technological change. 

Functional form (5) is used for regressions 3, 
t, 5, and 6. Production elasticity for input i in 
his production functional form is dlnY/délInx; = 
1; + aat. Thus, if a, > 0, production elasticity 
of input i is increasing; if a, < 0, production 
slasticity of input į is decreasing. 

Regressions 3 and 4 use the same input vari- 
ibles as regressions 1 and 2. In addition, the 


cross-term of each input and time trend captures 
the relative changes of each input in total input 
over time. The greater significance of the coef- 
ficients in regression 4 relative to those in 
regression 3 implies that the frontier production 
function used for estimation improved the re- 
sults. Labor, land, draft animals, and manurial 
fertilizer play a decreasing role in production, 
whereas production elasticities of chemical fer- 
tilizer and machinery increase over time. 
Because the coefficients of draft animals are 


Fan 


negative and the irrigation coefficients are not 
significant in regressions | through 4, these two 
variables are omitted in regressions 5 and 6. Some 
effects of draft animals on production are re- 
flected by manurial fertilizer. The improvement 
in irrigation in China mainly occurs through in- 
creased irrigation power rather than an expan- 
sion in the size of irrigated areas. Therefore, these 
omissions do not greatly affect the estimation. 
Furthermore, these omissions avoid the collin- 
earity among draft animals, manurial fertilizer, 
and land input. Most of the estimators in regres- 
sions 5 and 6 are significant. The omissions of 
draft animals and irrigation did not cause changes 
in other coefficients. Again, the frontier esti- 
mation is superior to the average estimation. 
Table 2 shows that production elasticities 
(calculated using regression 6) of traditional in- 


puts—land, labor, and manurial fertilizer—are | 


decreasing: labor by 3.6% per year; land, 4.6%; 
and manurial fertilizer, 3.1%. The annual rates 
of increase of production elasticities for modern 
inputs—machinery, 6.5%; chemical fertilizer, 
3.9%-—are greater than the rates of decrease for 
traditional inputs. 

The results in table 2 can be compared to those 
of other studies. For example, Ma, Calkins, and 
Johnson estimated the production elasticities 
(using 1984 data) for Shuyang county, Jiangsu 
province. The ranges in value for their elastic- 
ities were as follows: labor, .25 to .36; land, .17 
to .20; chemical fertilizer, .17 to .23; manurial 
fertilizer, .08 to .11; and other inputs, .22 to 
.29. The elasticities vary depending on crops. 
Wong’s estimation of the production functions 
(using 1960—80 data) for nine socialist countries 
resulted in the following production elasticities: 


Table 2. Production Elasticities for Differ- 
ent Inputs, 1965-1985 


Chemical Manurial 
Labor Land Fertilizer Machinery Fertilizer 
1965 .417 .253 .140 .078 .235 
1970 .363 .215 .181 .127 .210 
1975 .309 .176 .221 .176 .185 
1976 .298 .168 .229 .186 .180 
1977 .287  .161 .237 .195 .174 
1978 .276 ~ .153 .246 .205 .169 
1979 .265 .145 .254 .215 .164 
1980 .254 .138 .262 22) .159 
1981 .244 .130 .270 .234 .154 
1982 .233 -122 .278 .244 .149 
1983 .222 114 .286 .254 „144 
1984 .2I1 .107 -294 .264 .139 
1985 .200 .099 -303 .274 .134 
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labor, .223; land, .143; chemical fertilizer, .177; 
machinery, .122; and livestock, .233. Compar- 
ing those to the production elasticities in table 
2, we observe that the elasticities of land and 
labor in China are greater than those in the so- 
cialist countries, indicating that Chinese agri- 
culture uses more traditional inputs than other 
socialist countries. 

The level and variability of technical effi- 
ciency for each region are calculated in table 3, 
using (2) and the results of the frontier produc- 
tion function from regression 6. During the 1960s 
and 1970s, technical efficiency was about 70%. 
Efficiency has improved significantly since the 
institutional change in 1979. The institutional 
change has three effects: (a) Farmers’ incomes 
and efforts have been linked through improved 
incentive systems. (b) Farmers may leave agri- 
culture to engage in nonagricultural activities 
(mainly rural industry), thus improving the land/ 
labor ratio. (c) Farmers may allocate their time 
and resources to produce high-profit crops, which 
has improved allocative efficiency and the full 
use of regional comparative advantages. 

It is widely accepted that the introduction of 
the household production responsibility system 
enlarged the differences in income among re- 
gions (Jiang and Luo). However, there is no 
evidence that the differences in productive ef- 
ficiency have increased—the coefficient of vari- 
ation in productive efficiency has decreased since 
the reform (see the last column of table 3). The 
disparity between the production efficiency im- 
provement and income growth among regions 
suggests that the substantial improvement in 
production efficiency in poor regions owing to 
the recent institutional reform did not result in 
a corresponding increase in income. One reason 
for this lack of response is the distorted prices 
in agriculture. Despite the substantial increase 
in prices in the last ten years, the agricultural 
product prices still are not reflected by supply 
and demand. Further reform in prices is needed 
to give farmers greater incentive to promote fur- 
ther production growth. Another reason is the 
uneven development of rural industry. The low 
level of income per capita, especially in the 
Southwest, is the result of the underdevelop- 
ment of rural industry. 


Accounting for Total Production Growth 


In this part an empirical approach is developed 
and used to separate the effects on production 
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Table 3. Level and Variability in Technical Efficiency of Seven Regions for Selected Years 


Region 
Year NE N NW C 
1965 .868 .433 .698 728 
1970 .853 561 844 .844 
1975 .887 581 .808 881 
Average 65—79 892 .574 .758 „85C 
Rank 1 7 5 2 
C.V. 65-79 .933 .117 .103 .069 
Rank 7 l 2 5 
1980 .917 .625 .692 826 
1981 11 .630 .774 858 
1982 911 645 Ya .885 
1983 .939 .681 .751 .863 
1984 934 .726 .799 .908 
1985 891 725 .829 .909 
A 70s—85° 001 15] .071 .059 
Rank 7 2 5 6 
A 65-85 .023 .292 131 181 
Rank 7 1 6 5 
Average 65-85 898 .616 .766 .863 
Rank i 7 6 Z2 
C. V. 65-85 .033 .123 .081 .056 
Rank 7 1 3 6 


2 C, V. is coefficient of variation 


National 

SE SW S Average C.V." 
.679 .681 .644 .646 191 
847 731 .846 -772 .138 
.866 .652 .812 .761 :127 
-817 13 -789 -737 

3 6 4 
.084 061 .087 .132 

4 6 3 
.802 .781 .756 .753 .122 
851 791 .758 .768 14 
.863 851 .810 .788 .109 
.847 .858 .795 -791 .103 
.900 .894 .831 .831 .070 
.906 .891 .870 .843 .076 
.089 .178 .081 .106 

3 i 4 
eet 210 .226 197 

2 4 3 
.844 Ti .807 772 

3 5 4 
.073 .105 081 130 

5 2 4 


è A 70s—85 indicates the absolute improvement of technical efficiency between 1965-79 average and 1985. 


growth of an increase in inputs, technological 
change, and institutional reform. Using func- 
tional form (5), the production function can be 
expressed as 


(8) 
In¥(t) = a, + >, a; lox; () + > ay (nx, (0) X t 


+ at + aÊ + In(e) + vA 
(9) = 104) + >) a, Olny; () + ME), 


where InA,() = a, + af + a,t? + v(D, aff) = 
a; + ad, and E() = e°. 

Taking the first derivative of (9) with respect 
to time ¢, the growth rate of total production can 
be accounted for as 


(10) aln¥(4)/at = alnA,()/at + Y, a; A 
x glnx; ()/at + >) Ing ®© 
x daft) /dat + alnE(2)/at. 


The first term in (10) measures neutral tech- 


nological change. The second term captures the 
effect of input change on production growth; it 
is the sum of growth rates in inputs weighted by 
the relevant production elasticities. The third term 
measures the the effects of biased technological 
change on production growth; if it is positive, 
output has increased through biased technolog- 
ical change (using abundant resources to sub- 
stitute for scarce resources). The last term re- 
flects the effect of institutional change (or 
efficiency improvement) on production growth. 

Using (10), the accounting for the sources of 
total production growth is presented in table 4. 
Neutral and biased technological change are 
considered as total technological change in the 
accounting and treated as the residual. For the 
whole country, total production growth rate was 
5.04% per year from 1965 to 1985; 57.7% of 
the growth is explained by increased use of total 
input and 42.3% by growth in total factor pro- 
ductivity. About 63% of productivity change is 
attributed to institutional change (or efficiency 
improvement) and about 37%, to technological 
change. The increase of labor still explains about 
7.7% of total production growth. The change of 
land input had the least effect because acreage 
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Table 4. Accounting for Growth of Total Agricultural Production in Terms of Annual Growth 


Rates, 1965-1985 


NE N NW C SE SW S National 
Total Production Growth 
5.09 5.88 3.70 4.40 -5.50 4.40 4.50 5.04 
(100) (100) (100) (100) (100) (160) (100) (100) 
Total Input Growth 
3.10 3.10 2.72 2.71 2.80 3.66 2.55 2.91 
(60.9) (92.75 (73.5) (61.6) (50.9) (83.2) (56.7) (57.7) 
Labor A3 .24 45 43 25 .67 49 39 
(4.5) (4.1) (12.2) (9.8) (4.5) (15.2) (10.9) (7.7) 
Land .04 ~ 05 — .07 —.01 .06 Al 0 .002 
(.8) (—.9) (—1.9) (—.2) (1.1) (2.5) (0) (.04) 
C. Fert 1.73 1.61 1.51 1.22 1.29 1.45 .79 1.32 
(34.0) (27.4) (40.8) (27.7) (23.5) (33.0) (17.3) (26.2) 
M. Fert .20 .35 18 .13 .04 .36 31 A 
(3.9) (6.0) (4.9) (3.0) (.73) (8.2) (6.9) (5.0) 
Machinery .90 95 65 94 1.16 1.07 .96 oS 
(17.7) (16.2) (17.6) (21.4) (21.1) (24.3) (21.3) (18.8) 
Total Productivity Growth 
1.99 2.78 .98 1.69 2.70 74 1.95 2.13 
(39.1) (47.3) (26.5) (38.4) (49.1) (16.8) (43.3) (42.3) 
Institutional Change 
13 2.61 86 1.11 1.45 .82 1.52 1.34 
(2.5) (44.4) (23.2) (25.2) (26.4) (18.6) (33.8) (26.6) 
Technological Change 
1.86 17 12 58 1.25 — 08 43 79 
(36.5) (2.9) (3.2) (13.2) (22.7) (—1.8) (9.6) (15.7) 


Note: (10) is employed for the accounting. 


used for agriculture remained nearly constant. 
Among all inputs, increased chemical fertilizer 
input contributed most significantly to produc- 
tion growth (26.2%), while manurial fertilizer 
explained 5% of total production growth. The 
increase in machinery use is the second most 
important factor in total production increase. 
The differences in sources of production growth 
among regions are substantial because of dif- 
ferences in the resource endowments and total 
factor productivity growth. Growth in total ag- 
ricultural production varied from 3.70% in the 
Northwest to 5.88% in the North region. The 
contribution of total input growth to production 


growth varies from 50.9% in Southeast to 83.2% ` 


in Southwest. The differences in modern input 
(chemical fertilizer and machinery) growth ex- 
plains most of the differences in total input 
growth. Among modern inputs, chemical fertil- 
izer has the largest effects. The differences in 
traditional input growth are small. 

The differences of the effects of institutional 
change on production growth explain the largest 
share of the differences in total production 
growth, ranging from 2.5% in Northeast to 44.4% 
in North. The contribution of technological 


change to production growth also has varied 
substantially among regions. Total factor pro- 
ductivity growth in the Northeast is mainly ex- 
plained by technological change. Technological 
change contributed more than 45% of the total 
factor productivity in the Southeast. However, 
technological change in the North, Northwest, 
and Southwest contributed little to total factor 
productivity and total production growth. 


Concluding Comments 


The major findings of this study are summarized 
as follows: The estimates of the frontier pro- 
duction functions indicate that traditional inputs 
are still important to China’s agriculture. How- 
ever, the importance of the traditional inputs of 
land, labor, and manurial fertilizer is decreasing 
rapidly. In contrast, the coefficients of modern 
inputs, e.g., chemical fertilizer and machinery 
inputs, were small in 1965 but have since in- 
creased rapidly. By 1985, the modern inputs were 
as important as the traditional inputs. 
Efficiency measurements indicate that the 
household production responsibility system has 
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contributed significantly to production growth. 
However, the regional differences in perfor- 
mance are large. In general, land-scarce regions 
gained more from the reform. 

The accounting for production growth showed 
that a significant share of total production growth 
still can be attributed to increases in traditional 
inputs. Among all inputs, increased chemical 
fertilizer use was the most important source of 
production growth. Increased machinery input 
ranked second in importance. Total input growth 
explained 57.7% of total production growth. The 
residual, the proxy for technological change and 
efficiency improvement, accounted for 42.3% 
of total production growth. Institutional change 
has had greater effects on productivity and pro- 
duction growth than has technological change. 

These findings have important policy impli- 
cations in promoting further production growth 
and smoothing regional inequalities. China’s 
population reached 1065.29 million in 1987. The 
population growth rate from 1949 to 1987 was 
1.84%, although it declined to 1.29% in last de- 
cade. Further decreases in population growth will 
not be easy in the next decade because the base 
population is large and those born in the 1960s 
are entering reproductive age. Thus, the demand 
for food will continue to grow even apart from 
income effects. The demand for cash crops is 
increasing with the development of industriali- 
zation. How to meet the future demand for rapid 
increases in food and in industrial materials is 
an urgent problem. 


Increased Input Use 


The quickest solution for China is to increase 
the use of inputs, such as land, labor, chemical 
fertilizer, machinery, and others, However, the 
total land input is likely to decline in the future 
(Sun). Without an increase in land areas, an in- 
crease in labor will have only a limited effect 
on total production. Increased use of modern in- 
puts, especially chemical fertilizer, likely has the 
greatest potential for increasing total produc- 
tion. Although fertilizer input per unit of land 
in China is higher than in most developing 
countries, the output increase from greater fer- 
tilizer use is still potentially large in some re- 
gions (see table 4), particularly in the Northeast, 
Northwest, North, and Southwest. Increased 
machinery input will have little effect on pro- 
duction unless it increases land productivity. 
Thus, a top priority in mechanization involves 
increased land productivity (e.g., mechaniza- 
tion of irrigation). 
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Technological Change 


The results of this study indicate that techno- 
logical change accounts for 15.7% of total ag- 
ricultural production growth in China. Com- 
pared to other countries, this proportion is very 
small. In Japan, from 1960 to 1980, 47.4% of 
total production growth stemmed from techno- 
logical change, and technological change ac- 
counted for 84.2% of the growth in U.S. total 
output (Hayami and Ruttan)."' Underinvestment 
in agriculture may explain the slow technolog- 
ical change in China. In 1985, the agricultural 
sector produced 28.1% of total national output 
and 41.1% of national income, although the ag- 
ricultural investment was only 3.4% of total in- 
vestment (China’s Statistical Yearbook, 1986). 
The underinvestment in agriculture has resulted 
in poor rural infrastructure and insufficient ag- 
ricultural research. An increase in agricultural 
investment, especially in research and devel- 
opment, is needed to stimulate technological 
change. 


Institutional Change 


Recent institutional changes have improved ag- 
ricultural production efficiency greatly; 26.6% 
of production growth has been contributed by 
institutional change. The new strategy should 
focus on greater regional specialization, based 
on comparative advantages. The self-suffi- 
ciency policy both at the national level and local 
levels should be discarded. Crops should be 
grown where soil and climate provide the most 
favorable conditions. Although rural labor has 
more opportunities to work outside agriculture, 
labor immobility will become a major source of 
inefficiency. The pattern of land holdings (in 
terms of size distribution of farm), land tenure 
and other contractual arrangements in agricul- 
ture should be adjusted appropriately to gain more 
efficiency. The recent introduction of factor and 
product markets in agriculture has contributed to 
more efficient allocation of resources; however, 
instability of input and output prices and the in- 
sufficient supplies of modern inputs will con- 
tinue constrain agricultural production. 


H See teble 7.2, Hayami and Ruttan (1985 ed.}. Total output 
growth is 1.9% a year in Japan from 1960 to 1980; total produc- 
tivity growth (the contribution of technical change to output growth), 
.9%, Thus, the relative contribution of technical change to total 
output growth is 47.4%. Using the same calculation, the relative 
contribution of technical change to total output growth is 84.2% in 
the United States. 
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Smoothing Regional Inequalities 


Differential growth rates in agricultural devel- 
opment among regions of a country represent a 
persistent challenge to policy makers. Smooth- 
ing the differences in technological and insti- 
tutional changes among regions is needed to re- 
duce the differences in production and income 
growth. A well-integrated and extensive physi- 
cal infrastructure and a strong regional agricul- 
tural research capacity adapted to the needs of 
the regional agricultural economy are important 
in contributing to development of new compar- 
ative advantages in technology in the regions 
disadvantaged by resource endowments and to 
stimulation of more even rates of technological 
change across regions. 

New agricultural policies and institutional 
changes should create more geographically even 
growth in agricultural production and income. 
For example, crop prices should be raised in or- 
der to narrow the income differences between 
the regions with an advantage of crop produc- 
tion but with a disadvantage of rural industry, 
and the regions with well-developed rural in- 
dustries. 


[Received August 1989; final revision received 
May 1990.] 
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Farmer Behavior Under Risk of 


Failure 


William E. Foster and Gordon C. Rausser 


We analyze input decisions under risk of farm failure. Inputs with immediate cash 
outlays have greater effective than observed prices because their cost increases the 
probability of failure, and their optimal marginal products are higher than observed 
prices would warrant under strict profit maximizing without failure risk. An algebraic 
example illustrates the market equilibrium effects of failure risk. We apply the model to 
an analysis of Illinois corn production (1971-79). Results indicate that larger farms 
deviate less than smaller farms from strict profit maximization. Over the period studied, 
farmers moved further from setting marginal products equal :o observed prices. 


Key words: com production, farm failure, input decisions, risk. 


This article addresses input decisions under risk 
of farm failure. Without risk of failure, the farmer 
would first maximize his expected utility as if 
he relied only on farm revenue (including con- 
current off-farm employment, if applicable) and 
then compare this level of farm-derived utility 
with the utility available elsewhere (less moving 
expenses, etc.). If the farm-derived expected 
utility exceeds nonfarm utility, the farmer re- 
mains a farmer. With risk of failure, however, 
if the farmer chooses to continue another sea- 


son, the ensuing revenues may be so low as to ` 


preclude future decisions to stay in agriculture 
(i.e., failure). The critical level of revenue be- 
low which the farm fails may be a function of 
household-maintenance expenditures, farm debt, 
and so forth. This level is likely to rise with farm 
size, but at a decreasing rate. Therefore, smaller 
scale, commercial farms are more likely to be 
at risk than larger farms. 

The discrete difference between on-farm and 
off-farm returns leads to asset fixity (for ex- 
ample, see Johnson and Quance, Johnson and 
Pasour). A farmer’s human capital fixity, in 
particular, presents important complications to 
conventional economic analysis of agricultural 
supply, which relies on strict maximization of 
expected utility (or of expected profit) derived 
solely from farm production. If the difference 
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between on-farm and off-farm utility is large, 
the farmer will take actions to avoid leaving ag- 
riculture; these actions may lead to seemingly 
inefficient farm management decisions. Robi- 
son, Barry, and Burghardt, for example, ex- 
plore the use of credit as a means of forestalling 
costs associated with liquidating fixed assets to 
meet cash flow obligations. Their model implies 
that a farmer has a greater incentive to acquire 
debt as bankruptcy grows more likely, consis- 
tent with the “go-for-broke” behavior seen in 
highly stressed borrowers. 

Also important is the influence of the risk of 
failure on farm input decisions. The purpose of 
this paper is to draw out the implications of fail- 
ure risk on farm production decisions, specifi- 
cally on the differing incentives to use cash- 
draining inputs in contrast to those inputs that 
do not require immiediate cash outflow. The sec- 
ond section presents a model of input use where 
there is a difference between on-farm and off- 
farm returns to a farmer’s human capital and 
shows that, under failure risk, the use of non- 
cash-draining inputs may increase with a de- 
crease in output price. The third section presents 
a specific partial equilibrium model to illustrate 
the concepts developed in the second and to 
demonstrate the possible effects of failure risk 
on equilibrium output price. The fourth section 
turns to the practical application of the ideas de- 
veloped in this study and to the role commodity 
programs play in reducing the effect of costly 
farm failure. The empirical analysis is of corn 
production in Ilinois, using the model of how 
the threat of failure affects input choices. The 
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study focuses on the effects of farm size and 
other structural variables on farmer divergence 
from strict profit maximization. 


Farmer Behavior Under Risk of Forced 
Adjustment 


Two major sources have been hypothesized re- 
garding the fixity of physical assets. The first 
involves the lumpy nature of the production pro- 
cess. Galbraith and Black, for example, hy- 
pothesize that large fixed costs associated with 
reorganizing the farm operation make short-run 
adjustment unprofitable. Changes in the eco- 
nomic environment would induce changes in 
productive capacity only if they were of suffi- 
ciently high magnitude and of sufficiently long 
duration. The second source of fixity involves 
the difference between the on-farm value of as- 
sets and their alternative, off-farm value (John- 
son and Quance). Low salvage value may re- 
flect transportation costs, specificity of capital 
to the farm operation, and limited, asymmetric 
information regarding quality of the item (Ak- 
erlof 1970, 1980). Whatever the cause of low 
salvage values, once acquired, productive ca- 
pacity changes only with discrete (perhaps large) 
changes in the on-farm-use value. 

A farmer’s human capital is subject to a sim- 
ilar fixity. Although a farmer’s labor may be 
divisible between on-farm and off-farm employ- 
ment, his human capital specific to farm man- 
agement is lumpy. Or from another perspective, 
one may view the “salvage” value of human 
capital (the opportunity cost of being a farm 
manager) as less than the on-farm value (the op- 
portunity cost of not being a farm manager). The 
discrepancy between a farmer’s salvage value 
and his on-farm value may reflect the specificity 
of the capital and/or the personal, or psychic, 
premium on earning an income from owning and 
operating a farm. In dollars (accounting for 
moving costs, etc.), a farmer may seem to have 
a high salvage value, but in utility, derived from 
these nonfarm dollars, the salvage value is low. 

A notable distinction between a farmer’s hu- 
man capital and other factors that may be sub- 


! One reviewer points out the possibility that the farmer, having 
failed, may work for other farmers, thereby employing (at least 
some of) his farm-specific skills. These employed skills, however, 
would likely be strictly related to farm labor rather than manage- 
ment of inputs (including labor}. Nevertheless, the opportunity cost 
of the farmer’s management of a farm may be the value of em- 
ployment by other farmers rather than employment out of agricul- 
ture altogether. Furthermore, the utility of this farm labor may be 
much less than that derived from farm management. 
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ject to fixity is that certain minimal expenditures 
are necessary in order to stay in farming. The 
farm family must eat, clothe itself, and other- 
wise live happily alongside its neighbors. In ad- 
dition, the decision to farm may incur other fixed 
commitments: minimal debt service, minimal use 
of certain publicly provided goods (e.g., water), 
insurance, and so forth. 

The adjustment of a farmer’s human capital 
out of agriculture is not always an active deci- 
sion. Forced adjustment occurs when farm pro- 
duction does not cover the minimal, necessary 
costs. Without this risk of forced adjustment, or 
failure, the farmer would simply compare the 
expected utility of farming with the utility of 
leaving farming and make the optimal discrete 
decision to continue. Instéad, the risk of failure 
leads to seemingly inefficient production deci- 
sions. 

Input response to risk may entail anything from 
too quickly depleting soil quality, to placing 
greater stress on farm labor at the expense of 
leisure.” Inputs that are purchased prior to the 
production process are underutilized in the sense 
that their marginal products are higher than what 
would be optimal under sirict maximization. 
Those that can be utilized without immediate cash 
expenditure (“mined” or “borrowed off of”), such 
as soil quality and farm household labor, are 
overutilized. Commodity production may be in- 
creased or-decreased, relative to the case where 
there is no difference between on-farm and off- 
farm utility, depending on the degree of com- 
plementarity of factors. 


An Algebraic Model 


A model of a farmer’s behavior under risk of 
failure is inherently intertemporal. The farmer 
must trade off the amount of utility he gets in 
any year from farming with the probability of 
failure.’ Intertemporal models may lead to in- 
tractable complications; therefore, the following 
mathematical model makes certain simplifying 
assumptions. Specifically, the farm manager faces 
a discrete difference between on-farm and off- 


? For example, Thompson, Gwynn, and Sharp report the survey 
of married farm women in Yolo County, California, and remark: 
“The increased participation by women on smaller farms was found 
to result from the need for the entire family to use its total resource 
for survival rather than to a greater opportunity for women to par- 
ticipate on small farms.” 

3 The models presented in this and the following section are sim- 
ilar to those discussed by Just and Zilberman. The basic model 
offers an explanation of farmer behavior that resembles behavior 
arising from a safety-first objective function (Pyle and Turnovsky). 
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farm returns; random events are independent over 
time; the alternative utility that the farmer re- 
ceives off the farm, if he fails, is a constant value; 
and, once failed, the farmer leaves farm man- 
agement forever. These assumptions produce the 
following results. Farm decision rules as func- 
tions of prices are constant over time; the ex- 
pected farm-derived utility in any period is con- 
stant; the cost of moving out of agriculture is 
the difference (also constant) between optimal 
yearly expected farm-derived utility and off-farm 
utility. Furthermore, the farmer’s objective 
function can be written in terms of yearly ex- 
pected farm-derived utility, off-farm utility, and 
the probability of failure. | 

A farmer yearly produces a commodity, the 
per-acre amount of which is denoted by y, by 
combining two factors of production: (a) x are 
those which must be yearly purchased out of cash 
revenues prior to realization of actual produc- 
tion and price received, and (b) k are those which 
may be utilized in the year but paid for in the 
indeterminate future. Examples of the factor x 
include hired labor, fertilizer, etc. Examples of 
input & include land quality, farm household la- 
bor, owned machinery, etc. The per-acre pro- 
duction function in a given year is given by 


(1) y = yx, k, €), 


where € represents some random effect on out- 
put y, such as weather. The number of acres 
produced is given by A, which is a constant. 
The farmer faces every year an unknown price 
p, a random variable (p > 0, E[p] = w), with 
some time-invariant probability density function 
given by g(p). The constant per-unit cost of the 
factor x is given by w, and of factor k is given 
by i. 

- Failure is defined as inability to cover the 
minimal expenditures in a year necessary.to farm, 
f; that is, failure is defined by 


(2) Alpy — wx] < f. 


If the farmer fails, he leaves farming and earns 
some sure utility level J each year thereafter. For 
ease of presentation, we assume that production 
is certain and price is the only random variable. 
This particular assumption is relaxed in the next 
section. 

The yearly probability of failure, zr, is given 
by w(x, k) = Jo’ g(p)dp, where py — wx = f/A. 
The utility from farming in any year is given by 


(3) U(p, x, k) = UTA (py — wx — ik), 


and the expected utility from farming is simply 
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Table 1. Future Utility Levels Conditioned 
on Farm Failure 


Probability of Income Stream 


Discount er ai ip a py ee 

Factor n mi- mA- m wi —- ry 

1 U Uy Ux Uy SOR oS 
B I Ur Un Uy . 7 = 
B? I I Ur Uy soe s 
B I I I. Ur sos 
B I I I I œ 


Note: Up = E[U|p < pal, and Ux = E[U |p = pal. 


(4) U(x, k) = E[U (p, x, K]. 


Finally, the constant discount rate for future ex- 
pected utility (either from farming or not farm- 
ing) is given by B. Define Uy as the expected 
value of utility from farm income conditional on 
not failing, Ur as the expected value conditional 
on failure; that is, U = (1 — m)Uy + mUp. 

Table 1 presents possible future events that 
the farmer must consider if he chooses farming. 
After summing over all possible streams of util- 
ities,* one may represent the farmer’s objective 
as 


7 n + U(x, D 


e VERST Bit — ae, 


_ The term 78/(1 — B) is the expected earnings 


from agricultural work, after failure. (Note the 
discount factor on this off-farm income is B/(1 
— B), not 1/(1 — B), because the farmer starts 
earning / the year following failure.) The term 


* Sum along the central diagonal of table 1, taking the product 
of the expected utility in any year, the probability of obtaining that 
expected utility, and the appropriate discount factor: 

Urr + Up (I = r) Par = Ur >, p'a Pg ary 
per = 
| = Up /[1 ~ BU — m). 
Sum along a representative diagonal j steps to the left of and above 


the central diagonal: 


Uy = iY >, BA — wy 
i= = 
= Uyr(l ~ m/i - BU - m], jf =1,2,.... 


Sum along a representative diagonal j steps to the right of and be- 
low the central diagonal: 


IBin >, B'O - nY = IBn/ - BU- wm), f= 1,2,..... 
in 


Sum all the diagonal summations to obtain expression (6). 
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[1 — B(1 — 7)] represents the discount rate of 
future incomes. As the probability of failure in- 
creases, the farmer would tend to discount the 
future more heavily. 

A more compact representation of the farmers 
criterion function is derived by subtracting from 
V in expression (6) the income stream if the 
farmer left agriculture before the first year: 


(6) Vix, = Vix,k- ss 
_ Uœ, k-I 
Pepen 


The value V( ) represents the rent, or surplus, 
from being a farm owner. The numerator, U — 
1, represents the farmer’s expected surplus i in any 
given year, The value J/(1 — 8) is the salvage 
value of a farmer’s human capital. When V(x, 
k) > 0, a farmer’s human capital is fixed for 
limited changes in U and 7. 

Let k* and x* satisfy the first-order conditions 
of maximizing the objective function given by 
expression (7):° 


ay _ iE[U')/EIU'p| 


Ta 
a ðk 1+8 


(7b) 
1 + OE[U'p]/E[U"]pa 
1+8 


(7c) 0 = VBa(pa)pa/[AyYE(U'p)). 


Here, marginal utility is given by U’. The pa- 
rameter 6 measures the influence of human cap- 
ital fixity (measured by V) on farm production 
decisions. Expression (8c) makes explicit that 
the influence of human capital fixity on pro- 
duction depends on several elements: the dis- 
count rate, the probability distribution of price, 
farm size, and the correlation of marginal. utility 
and price. If fixity has no influence on produc- 
tion decisions, then 6 = 0; and as 0 grows, pro- 
duction decisions deviate from strict maximi- 


dy 
— = wE[U']/E[U'p] 
Ox 


$ Equations (8a), (8b), and (8c) derive from the following first- 
order conditions for the maximization of the objective function (7): 


aV 


— =p" d ate 
Ik Pf [E(U'p) 


A dy _ 
- E(U')} + VD ‘B(POBbE= y '= 0, 


aV ay “1 YA 
— = D7! — A[E(U'p) — E(U’)| + VD"'2(paBpa— y 
ax ar ax 
~ VD"'(papwy' = 0, 


where D = 1] — BCL — ar). 
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zation. Compare these first-order conditions to 
that of strict maximization of EJU]: 


dy 


m iE{U"}/E[U'p] 


dy 
— = wk[U']/E[U'p]. 
Ox 


Because 0 > 0, the farmer appears to overutilize 
k based on conventional marginal conditions. 
Further, it is reasonable to suppose that the crit- 
ical price defining failure, pa, is small relative 
to expected price. If p4 is such that E[U'p] > 

EU" jpa, then the farmer appears to underutilize 
A 

Now suppose the rest of the economy im- 
proves relative to the agricultural sector. As the 
costs of failure (U — D grows insignificant, then 
0 —> 0, and the farmer behaves as if he were 
maximizing the utility derived solely from farm- 
ing (U). We may interpret g(p4) as a measure 
of the degree to which a farmer can marginally 
influence the probability of failure via produc- 
tion decisions. For example, if random price were 
associated with a familiar bell-shaped probabil- 
ity density function, then farmer input decisions 
decreasing p; by a unit at low levels would have 
less effect on the probability of failure than if 
pa were decreased by a unit near the mean price. 
Suppose the probability distribution of com- 
modity price changes such that g(p,) —> O (that 
is, suppose the bell-shaped density of price shifts 
rightward with an increase the mean price), then 
farm decisions move toward production effi- 
ciency. Regardless of potential cost of failure 
G. e., U — J), if there is no influence at the mar- 
gin, ep) = = 0, then again the farmer acts as if 
he were maximizing farm-derived utility. One 
point to be emphasized from this discussion of 
expression (8) is that in this model human cap- 


€ The specification of survival—covering minimal expenses—is 
stylized in one important way. Minimal expenses, f, is a constant, 
and specifically not an increasing functicn of three items: farm size, 
input use, or past failure to cover all expenses (j.e., some portion 
of past ik). Although relaxing the current simplification would com- 
plicate the analysis, to make f a function of the first two items 
would not alter the basic implications of the model as long as f 
increases over these items at a decreasing rate. The third item is 
conceptually more important. If the farmer delays payment on some 
portion of the cost of inputs k, one expects that portion to contribute 
to higher minima] expenditures in the future (or perhaps decreased 
output) and thus a higher future probability of failure for all levels 
of inputs. This would tend to blur the distinction between x and k 
in the active avoidance of failure. Nevertheless, as long as the farmer 
does not have to pay a price of delaying payment that exceeds his 
discount rate, and at failure time all delayed payments outstanding 
are forgotten, then k would be a more attractive input than x using 
the simple criterion of minimizing the probability of failure. 
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ital fixity (V > 0) is necessary but not sufficient 
to cause “inefficient” production decisions. 

With the general representations of V( ) and 
g( ), one cannot immediately determine the ef- 
fect of changing farm size on the optimal choices 
of factors. Although p, decreases with an in- 
crease in A, which decreases @, g(p,) may de- 
crease or increase. In addition, V increases with 
an increase in farm size, positively affecting @. 
If, however, p, is small relative to u, then g(p,) 
likely decreases with farm size (as would be the 
case if p were normally distributed). The effect 
of decreasing f, and thus decreasing the proba- 
bility of failure, would bring &* and x* into line 
with productive efficiency. 

To be more specific, suppose the farmer is 
risk neutral; that is, E(U’)/E(U'p) = 1/. The 
first-order conditions may then be written as 


oy i 
(8a) Pai avg 


(8b) al ro) /a + 6) 
ax 0 Pa 


(8c) 0 = VB8(P Pa / (Apy). 


As noted above, relative to 0 = 0, the mar- 
ginal product of k is set lower and the marginal 
product of x is set higher. (This is true given p4 
< u.) What happens to the actual levels of k 
and x depends on the degree of substitutability. 
For example, suppose k and x represent single 
factors. Let the parameter 0 begin from a point 
where fixity has no influence on production, 
either because the cost of failure is zero (V = 
0), or because the farmer has no influence at the 
margin over the probability of failure (g(pa) = 
0). The following comparative statics show the 
effect on factor decisions due to an increase in 
0, indicating an increase in the influence of fix- 
ity. Differentiating (9a) and (9b) with respect to 
k, x, and 0 yields: 


ðk =l i zhi £) 
30 A ar ar P; 


z3] “(1 “| | 
36 A jae P, ak 


where A > Q0 is the determinant of the matrix of 
second partial derivatives of y with respect to x 
and k, which is assumed negative definite. Not 
surprisingly these effects are of ambiguous sign. 
However, if the two inputs are substitutes 
(1.€., Ya), then the effect of increasing the mea- 
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sure of fixity, V, or of increasing at the margin 
the farmer’s influence on the probability of fail- 
ure, g(p,), is to decrease the use of cash-drain- 
ing inputs and increase the use of those inputs 
which are not cash draining: dk/0@ > 0 and dx/ 
ð < 0. This will hold for some x and k where 
the inputs are complements, that is, where y is 
positive but sufficiently close to zero. The de- 
rivative of total product with respect to @ rep- 
resents the effect on supply of increasing the im- 
portance of immediate cash revenues. Increasing 
the deviation of optimal input decisions from strict 
profit maximization may either increase or de- 
crease supply, again depending on the degree of 
substitutability of inputs: 


dy ðk à ax 

3630 a8) 
Note that for 9 = 0, one can solve the above 
comparative static results to find that the suffi- 
cient condition for output to increase is given 
by Yxk < w/i Vek: 

The marginal conditions in (8a), (8b), and (8c) 

can be viewed more generally by writing the first- 
order conditions, given by expressions (8), as 


oy wW 
(9a) ae. ae 

ox Be 

oy i 
9b — = pr-, 
(9b) ak P2 F 


where the p’s reflect a general systematic rule 
of behavior, with strict profit-maximization as a 
special case (p; = 1). From expressions (9), the 
p’s are related through their mutual dependence 
on 6, w, and py: pı = p(l + 8u/paà. These p’s 
are termed adjustment factors. For practical pur- 
poses, we take the p’s as functions of certain 
observable variables, which are not simulta- 
neously also choice variables.’ For example, in 
the empirical section that follows, it is through 
government programs’ influence on these ad- 
justment factors that one determines the effec- 
tiveness of programs at reducing the effect of 
risk of farm failure. 


A Special Case: An Overproduction Trap 


This section considers a specific model of a pro- 
ducer’s behavior under risk of forced adjust- 


7 This approach is similar to that taken by Lau and Yotopoulos 
in their investigation of relative production efficiency. Lau and Yo- 
topoulos take the p’s as constants over time for a given type of 
“farm.” Their data uses averages of individual farms as a given 
size and region. 
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ment. This example is presented in two parts. 
In the first, the producer avoids risk by expend- 
ing greater effort in producing a cash income in 
order to increase the likelihood of covering the 
minimal necessary expenditures to retain farm 
ownership. The purpose here is to show the pos- 
sibility of a backward-bending supply curve, the 
discrete jumps in supply that may occur at var- 
ious level of expected price, and the conditions 
under which a reduction in price variance re- 
duces supply and improves productive effi- 
ciency. 

The second part of this example considers 
market equilibrium. A stable, long-run equilib- 
rium is defined where the probability of forced 
adjustment is zero and where expectations are 
rational. This example shows that rational-ex- 
pectations equilibria can arise where the pro- 
ducer is permanently taking the risk of failure 
into account when making production decisions 
(i.e., producing “inefficiently”), but the ob- 
served probability of failure is zero. 

We will term the producer behavior where 
output expands in response to falling output price 
survival mode and the equilibrium where supply 
is backward bending with a zero probability of 
failure, a survival mode equilibrium. If an out- 
side observer finds a small probability of forced 
adjustment or failure, this does not necessarily 
imply the farmer is out of survival mode and 
making decisions based on maximizing farm-in- 
come-derived utility. Causality may flow the 
other way. This example demonstrates 4 case in 
which zero probability of failure exists, the farmer 
is rationally producing “inefficiently” G.e., 
contrary to strict profit maximization), and sup- 
ply increases with a fall in expected price. The 
important point is that the probability of failure 
is low (in this case, zero) because the farmer 
produces in this (strictly defined) inefficient 
manner. 

Furthermore, if a survival-mode equilibrium 
exists with an inelastic demand curve, then an- 
other rational-expectations equilibrium with 
productive efficiency also exists. This two-equi- 
libria condition illustrates an overproduction trap. 
That is, as a result of overproduction, market 
conditions are such that overproduction is op- 
timal for individual farmers. Moreover, if in 
concert farmers reduced production to that of a 
. conventional equilibrium, no individual would 
have incentive to expand. With an elastic de- 
mand curve, a survival-mode equilibrium may 
exist, but this cannot strictly be called a trap be- 
cause only a single rational-expectations equi- 
librium exists. 
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Suppose there is one competitive farmer in the 
market producing some level of commodity, y, 
out of effort, e, and receiving some level of price, 
p. Production is random, and, therefore, so is 
price. Although price depends on quantity, the 
farmer acts as if he had no influence over its 
probability distribution function. Let the utility 
function from farming be the sum of the goods 
consumed out of farm revenues, py, over some 
minimal expenditure f, and leisure time: U = 
(py —f) + (1 — e). This utility function implies 
a constant marginal utility of income and ex- 
hibits Arrow-Pratt risk neutrality. Random pro- 
duction is given by y = 2e’/*e, where e is a 
random term taking on two values (associated 
say with bad and good weather), € = €; Or € = 
En (€; < &,), with equal probability. Let y rep- 
resent the expected or average yield, that is, y 
= 2e'/?. The demand curve is of constant elas- 
ticity p = ay”. Therefore, random revenues can 
be written as 


(10) py = ale Py? 2e e7? 


This problem with output and price random 
can be reduced to a simpler conceptual problem 
with only one source of randomness. It is con- 
ceptually easier to redefine price as having an 
expected value of u = ay” with multiplicative 
error of u e'”, where without loss of generality 
E[u] = 1. Now the new random term u can 
take on two values associated with the two val- 
ues of £: u = u; Or u = Up (u; < Up). The com- 
petitive farmer acts as if he cannot influence ex- 
pected price; the farmer views revenues as py = 
pu2e”. The failure condition is where py <f, 
or where e < (f/2pu)’. 

To summarize, the farmer’s objective func- 
tion is given by 


U(e) — I 
1- BU- Tm) 


where U(e) is the expected farm-derived utility, 
I the alternative utility of leaving farming, 8 the 
personal discount rate, and a the probability of 
failure. The probability of failure may take on 
three values depending on the chosen level of 
output. If the farmer expends so little effort that 
even at the highest possible price cash receipts 
do not cover minimal expenses, then the prob- 
ability of failure is one. If, on the other hand, 
the farmer expends enough effort so that even 
at the lowest possible price receipts cover min- 
imal expenses, then the probability of failure is 
zero. For levels of effort in a middle range, either 
the farmer fails or he does not, depending on 


(11) V= 
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the outcome of price. The probability of failure 
is the probability of the low price being real- 
ized, which in this example is 50%. 

An important aspect of this model to note is 
that, except at the boundaries of these regions, 
expending incrementally any more or less effort 
will not affect the farmers probability of failure; 
it will only increase or decrease his benefits from 
farming. One may set, without loss of gener- 
ality, the nonfarm utility level to zero, J = 0. 

Consistent with the condition cited above, the 
objective function may then be represented in 
one of three ways, depending on whether the 
farmer’s effort makes the probability of failure 
one, one-half, or zero: 


(12a) pe? +(l1—e)-f if 
1/2 = Soe 
(12b) Y= wae td) -f if 
1 — .5p 
1/2 = 2 
(12c) pie +ad-e-f if 
1— Bp 


Figure 1 shows one possible set of values of 
the function V. The concave lines show the val- 
ues of the objective function for given levels of 
a. That is, the lowest curve represents expres- 
sion (12a) over all values of effort, the middle 
curve represents expression (12b), and the high- 
est curve represents expression (12c). The heavily 
drawn lines show the objective function taking 
qr into account for a specific pair of price out- 
comes; these lines represent the set of possible 
choices of effort open to the farmer. For the case 
shown in the figure, optimal effort is where 


2 
ee 2 | 
Zupa 


that is, optimal effort is chosen such that the 
probability of failure is zero. This illustrates the 
danger of taking observed probabilities of fail- 
ure as exogenous to the farmer’s supply deci- 
sions. Here there is no chance of failure, but the 
level of effort chosen is away from the point of 
“efficiency,” (e = p°), which would be optimal 
if risk of failure were irrelevant to decisions. 
Optimal effort is conditional on regions in 
which expected price may fall. Optimal supply 
over expected price is graphically illustrated in 
figure 2. The farmer may not choose to be on 
a portion of the supply curve where m = 1/2, 
instead either choosing a supply where m = 0, 


(13) 
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or where m = 1. The downward sloping por- 
tions of the supply curve are the regions of ex- 
pected price where the farmer is in survival mode. 
The effect of eliminating price variability, ab- 
stracting from equilibrium effects, is illustrated 
in figure 2. Consider an expected price of d. 
Eliminating variance (i.e., setting u, = u,) yields 
an optimal supply of y* = 2,1. 

Now consider the market equilibrium. A sta- 
ble, long-run equilibrium is an expected market 
price, e, a level of effort ež, and an expected 
supply }*, such that the number of producers is 
constant (i.e., m = Q), and where 





(14a) he = ayy” 
m=1, or Vraa 
2upjt 
a= .5, or ee A 
2U),[ 2u 
a+=0, or sip 
2Uj[e 
(14b) pF = 2e*l/* 
(14c) es = A 
V 
i-f 
1-2 
=f 
1-8/2 
l-f 
9 2 2 2 e 
2uUn á u0 
Figure 1. Values of the objective function 
over effort 
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Figure 2. Optimal supply over expected price 
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Equation (14a) represents market equilibrium, 
(14b) represents the optimal expected supply 
given the optimal choice of effort, and (14c) 
represents the rational-expectations equilibrium 
where optimal effort is consistent with the equi- 
librium expected price. Stability implies that 
equilibrium price falls along the segments cd and 
dj on the supply curve in figure 2. The most 
interesting case is where the farmer is in sur- 
vival mode but m = Q; that is, on segment cd 
of figure 2. 

For a survival mode equilibrium to exist, ex- 
pected price must be such that 


1/2 
F 2u; l 


(15) 
In this case 
—b/1 -b 
(16) He = alli B 
uy 


For an inelastic demand curve (b > 1), the con- 
ditions for survival-mode equilibrium are given 
by 


ne 
Ste J! b/i+b alite. 
uy 


(17) 


In fact, for all cases of demand, the above 
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condition is simply that which provides for the 
standard (nonsurvival-mode) equilibrium. That 
is, if a survival-mode equilibrium exists, then a 
conventional one does also. A conventional 
equilibrium exists where 


(18) he = 2a). 


An elastic demand may also yield a stable, 
survival-mode equilibrium; but, if one does not 
exist, then a conventional one would not exist 
as well. [The inequality in expression (18) above 
is reversed.] This leads to the idea of an over- 
production trap. For both inelastic and elastic 
demands, survival-mode equilibria may exist. 
But only in the former case is one justified in 
using the term trap. In the latter case, survival 
mode arises only because of the objectives of 
farmers. In the inelastic-demand case, survival 
mode exists because of the objectives of farmers 
and the accident of expectations consistent with 
survival mode. Farmers are trapped by their ra- 
tional expectations; without altering farmers’ 
objectives, a conventional equilibrium may be 
attained. 


Empirical Application 


The preceding sections have discussed the in- 
fluence of human-capital asset fixity on produc- 
tion decisions. This section empirically ad- 
dresses farm production based on the conceptual 
model. First, even under risk neutrality the usual 
assumptions underlying the use of cost and profit 
functions are inapplicable in this case because 
the marginal-product-equals-price rule does not 
hold. Therefore, even if one used only disag- 
gregated data, the conventional correlations of 
cost shares, for example, with factor prices would 
not represent production technology as standard 
application of duality theory would suggest. The 
difficulty is that marginal products are set equal 
to effective prices, which are unobserved. These 
effective prices are the observed prices adjusted 
by other factors reflecting the influence of the 
discrete difference between on-farm and off-farm 
utility and the probability of failure. | 

In standard applications, there are estimable 
equations for a production function (or cost, or 
profit) function and each marginal condition. If 
there are n choice variables with associated prices, 
the standard application would have n + 1 equa- 
tions from which to estimate the parameters rep- 
resenting the production technology (n input de- 
mands, one output supply). One may solve n 
input choice variables for n prices, all of which 
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can be observed. In the nonstandard case de- 
scribed above, however, one can solve only for 
the choice variables in terms of the n prices and 
two price-adjustment factors, 1/(1 + 6) and (1 
+ 0 u/pà/( + 6) from equations (8a) and (8b). 
Nevertheless, the marginal rates of technical 
substitution between inputs with common ad- 
justment factors are dependent only on observ- 
able prices. Therefore, at best, n — 2 choice 
variables can be solved in terms of observable 
prices and two inputs associated with different 
adjustment factors. And one can obtain n — 1 
equations from which to estimate production 
function parameters (n — 2 input demands, one 
output supply). This is not surprising, because 
this model introduces at least two additional un- 
knowns into the choice problem. Under risk 
neutrality, besides the parameters defining tech- 
nology, the true cost (U — J) of leaving farming 
in any period is unobserved, as is the true prob- 
ability of failure as a function of farm decisions. 
In order to estimate the production function pa- 
rameters, unconditioned on the on-farm/off-farm 
utility difference and the failure probability, one 
must allow for the influence of these two ad- 
ditional unknowns through some similar number 
of observables. 

To illustrate the conceptual and theoretical 
models above, we examine corn production in 
Illinois. This study estimates a per-acre produc- 
tion function, assuming a particular production 
function and utilizing the plausible restrictions 

on parameter estimates implied by the behavior 
model of a profit-maximizing farmer. Of course, 
other models also could result in production 
inefficiency, defined here as a wedge between 
marginal products and observed prices. The em- 
pirical analysis tests whether the adjustment fac- 
tors driving a wedge between marginal products 
and prices, move in the direction implied by the 
conceptual model of input decisions under risk. 
Specifically, the empirical model tests whether 
or not input choices approach productive effi- 
ciency as farm size increase and over time (as 
farming is hypothesized to grow more integrated 
into the larger economy). Additionally, in rec- 
ognition of the widespread farmer use of gov- 
ernment programs and their influence on risk and 
farm decisions, the analysis examines to what 
degree programs affect the deviation of input 
choice from productive efficiency. 

The empirical analysis takes four inputs (in 
per acre amounts) to a Cobb-Douglas produc- 
tion function. Consistent with the conceptual 
model, the inputs are separated into those that 
must be paid for immediately, fertilizer and hired 
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labor, and those that may go unpaid, farm fam- 
ily labor and physical capital, represented by 
machinery use. In order to reduce the scope of 
the problem, the possible influence of other crops 
is ignored——both in the usual joint-production 
sense, and, more importantly, in the sense of 
choosing a portfolio. The data are taken from 
Summaries of Illinois Farm Business Records 
from 1971 to 1979. This period was regarded as 
relatively prosperous for midwestern corn pro- 
ducers, with few downturns. Indeed, parts of this 
period were considered “boom times,” with many 
producers taking on greater debt consistent with 
a decreased perception of risk of farm failure. 
The period’s comparative prosperity, in marked 
contrast to the following years of the early 1980s, 
would tend to work against observing any in- 
fluence of failure risk on input decisions. The 
data are averages of farm characteristics, pro- 
duction levels, factor expenses, and labor em- 
ployed for farms in particular size ranges and 
regions. Price data are from the Summaries, the 
Department of Agriculture’s Agricultural Statis- 
tics, and the Commodity Research Barean: S 
Commodity Year Book. 

Yield is represented by Y, and input level by 
X; where i = 1 denotes fertilizer, i = 2 hired 
labor, i = 3 family labor, and i = 4 machinery. 
The W; represent prices associated with the in- 
puts, and the a; represent associated elasticities 
to be estimated. We assume risk neutrality of 
farmers and that output price is independent of 
output. The March quote of the December fu- 
tures contract for corn represents the expected 
output price. Denote this expected price by u. 
The model also includes as shift variables the 
amount of corn acreage (Z,) to account for a scale 
effect, and the average soil quality of the farm 
(Z,). (See the Summaries for a definition of this 
variable.) 

The production function is represented as 


4 2 
(19) InY = ã& + >) a; nX; + >) B; InZ,. 


i=] j=) 


From the general first-order conditions given by 
expressions (9a) and (9b), the marginal condi- 
tions for optimization are 





(20a) a = 1,2 
a Q; = l = jig, 
wa n 
(20b) a 3,4 
Q; = = 3, 
vr re 
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where p,, (k = 1, 2) represents the unknown 
adjustment factors associated with the two types 
of inputs. The marginal product restrictions within 
each input group are 


a W, 
(21a) > Semana, T 

Q; Wa 

A, W, 
(21b) X, = —— X. 

Os W, 


Therefore, one can specify the system of equa- 
tions 


(22a) 

















WW, 
inY = Ay + œalnăX, -+ œ ln + aln X 
2 
WX; 
+ æ,ln + BilnZ, + B.InZ, + u 
4 

W:X, WX, 

(22b) =r, Fib 
HY uY 
WX. WAX 

(22c) 2 == y, : 2 + us, 
uY Y 


where ri = a@,/a,, and r3 = a,/a,. These three 
equations may be estimated using a seemingly 
unrelated regression technique that imposes 
nonlinear restrictions on the coefficients.® 

The estimates of the production function elas- 
ticities are reported in table 2. The estimated 
production elasticities with respect to the inputs 
are positive and of plausible magnitude. One 
noteworthy result is the large difference be- 
tween the elasticity of family labor and that of 
hired labor. Another result to note is the sign 
and magnitude of the coefficient on acreage un- 
der corn, indicating a positive scale effect. The 
per-acre production function, however, exhibits 
decreasing returns. 

Of particular interest is how the adjustment 
factors (p;) are influenced by non-input vari- 
ables. In order to investigate this, assume that 
the adjustment factors may be represented in the 
following manner: 


uY 
Pı “ee + bS +¢,7 + d,D 
+ eM + uj; 
p= Aj? 


ê One potential difficulty with the SUR approach is the possible 
simultaneity of the representative inputs and the level of produc- 
tion. 
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Table 2. Estimates of Production Elastici- 
ties 





Variable Coefficient Estimate t-statistic 
Constant Xp 3.0282 6.0490 
Fertilizer a) 0.1015 1.4472 
Hired labor > 0.0174 1.4367 
Family labor ts 0.1407 4.3126 
Machinery 4 0.2280 4.3200 
Corn acreage B, 0.2555 e931 1 
Soil quality index B2 0.0085 11.773 

uY 
p2 7 Qj = M SE bS F cT + d,D 

W;X; 

+ e.M + Kp; 
j= 3,4, 


where S represents farm size in gross acreage, 
T a time index, D the percent tillable land under 
program diversion, and M the proportion of off- 
farm income to total income. 

From the discussions in the previous sections, 
one expects that as farm size grows the adjust- 
ment factors approach one, falling (b, < 0) in 
the case of fertilizer and hired labor (i = 1,2), 
and increasing (b, > 0) in the case of family 
labor and machinery (j = 3,4). These effects 
reflect that the fixed costs of farming which must 
be covered in order for the farmer to remain in 
agriculture do not grow in proportion with farm 
size. The larger operations relative to the smaller 
ones spread these fixed costs over a greater 
number of acres, and this optimally sets mar- 
ginal products closer to observed factor prices. 
The time index, T, reflects an overall improve- 
ment in alternatives for farm family labor; 
growing integration of the farm sector and the 
larger economy, and other structural changes that 
promote stricter profit maximizing (that is, c} < 
0 and Ca > Q). 

One variable of special concern indicating the 
integration of farm labor into other sectors is the 
relative importance of off-farm income to the 
total farm family income. As the family grows 
less dependent on uncertain production-based 
returns and more dependent on sure, off-farm 
sources, the farmer places less weight on avoid- 
ing poor crop revenues (e; < 0 and e, > QO). This 
effect would best be measured by the proportion 
of off-farm income relative to total income for 
specific farm families. This set of data was un- 
available. Instead the model takes the propor- 
tion of total nonfarm income earned by U.S. 
farmers relative to total income from both farm 
and nonfarm sources. Thus, the data reflect only 
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ageregate changes in off-farm income to com- 
mercial enterprises.” 

The program variable, D, reflects farmer’s re- 
sponse to government payments. Three effects 
from government programs can be identified. 
First, programs may reduce the risk of failure 
and thereby promote efficiency. Second, pro- 
grams may increase the opportunity cost of 
leaving farming, at the same time reducing fail- 
ure risk, and thereby promote inefficiency. Third, 
programs may increase the effective output price 
through target prices. Despite these three dis- 
tinct effects, one may be able to detect which 
has the greater influence by examining the pair 
of cozfficients d, and d,. If the first effect pre- 
dominates, then the signs of the coefficients on 
D are expected to be positive for family labor 
and machinery (d, > 0), and negative for fer- 
tilizer and hired labor (d; < 0). If the second 
effect predominates, then the signs on this coef- 
ficient will be reversed (d, > O and d, < 0). 
Finally, if the third effect predominates, then the 
signs on both coefficients will be negative for 
both equations (d; < 0 and d, < 0). 

Using the first-order conditions, specify four 
additional equations: 
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for the cash-draining inputs, say ej and e7, are 
restricted such that e; = a./a, ef 

The estimates of the coefficients for the ad- 
justment-factor equations are reported in table 
3. The coefficients on farm size in the adjust- 
ment-factor equations support the conclusions 
of the conceptual model. Over farm size the ad- 
justment factor falls for fertilizer and hired labor 
and increases for family labor and machinery. 
The coefficients are both significantly different 
from zero with a degree of confidence greater 
than 95%. The coefficients are also of the same 
magnitude, although of different sign (as ex- 
pected), suggesting that the effect of farm size 
on the deviation from strict profit maximization 
is roughly symmetric with respect to decisions 
regarding both types of inputs. Similarly, the 
coefficients on the variable measuring the im- 
portance of off-farm income are of expected sign. 
The greater the proportion of off-farm income, 
the less the marginal products of fertilizer and 
hired labor exceed their observed factor prices 
and the less the marginal products of family la- 
bor and machinery fall short. 

The coefficient on the off-farm income vari- 
able, however, is insignificantly different from 


Pi BY by d, “n 
a WX, a & Qty Qty a a 
Qz W.X, Q2 5] As Q> Oy gm 
Y b; d, 7 
(23c) Bee ee E Th pe 
a3 W3X3 a3 a3 Qs 3 a3 Qs 
Y a po d, u 
Q4 WX, a Q4 Qa Qs a, Qs, 


These equations may be estimated using SUR 
with linear cross-equation restrictions. The re- 
strictions are obtained from estimates of the pro- 
duction elasticities. For example, the coeffi- 
cients on the national off-farm income variable 


° A reviewer notes that off-farm income is some cases could be 
approximated by aggregate data by sales classes. Such class data, 
however, are not immediately applicable here. The farm sizes here 
for the most part are of the commercial class, although not exclu- 
sively. Moreover, the farm sizes used change over time. The results 
should be interpreted in this light, specifically as if the relative off- 
farm income across farms was a constant, and the data reflect only 
common changes in levels. 


zero in the case of hired labor and fertilizer. The 
coefficient for family labor and machinery is 
much larger than for the other inputs and sig- 
nificantly different from zero with a high degree 
of confidence. One may conclude that increas- 


10 There are two noteworthy potential problems with this esti- 
mation method. First the restrictions rely on estimates of the pro- 
duction elasticities. Interpretation of the standard errors must rely 
on asymptot-cs and caution is advised. Second, the error terms in 
these four equations above may not be independent of the errors in 
the equations representing the production relations. Ideally, a larger 
seven-equaticn system would be estimated, production relations and 
adjustment factors together. 
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Table 3. Coefficient Estimates for the Ad- 
justment Factors 


Variable Coefficient Estimate t-statistic 
Cash-draining inputs 
a a az ?¥ 
pen S= A 
Constant Q, a 17.639 5.580 
b! peer b, a2 p” 
1 =m = 
Gross acreage Q ay -0.0095 — 10.972 
, Ci a H 
Cpa = e C] 
Time index Q, a; 0.5189 3.549 
d 
Percent tillable d! = — = = i 
land a, Q; 0.2386 2.838 
Ratio off-farm 
to total e = = = 2 ey 
income & a —2.5203 —~0.418 
Non-cash-draining inputs 
ł a2 O4 H 
a, =~ = eT Gy 
Constant Q3 ay —6.457 —2.592 
bi pueg b: 4 H 
Ea 2 
Gross acreage Q3 Ay 0.0133 19.491 
a T C2 A cË 
ee 
Time index M@ Q3 —0.2959  ~2.566 
d 
Percent tillable d; =— = A d3 
land A, Os —0.3298 —4.975 
Ratio off-farm 
to total ees ee 
income Q3 Q3 24.323 5.115 


ing off-farm income affects the utilization of the 
different types of inputs in an asymmetric way. 
Off-farm income lessens the overuse (relative to 
strict profit maximization) of family labor and 
machinery but has little if any effect on dis- 
couraging the underuse of the other inputs. 
The time index represents all variables other 
than off-farm income that would measure the 
degree of integration of farming with the rest of 
the economy. The coefficients on this composite 
variable suggest that, for a given farm size, de- 
pendence on farm income, and degree of pro- 
gram participation, production decisions have 
been deviating further from pure profit max- 
imization. These results are somewhat surpris- 
ing in light of accepted wisdom that agriculture 
is in transition to greater integration with the rest 
of the economy. First, recall that the data are 
for a fairly short period of time, between 1971 
and 1979. Second, the results for the time vari- 
able are supported at least in part by Vasavada’s 
work on the measurement of excess inputs. Us- 
ing a dynamic adjustment model, he concludes 
that for aggregate levels of labor and capital, 
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surpluses have shown a marked tendency to de- 
cline over a longer period of time (since 1948). 
During the 1970s, however, his results dem- 
onstrate a decline followed by an upswing in in- 
put-surplus indices. Troughs occur in 1972 for 
capital and 1974-75 for labor. 

Finally, the coefficients on the program vari- 
able are of opposite signs for the two adjust- 
ment-factor equations and support the conclu- 
sion that government programs exacerbate the 
deviation from production efficiency. 


Concluding Comments 


The analytical and empirical results of this pa- 
per offer some insight into farmer behavior un- 
der risk of failure. A farmer cannot purchase 
complete insurance against such a risk. In ad- 
dition to other responses (e.g., crop insurance, 
access to credit reserves), the farmer would seek 
to mitigate against this risk by deviating in his 
production decisions from what is optimal from 
a simple expected-profit-maximizing case. Pro- 
duction factors with immediate cash outlay tend 
to have higher effective prices than without the 
risk because part of their cost must be measured 
in the contribution to increasing the probability 
of failure. The marginal products of these fac- 
tors are set higher than observed prices would 
optimally warrant. Conversely, factors that may 
be delayed in cash expenditure tend to have lower 
effective prices for the opposite reason, and their 
marginal products are set lower than observed 
prices warrant. 

Factors of the last type are of particular in- 
terest because their contribution to aggregate ca- 
pacity may be of greatest significance. Farm-op- 
erator labor, or farm family labor, tends to be 
overutilized at the expense of non-cash-gener- 
ating alternatives (e.g., leisure time). Improving 
opportunities for off-farm income would en- 
courage the farmer to use operator labor in a 
similar manner to hired labor. Physical capital, 
including aspects of land quality and long-term 
productivity, owned by the farmer is treated in 
the same way. The conceptual analysis suggests 
that during periods when farmers face higher 
probability of failure and the difference between 
on-farm and off-farm utility is larger, farmers 
would tend rationally to increase the deteriora- 
tion of their resources. . 

This paper also offers an empirical investi- 
gation of corn production in Illinois. This is done 
in order both to demonstrate the applicability of 
the conceptual model and to substantiate certain 
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conclusions that can be drawn regarding the de- 
gree of deviation from simple profit maximi- 
zation. Conventional estimation of dual func- 
tions, such as those of cost and profit, is 
unwarranted in the presence of risky adjustment 
costs. Nevertheless, the theory does admit cer- 
tain restrictions to an estimable system of sup- 
ply and factor demands, from which one can use 
output- and input-price data in the estimation of 
production technology. In addition to prices as 
explanatory variables, levels of a certain num- 
ber of representative inputs (in this study, two) 
must be used with a corresponding reduction in 
the number of estimable equations. The esti- 
mation results indicate that larger farms deviate 
less from production efficiency than do smaller 
farms, where production efficiency is defined 
relative to strict profit maximization; and that 
the lesser the reliance on farm income as op- 
posed to off-farm income, the greater the pro- 
duction efficiency. Over the period of time stud- 
ied, however, farmers have been moving further 
from setting marginal products equal to ob- 
served prices. 


[Received September 1988; final revision 
received June 1990.] 
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Valuing the Multidimensional 


Impacts of Environmental Policy: 
Theory and Methods 


John P. Hoehn 


A theoretically consistent framework is developed for valuing the multidimensional 
impacts of environmental policy. Conventional benefit estimates are shown to be biased 
because of the presence of substitution and complementarity effects in valuing policy 
impacts. Procedures are developed for implementing a valid framework. Consistent with 
theory, empirical results indicate significant substitution effects in valuing environmental 


conditions across different geographic regions. 


Key words: air quality, benefit cost analysis, contingent valuation, environmental 


policy, national parks, nonmarket valuation. 


Environmental management requires tradeoffs 
across different environmental services and dif- 
ferent user groups. Management policy is in- 
herently multidimensional. A typical policy 
change is not simply to provide more or less of 
a single environmental characteristic but a de- 
cision as to what package or set of character- 
istics to provide. 

The multidimensional nature of environmen- 
tal policy has important implications for valuing 
policy change. As policy changes the package 
of environmental services, individual users make 
substitutions across a changing opportunity set. 
These substitutions affect the value that individ- 
uals place on both the overall policy package as 
well as its components. 

Natural resource economists have been aware 
of the impact of substitution on resource val- 
uations for some time. In the early 1970s, Burt 
and Brewer began the development of methods 
for valuing the attributes of a system of recre- 
ation sites. Knetsch discussed the problem of 
valuing existing recreational facilities that are 
displaced by a new recreational investment. Ro- 
senthal showed the empirical biases that result 
when substitute prices are omitted from a travel 
cost model. 
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tural Economics, Michigan State University. 
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The valuation concepts developed in the con- 
text of local recreation sites have not been ex- 
tended to the general problem of valuing the 
benefits and costs of a multidimensional envi- 
ronmental policy. Instead, conventional benefit 
cost procedures tend to proceed on a piecemeal 
basis. Each element of a multiple impact policy 
is evaluated independently, as if it were the only 
element to be changed by policy. The conven- 
tional approach ignores any substitution or com- 
plementary effects that may occur. A total val- 
uation is obtained by summing across the 
independent component valuations. 

It is clear that the conventional benefit cost 
design is conceptually and empirically flawed. 
Hoehn and Randall show that conventional pro- 
cedures overstate the net benefits of a large, 
multidimensional policy change. Hoehn and 
Randall find that the conventional approach ac- 
tually misidentifies detrimental policies as po- 
tential Pareto improvements. The results of 
Braeutigam and Noll; and Majid, Sinden, and 
Randall indicate a significant empirical diver- 
gence between the conventional and valid val- 
uation approaches. 

This paper examines a valid framework for 
valuing the multidimensional impacts of envi- 
ronmental policy. The first section of the paper 
outlines both the conventional and valid valua- 
tion designs.’ The second section examines the 
prospect of substitution and complementarity 
between policy components. The third section 


! Hof et al. consider similar issues for a firm’s cost structure. 
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derives procedures for implementing the valid 
design with contingent valuation. The final sec- 
tion estimates valid bid functions and tests the 
empirical significance of substitution in valuing 
regional environmental quality conditions. 


Conventional and Valid Designs 


This section examines the valuation of environ- 
mental impacts brought about by a change in 
public policy. Policy impacts include a range of 
environmental effects. Impacts may include 
changes in physical resource flows, character- 
istics of the legal and social environment, or al- 
truistic Services such as those leading to exis- 
tence value.” 


Valuing a Single Impact Policy 


The value of an environmental change stems from 
the tradeoffs a household is willing to make be- 
tween (a) a change in an environmental service 
and (b) other desirable goods and services. An- 
alytically, these tradeoffs are summarized in terms 
of a household’s expenditure function. The ex- 
penditure function is a basic tool in defining the 
Hicksian measures of value. 

Household preferences across market goods, 
x = (,..., XL), and environmental services, g 
= (qı; q2), are described by a utility function, 
u = U{X, qı, q2), that is strictly increasing, con- 
tinuous, and strictly quasi-concave. Given in- 
come, m, market prices, p, and access to en- 
vironmental services, g, the level of well-being 
attained by a household is described by an in- 
direct ee function, v(p, gi, q2, m). At initial 
income m , and initial environmental quality, 
q? = (@, q), initial utility is W? = v(p, 4°, @, 
my. 

The household’s expenditure function is 


(1) e€(q,, q2, u) = Min px 


S.t. U(X, Gi, q) =u 


where p is left implicit. Given the assumptions 
on utility, elgi, 92, 4) is strictly decreasing and 
convex in q (Maler). At initial environmental 
quality, g, initial i income maintains initial util- 
ity, m° = e(qi, go, u 

The Hicksian compensating measure of. ben- 
efit, HC, is the amount of income, paid or re- 


? Randall and Stoll discuss economic motivations for existence 
value. 
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ceived, that would leave a household at a pre- 
policy level of well-being at the post-policy level 
of environmental quality. For a single impact 
policy that changes g; from qf to q}, HC is 


(2) HAC(q}, qu ¢°) = m° — e(gi, gh, uw’). 


where m°? = e(gi, q8, u°). Equation (2) is the 
mathematical structure that underlies the Brad- 
ford bid curve (Bradford; Brookshire, Randall, 
and Stall). 

A Bradford bid curve analogous to equation 
(2) is shown in figure 1. The bid curve has a 
value of zero at the initial level of environmen- 
tal quality. For a policy change from gq? to q! 
that is beneficial to a household, the expenditure 
required to sustain the initial level of well-being 
declines and HC is positive. In this case, HC 
measures a household’s willingness to pay 
(WTP). For a „detrimental policy such as the 
change from gj to gj, the expenditure required 
to sustain initial utility is greater after the policy 
change and HC is negative. HC times minus one 
is the willingness to accept compensation (WTA). 


The Evaluation of a Multidimensional Policy 


A multidimensional policy results in the simul- 
taneous change of two or more environmental 
services. This section compares the structure of 
a conventional evaluation of a multidimensional 
policy with a valid design. 

The conventional approach values a multidi- 
mensional policy by independent valuation and 
summation (IVS). IVS values each of the im- 






HC = m’-e(g, qu!) 


HC(q, au) = WIP 


HC(q apuh = WIA j 


Figure 1. A Bradford bid curve 
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pacts of a multidimensional policy as if each were 
a single impact policy. The independent valua- 
tions are added up to obtain an aggregate val- 
uation. 

For a two-element change from (g}, q3) to 
(gi, 42), the IVS valuation is 


(3.1) IVS(q'; Q) = m ~ elqi, qh, W), 
(3.2) 


The IVS approach fails to account for the ag- 
gregate impact of the policy change from q° to 
q'. Each of the policy impacts is evaluated with 
the other environmental parameter held constant 
at its initial level. 

For a multiple impact policy, HC is the amount 
of income paid or received that would leave a 
household at the initial level of utility subse- 
quent to the multiple impacts of policy. For the 
vector change from q° to q', HC is 


(4) AC(q'; g) = m — elqi, q, u’); 


HC is unique and encompasses the impact of a 
multidimensional policy in a single, one-step 
valuation. In principle, contingent valuation can 
be used to implement equation (4) as a one-step, 
holistic valuation. 

A disaggregated valuation is derived from 
equation (4) using a valuation path that begins 
at (qj, g5) and ends at (qj, q4). The path may be 
either sequential or simultaneous. A sequential 
path shifts policy components one at a time from 
their initial to post-policy level. Using a se- 
quential path that changes (a, q2) to (ql, 95); 
first, and shifts (gj, g5) to (qi, q2), second, HC 
is 


(5.1) HC(q’; q°) = m — eldi, g3, u’) 
(5.2) + elqi, Gy, W®) — e(Gi, q}, uô). 


The sequential valuation indicates how a valid 
disaggregate design accounts for the impact of 
the overall policy as well as its respective com- 
ponents. Line (5.1) values the change in q, with 
qə held constant at its initial level. Line (5.2) 
values the change in q, with q; at its post-policy 
level. Since the second term on the right-hand 
side of line (5.1) cancels with the first term in 
line (5.2), the sequenced valuation reduces to a 
quantity that is identical to equation (4)—the 
aggregate valuation. 

Although the aggregate valuation is unique, 
the sequenced component valuations vary with 
the selected path. With a different valuation 
path—one that changes q, first and q, second— 
the component valuations in equation (5) would 


+m — elg’, q}, U). 
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be conditioned on a different level of the other 
environmental service. A change in condition- 
ing variables changes the sequenced valuations.’ 

A simultaneous path values each policy com- 
ponent as the overall policy vector changes from 
g to gq’. A disaggregate valuation corresponding 
to a simultaneous path is 


(6.1) HC(q'; 4) F 
= lde(q, q2, u°)/ðqı]dq; 
q? 


q 
(6.2) T | [e(q1, G2, &)/dq2)dq2, 
q? 


where lines (6.1) and (6.2) each evaluate a de- 
rivative of the expenditure function, de(q;, qz, 
u)/dq;, i E {1, 2}, as the overall policy shifts 
from its initial to its post-policy level. With the 
simultaneous path, both the aggregate and the 
component valuations are unique. 

The valid component valuations may be es- 
timated using either contingent valuation or a 
demand-based, weak complementarity method 
such as the travel cost or hedonic approach. A 
sequenced contingent valuation presents a se- 
quence of changes and elicits a valuation at each 
step of the sequence. A simultaneous contingent 
valuation elicits the aggregate valuation, first, 
and then asks a respondent to partition the ag- 
gregate valuation into portions that are relevant 
to the respective components. Travel cost or he- 
donic demands are substituted directly into 

equations (5) or (6) by using the mathematical 
relationship between the expenditure function and 
weakly complementary demands.” 

For a small number of policy impacts, the re- 
lationship between HC and IVS depends upon 
the extent of substitution, independence, or 
complementarity between policy components. 
Elements of g are substitutes, independent, or 
complements in valuation as the marginal val- 
uation of q; decreases, remains constant, or in- 
creases with an increase in q,; that is, as ð "HC / 
ðqiðq; = — 02/dq,0q; is negative, zero, or pos- 
itive. 

IVS overstates the valid valuation if environ- 
mental services are substitutes. With substi- 
tutes, line (5.1) is equal to (3.1) but line (5.2) 


? Conditioning variables may be viewed as part of the valuation 
context. The valuation context or frame plays a key role in psy- 
chological theories of valuation (Fischhoff and Furby). 

* The definition of a line integral leads directly to the simulta- 
neous path. 

> Weak complementarity is detailed in Bockstael and Kling. 
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is less than line (3.2). Substitution implies that 
both lines in equation (6) are less than their 
counterparts in equation (3). With complemen- 
tarity, the opposite effect occurs and IVS un- 
derstates the aggregate and component valua- 
tions. IVS is equal to HC only if q, and q, are 
independent.‘ 

WTP and WTA are each affected differently 
by substitution and complementarity. If a policy 
change is beneficial (q; > qf), HC equals WTP 
and the impact of substitution and complemen- 
tarity on WTP is identical to the impact | on HC. 
If a policy change is detrimental (q! < qi), WTA 
equals -HC. Because of the change in sign, the 
impact of substitution and complementarity on 
WTA is just the opposite of their effect on HC. 
With substitution, the ZVS measure of WTA is 
less than the valid measure of WTA. 

These effects on WIP and WTA result in dis- 
torted benefit cost outcomes when the JVS de- 
sign is used. Suppose that, consistent with a po- 
tential Pareto improvement, benefits are measured 
using WTP, costs are measured using WTA, and 
net benefit is aggregate W7P minus aggregate 
WTA. If environmental services are substitutes, 
IVS overstates WTP, understates WTA, and ov- 
erstates the net benefit of policy change. If they 
are complements, ZVS understates net benefit. 
The IVS and HC net benefit measures are equiv- 
alent only when environmental services are in- 
dependent in valuation. 


The Prospect of Independence in Valuation 


A valid benefit cost design imposes significant 
costs on practical policy evaluation. In addition 
to the challenge of valuing single components, 
a valid benefit cost design accounts for inter- 
actions between different components. These 
additional costs could be substantially reduced 
if independence were either predictable or rou- 
tine. 

Two valuation contexts suggest a strong pros- 


6 The component valuation of the change from q$ to q} is 
a} 
elgi, q3, W) — elgi, qh 1°) = f [—3elgi, a2, #)/8q lda, 
2 


where r equals zero to obtain line (3.2) and r equals unity to obtain 
line (5.2). If q; and q, are substitutes, the integrand evaluated at 
q! is smaller than the integrand evaluated at qf. Thus, line (5.2) is 
smaller than line (3.2). If q, and q, are complements, then the op- 
posite conclusion holds. If the two are independent, lines (3.2) and 
(5.2) are equal. A similar analysis applies to equations (3) and (6). 
Psychologists have discussed these effects as an embedding phe- 
nomenon (Kahneman and Knetsch). 
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pect of at least approximate independence. The 
first is a large number case that characterizes 
national planning problems where numerous 
agencies independently evaluate a large number 
of different policy proposals. In this case, the 
effects of substitution and complementarity may 
cancel out as the number of policy compo- 
nents—and /VS errors—-becomes large. 

Hoehn and Randall show that /VS errors do 
not cancel out in the large number case. Re- 
source scarcity within an economy imposes a 
bound on the valid measure of benefits while the 
IVS outcome is unbounded. IVS is certain to ov- 
erstate net benefits as the number of evaluations 
grows large. 

The second policy setting involves a small 
number of policy components. This case is rel- 
evant to the internal planning problem of a sin- 
gle agency. Although a single agency may not 
have control of the overall policy agenda, it may 
still seek an accurate evaluation of its own pro- 
gram. This section examines the small number 
problem. 

Hypotheses regarding the small number case 
are derived from the structure of individual choice 
and valuation. Substitution and complementar- 
ity appear to result from specific linkages in 
producing a subsistence or leisure activity that 
uses environmental services as inputs. The ab- 
sence of a specific linkage in consumption may 
lead to independence in valuation. 

The absence of a direct linkage in consump- 
tion is rcutinely expressed by an additively sep- 
arable utility function, 


H 
u = X Ux, dr)» 
h=1 
where dar = (dris tees Gn): he {l, > B}, rep- 


resents H X J different environmental services 
(Green, Deaton and Muellbauer). Environmen- 
tal services g, are additively separable from ser- 
vices g,, g Æ h. As differentiation shows, the 
marginal utility of component dui iS unaffected 
by a aia in qa; Since 0°u/dqn0g,; equals zero, 
i, j E {1, ..., I}. Environmental services that 
enter the same > utility component, up, are not ad- 
ditively separable because d7u/ OQniO nj equals 
a°u,/ drq Which may be positive, negative, 
Or zero. 

Contrary to simple intuition, theorem 1 shows 
that independence in consumption leads to strict 
substitution in valuation. 


THEOREM 1. Let the preferences of a house- 
hold be represented by a utility function such 
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that (a) qn is additively separable form q,; and 
(b) Gn; and qw are not additively separable. As- 
sume that the utility components, Up, are con- 
cave in x and that environmental services and 
market goods are gross complements, i.e., 0°u,/ 
0q),;9X, > O. The following properties hold fer 
environmental services with nonzero valuations: 
(a) environmental services that are additively 
separable in utility are substitutes in valuation 
and (b) environmental services that are not ad- 
ditively separable in utility may be substitutes, 
complements, or independent in valuation.’ 


The theorem demonstrates that substitution 
effects in valuation are the rule rather than the 
exception. Substitution occurs consistently across 
all valuation contexts and arises because of the 
mathematical structure of constrained optimi- 
zation. Substitution effects in valuation are cer- 
tain if there is no direct utility linkage between 
environmental services. Complementarity and 
independence are possible only if a complemen- 
tary linkage outweighs the substitution effect in- 
duced by constrained choice. 

Two routine valuation contexts lead to addi- 
tive separability and strict substitution. The first 
involves spatially separated activities. A house- 
hold’s use of a ski site in region 4 may be un- 
affected by its use of a ski site in region g. Fish- 
ing opportunities in region h may be unaffected 
by boating opportunities in region g. In a house- 
hold production framework, each regional ac- 
tivity may be viewed as a different production 
process, u,(-), that is separable in consumption. 
Regional environmental conditions enjoyed in 
separable activities are strict substitutes in val- 
uation. 

The second source of dominating additivity 
stems from uncertainty and the expected utility 
property. For example, suppose h € {1, 2} and 
that the enjoyment of q, or q, depends on some 
probabilistic event. The probability of enjoying 
qı and being without q, is 7;. the probability of 
enjoying qz but going without g, is (1 — m). 
The expected utility property implies that 


(7) 


where x, represents market goods consumed in 
state h. The expected utility property introduces 
additive separability across mutually exclusive 
outcomes. Environmental conditions associated 
with different uncertain outcomes are substitutes 
in valuation. 


U = Tu, Gy) + C1 mua, q2), 


7 A proof of theorem 1 is available upon request to the author. 
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Environmental valuations often involve the 


concept of option price. Because they are de- — 
rived within an analogous expected utility — 


framework, option prices may be sensitive to 
substitution effects. IVS estimates of option prices 
may be sensitive to substitution effects. /VS es- 
timates of option price are likely to overstate the 
valid measure of benefits. 


Estimating the Benefits of Complex Policy 


Accurate evaluation of policy benefits requires 
procedures for implementing a valid benefit cost 
design. As indicated above, a valid design may 
use either contingent valuation or demand-based 
techniques such as the travel cost and hedonic 
approaches. Demand-based approaches that en- 
compass substitution and complementarity ef- 
fects are relatively well understood (Deaton and 
Muellbauer). This section focuses on empirical 
procedures for use with contingent valuation. 


Contingent Valuation Alternatives 


Contingent valuation (CV) is in theory adapt- 
able to any level of a valid valuation design. 
The issue with contingent valuation is largely 
one of experimental design—of how to develop 
adequate value information at the least cost. In 
some cases, the valuation problem is simple. For 
instance, if the composition of a policy is: pre- 
determined, a single valuation question may be 
formulated consistent with equation (4). There 
is no need to disaggregate and value each of the 
components. 

The valuation problem is typically more com- 
plex. An agency may have identified a candi- 
date set of policy instruments but be uncertain 
as to the composition of a final policy. Benefit 
information is used to evaluate both the aggre- 
gate policy as well as the components. In this 
case, one might attempt to identify all possible 
combinations of the candidate impacts and then 
evaluate each holistically according to equation 
(4). An all-inclusive approach is likely to be 
costly. 

An econometric approach reduces the cost of 
exploratory valuation by extracting a maximum 
amount of information from a sample of value 
data. The first step is to draw a representative 
sample of policy scenarios and to elicit contin- 
gent valuations for each scenario as suggested 
by equation (4). The functional relationship un- 
derlying equation (4) is then estimated in a man- 
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ner analogous to those used with multiproduct 
cost functions (Baumol, Panzar, and Willig). The 
estimated relationship is a multidimensional 
Bradford bid function that gives the benefits as- 
sociated with any combination and level of pol- 
icy components. 

There are three considerations in selecting a 
functional form for equation (4). First, the pre- 
determined variables should enter the bid func- 
tions in a manner consistent with theory. This 
requires that the bid function be equal to zero 
when environmental quality is held constant at 
the initial level. Socioeconomic variables should 
also enter the functions so that the initial con- 
ditions hold. Variables representing environ- 
mental quality should be permitted to take on 
any sign. 

Second, the convexity of the expenditure 
function in q implies a bid function that is con- 
cave in q. A concave bid function has a Jaco- 
bian that is negative semidefinite. Since the 
concavity restriction results from a convenient 
but not necessary utility assumption, a func- 
tional form should be flexible enough to allow 
either concavity or convexity. Such flexibility 
permits an empirical test of concavity. 

Third, the function should admit either sub- 
stitution, complementarity, or independence be- 
tween different pairs of amenity services. Nei- 
ther the Cobb-Douglas nor the constant elasticity 
of subsitution (CES) function satisfies this sec- 
ond criterion. The Cobb-Douglas and CES forms 
both impose qualitatively uniform effects across 
different pairs of amenities. 


Functional Forms 


Admissible empirical forms for the bid function 
are obtained using the approach used to derive 
flexible production and cost functions. This ap- 
proach approximates the true functional form with 
a second-order Taylor-series expansion (TSE) 
(Gallant). The TSE parameters that measure 
pairwise interactions may take on any sign and 
socioeconomic variables can be entered in a 
manner consistent with the initial conditions. 
Environmental services may be amenities or dis- 
amenities. 

A quadratic bid function is obtained by ap- 
plying the TSE directly to equation (4). Before 


® TSE forms are suitable to a local approximation of the true 
functional form. Global properties of flexible functional forms may 
be undesirable (Caves and Christensen). 
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expanding, however, two alterations are appro- 
priate. First, to remove an unobservable utility 
term, u? = v(q°, m® is substituted into (4). Sec- 
ond, ccnsistent with the household production 
literature, the utility and expenditure functions 
depend on Socioeconomic characteristics of 
a household, 5. With these changes, the qua- 
dratic Diao is 
(8) AC(q'; g) =m — (qj, q g, 3), 
where c(qi, q2, g°, 5) = elqi, qh 5, vq’, §, m’)) 
and s = (§, m 

Define the nth policy scenario, n € {I1, . 
N}, as a set of ordered pairs, {(q!, q?), (@3, Qh. 
where w and z are from a real interval that in- 
cludes zero and one.’ For a sample of R re- 
spondents and N policy scenarios, a TSE taken 
about the initial values g° and the mean value 
of s, §, results in 


= A + ds,a, + dq,B 
T ds, Adq,, + dq,Bdq,, F Grn, 


(Q) Pem 


where he,, is the rth respondent’s valuation of 
the nth policy scenario; a is a constant; ds, = 
(s. — §) is a vector of differences between the 
rth respondent’s characteristics, s,, and 5; a, 1 
conformable coefficient vector; dg, = [(qf 
q9), (gi — q9)] is a vector of differences cre 
the rth post-policy level of environmental qual- 
ity and the initial environmental quality level; B 
= (B8,, B-) is a two-element coefficient vector; 
A is a coefficient matrix conformable to ds, and 
dq,; B = [by], i, j E {1, 2}, is a matrix of en- 
vironmental interaction coefficients; and é,, is a 
statistical error term. With the independent vari- 
ables in their differenced form, the coefficient 
Ba represents the marginal value of a change in 
q, from q°. 

The error €, may be correlated across obser- 
vations if multiple responses are obtained from 
individual respondents. In this case, ordinary least 
squares are not minimum variance estimators. 
efficient estimates are obtained using general- 
ized least squares procedures developed for panel 
data. 

The quadratic function (9) is adaptable to re- 
quirements of economic theory. First, the ex- 
pected value of he,, is equal to zero at the initial 
quality level if a) and a, are equal zero. These 


? The variables w and z allow one to describe sampling designs 
that include more than one policy scenario. In previous sections, 
w and z are unity. 
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restrictions on ay and a, can be tested using rou- 
tine statistical procedures. 

Second, the quadratic permits either a con- 
cave or convex bid function. The quadratic is 
concave (convex) if B is negative (positive) 
semidefinite. Concavity (convexity) requires that 
the diagonal elements of B are nonpositive (non- 
negative) and the principal minors of |B| alter- 
nate in sign (are non-negative). For two quality 
elements, this means that b; is nonpositive for 
concavity, b; is non-negative for convexity, and 
B| = bba — b 7,is non-negative in either case. 

Third, the quadratic equation (9) admits sub- 
stitution, independence, or complementarity. 
Differentiation shows that environmental ser- 
vices are substitutes, independent, or comple- 
ments as the asymmetric, off-diagonal terms in 
B, b;, i # j, are negative, zero, or positive. 

The structure of a bid function precludes the 
derivation of a transcendental logarithmic 
(translog) function directly from equation (8). 
With a translog, the logarithm of a zero valua- 
tion is undefined.” However, a semilogarithmic 
quadratic (semilog) form can be derived by tak- 
ing a TSE about the logarithms of the right-hand- 
side variables in equation (8). The semilog qua- 
dratic specification is 


(10) AC, = po + dls,p, + dlq,y + dls,Cdlq, 
+ dlq,Ddlq, + Vn; 


where pp is a constant; dls, is a vector of dif- 
ferences between the logarithms of the elements 
of s, and the logarithms of the elements of $; p, 
is a conformable coefficient vector; dig, = 
[log(gy’) — log(q}), log(q3) — log(q>)] is the vec- 
tor of differences between the logarithms of the 
nth post-policy level of environmental quality 
and of the initial environmental quality level; y 
= (71, Y2) 1s a two-element coefficient vector; 
C is a coefficient matrix conformable to dls, and 
dlq,; D = [dy], i, j E {1, 2}, is a matrix of en- 
vironmental interaction coefficients; and v,, is 


an error term. Statistical properties of v,, are . 


analogous to those of €m. 

Equation (10) is adaptable to the restrictions 
of theory. Here, E(hc,,,) is equal to zero at the 
initial quality level if the estimated pọ is equal 
to zero. The convexity restrictions on D and the 
form of interaction between environmental qual- 
ity levels are analogous, at the point of approx- 
imation g° and §, to those of equation (9). 


10 A translog Zorm was derived from the dependent variable (n° 
— HC)/m°. The translog proved intractable in testing and inferior 
in specification tests. 
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Empirical Tests for Interaction 


In this section, both the quadratic and the sem- 
ilog bid functions are estimated. The estimated 
parameters are used to test the statistical signif- 
icance of interaction effects in valuation. 

Data for the empirical analysis came from a 
contingent valuation experiment conducted in 
Chicago, Illinois, during 1980 and 1981."' The 
experiment asked two sets of respondents to value 
changes in visual air quality in two different re- 
gions of the United States. The first sample of 
respondents was drawn from residents of Chi- 
cago in the summer of 1980. These respondents 
were asked to value improvements in air quality 
for Grand Canyon National Park. Respondents 
were read a narrative and shown photographs 
that represented the baseline conditions and the 
feasible improvements in visual air quality. In- 
dependent valuations were obtained for Grand 
Canyon air quality improvements of 40%, 83%, 
and 376%. ` 

The second sample of respondents was drawn 
from Chicago residents in the spring of 1981. 
Three of the valuation questions posed to this 
set of respondents are of interest. First, respon- 
dents were read a narrative and shown photo- 
graphs that represented two improvements of 
100% and 233% in visual air quality for the Chi- 
cago metropolitan area. Independent valuations 
were obtained for each of these prospective im- 
provements. Respondents were also read a nar- 
rative and shown the photographs representing 
the 83% improvement for the Grand Canyon. A 
final question valued a joint policy that pro- 
posed a 100% improvement for Chicago and an 
83% improvement for the Grand Canyon. 

By theorem 1, substitution effects are ex- 
pected between the Chicago and Grand Canyon 
valuations. For a typical Chicago resident, fu- 
ture use of Grand Canyon improvements is likely 
to involve substantial uncertainty. Enjoyment of 
regional air quality conditions is also separated 
by both space and time. Both uncertainty and 
the spatial dimension suggest a hypothesis of 
substitution effects in valuation. 

Before analyzing the data, valuations were 
screened to remove protest bids. Protest bids are 
zero valuations submitted by respondents who 
objected to the valuation procedure (Mitchell and 
Carson). 

Table 1 lists the value data and sample char- 
acteristics for the 1980 and 1981 surveys. The 
independent valuations of Grand Canyon air 


H Data collection procedures are detailed in Tolley and Fabian. 
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Table 1. Sample Value Data and Charac- 
teristics 
Sample and Standard 
Variable Names’ Mean Error 
1989 Sample? 
Value of 40% improvement, 

G. Canyon (129) $58.8 1.0 
Value of 83% improvement, 

G. Canyon (182) $82.7 0.95 
Value of 376% 

improvement, G. Canyon 

(129) $128 22 
Household income, $1,000 

(182) $28.1 0.10 
Years of school attended 

(182) 14.1 0.17 
Age in years (182) 41.0 0.12 
Gender, male equals 0, 

- female equals 1 (182) 0.637 0.0038 

1981 Sample 
Value of 100% improvement 

in Chicago (71) $179 4.3 
Value of 223% improvement 

in Chicago (71) $213 4.4 
Value of 100% improvement 

in Chicago, and a 83% 

improvement in G. 

Canyon (71) $190 4.4 
Household income, $1,000 

(71) $25.8 0.29 
Years of school attended 

(71) 13.9 0.044 
Age in years (71) 43.2 0.23 
Gender, male equals 0, 

female equals 1 (71) 0.183 0.0056 


* Schooling, gender, and age statistics are for the respondent. The 
number of individuals in the sample is given in parentheses after 
each variable name. 

* In the 1980 sample, 129 respondents valued all three air quality 
improvements; 53 respondents valued only the 83% improvement. 


quality range from $58.8 to $128 per year. The 
independent valuations of Chicago visibility range 
from $179 to $213 per year. The independent 
valuation of the 83% improvement in Grand 
Canyon visibility is $82.7 per year. The same 
83% change in Grand Canyon visibility is val- 
ued at only $190 minus $179 or $11 per year 
when valued after a 100% change in Chicago 
visibility. The decrease in values due to the val- 
uation sequence suggests strong substitution ef- 
fects across regional air quality conditions. 
Statistical tests for substitution were carried 
out using estimates of the quadratic and semilog 
bid functions. Table 2 reports the estimated 
equations. Variables used in the estimation were 
formulated in a manner consistent with equa- 
tions (9) and (10). The dependent variable in all 
cases is the respondent’s elicited valuation of the 
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described changes in visual air quality. The in- 
dependent variables in quadratic form were en- 
tered in the manner described following equa- 
tion (9). The independent variables in the semilog 
form were entered in the manner discussed fol- 
lowing equation (10). 

The independent variables are described in the 
first column of table 2. The first two variables 
listed, Grand Canyon Air Quality (GCAQ) and 
Chicago Air Quality (CAQ), measure the changes 
in air quality brought about by policy. The ini- 
tial air quality level was normalized to one and 
the pest-policy level was measured as a pro- 
portional change (e.g., 1.83, 2.0). Coefficients 
across the first two rows of table 2 measure ele- 
ments of B for the quadratic and elements of y 
for the semilog form. 

The third, fourth, and fifth rows in table 2 
give coefficients for the B and D matrices of, 
respectively, the quadratic and semilog func- 
tions. Rows three and four give the estimated 
coefficients for the diagonal terms. The fifth row 
states the off-diagonal terms. The remaining eight 
rows list the estimated elements of the A and C 
matrices that represent the interaction of air 
quality and socioeconomic characteristics. 

Initial coefficient estimates were obtained us- 
ing ordinary least squares (OLS). These are given 
in the second and fourth columns of table 2. Each 
of the air quality coefficients carries an intu- 
itively consistent sign for environmental im- 
provements that are amentities and substitutes. 
As air quality increases, a respondent’s valua- 
tion increases but at a decreasing rate. The neg- 
ative cross-product terms (fifth row) indicate 
substitution effects in the valuation of the two 
air quality variables. 

Contingent valuation studies have generally 
ignored the inefficiency of OLS estimates when 
multiple valuations are obtained from the same 
individual respondents. An alternative is to 
specify the error structure as an error component 
model. An error component model allows for a 
nonzero covariance between a respondent’s bids. 
With this model, the error terms in equations (9) 
and (10} are decomposed as €m = H, + &, in 
the quadratic and v, = w, + é, in the semilog 
where Eiu) = 0%, E(w?) = o}, and both Z,, and 
é,, are uncorrelated across r and n. Generalized 
least squares (GLS) yields efficient estimates for 
the error component model (Judge et al. 1985, 
pps. 521-25). 

The GLS estimates used for hypothesis test- 
ing are given in the third and fifth columns of 
table 2. The GLS data are identical to those used 
in the OLS equations. It is notable that the two 
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Table 2. Estimated Quadratic and Translog Value Functions 





Variable" or Quadratic’* Semilogaritmic™“ 
Statistic OLS GLS OLS GLS 
Grand Canyon air quality (GCAQ) 132** 121** 181** 177** 
(26.9) (21.7) (45.7) (34.0) 
Chicago air quality (CAQ) 234** 238°" 345** 349** 
(49.9) (38.0) (100) (68.0) 
(GCAQY’ =30.9"* —28.3** —65.8* —63.4** 
(10.3) (6.74) (38.8) (23.2) 
(CAQY =66.1"* =66.1** ~~ 160* ~160** 
(22.5) (13.8) (90.0) (49.4) 
GCAQ X CAQ —46.8** —42.6** —87.2+* —85.2** 
(25.6) (13.9) (50.9) (28.2) 
GCAQ X househoid income ($1,000) 0.706 0.491 29.9 21.4 
(0.547) (0.372) (23.9) (16.9) 
GCAQ X years in school —0.902 0.814 =21.3 33.1 
(3.27) (2.26) (86.5) (64.0) 
GCAQ X age in years —1.24** —0.910** —92.9** Sga AF 
(0.454) (0.317) (33.0) (25.5) 
GCAQ X gender a —7,82 —21.1 —16.1 
(14.5) (11.2) (27.6) (21.5) 
CAQ X household income ($1,000) —1,41** —0.736 —58.8** —41.6* 
(0.541) (0.502) (21.7) (23.5) 
CAQ X years in school 15.0** 6.63** 339** 224** 
(3.59) (3.33) (87.3) (94.7) 
CAQ X age in years 1.48** 0.392 Jarn 68.6 
(0.646) (0.601) (49.0) (53.5) 
CAQ X gender ~26.0 —19.8 —49.3 —44.5 
(27.2) (25.3) (47.5) (51.9) 
Root mean square error 233 112 233 lll 
R-squared 0.28 0.22 0.28 0.23 
F-value 19.5 14.0 19.5 14.3 


° Variables are described in table 1. 
è Variables in the quadratic were formulated as in equation (9). 


° Variables in the semilogarithmic were formulated as in equation (10) except for the dummy variable gender. The dummy variable was 


entered without transforming it by a logarithm. 


å Columns labeled OLS were estimated using ordinary least squares. Columns headed GLS were estimated using the error components 
model described in Judge et al. (1985, pp. 521-25). A double pound sign (+) indicates that a coefficient is significantly different from 
zero at the 95% level for a one way test. A single (double) asterisk indicates that a coefficient is significantly different from zero at the 
90% (95%) level for a two-way test. Standard errors are in parentheses. Estimates have 640 degrees of freedom. 


sets of coefficients are very similar. As with the 
OLS estimates, air quality coefficients indicate 
that values increase at a decreasing rate with in- 
creases in air quality. The cross-quality inter- 
action terms again suggest that regional air qual- 
ity conditions are substitutes in valuation. Finally, 
consistent with the theoretical efficiency of the 
GLS estimator, the GLS estimated root mean 
square error is about 50% smaller than that of 
OLS for both the quadratic and semilog models. 

Four sets of hypothesis tests were carried out 
with the GLS equations. First, with the derived 
functional forms, theory implies a bid function 
(1) without an intercept and (2) where the so- 
cioeconomic variables enter only as interaction 
terms with the air quality variables. For the qua- 
dratic, an F-test failed to reject the joint hy- 
pothesis of a and a, equal to zero (F-value of 
1.0; 5 and 635 degrees of freedom). An F-test 


also failed to reject the hypothesis of pọ and p, 
equal to zero in the semilog model (F-value of 
0.53; 5 and 635 degrees of freedom). 

Second, the inequality restrictions imposed by 
concavity are testable using the likelihood ratio 
method. This method compares a set of re- 
stricted estimates with the unrestricted estimates 
given in table 2. Examination of table 2, how- 
ever, shows that the concavity restrictions are 
nonbinding. The diagonal elements of B and D 
are strictly negative and |B| and |D] are strictly 
positive. In this nonbinding case, restricted least 
squares estimates are identical to the unre- 
stricted estimates (Judge et al. 1988). The re- 
sults, therefore, fail to reject a concave bid 
function.” 


 Diewert and Wales, and Geweke present alternative estimators 
for the general case where concavity restrictions may be binding. 
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Third, the significance of the substitution ef- 

fect was examined. The coefficient of GCAQ X 
CAQ is negative and different from zero at any 
conventional level of significance in both the 
quadratic and semilog equations. These results 
_ confirm the predictions of theorem 1 and reject 
-both independence and complementarity. Re- 
_ gionel air quality conditions are substitutes in 
_ valuation. 
Finally, a J-test (MacKinnon) was used to test 
the quadratic and semilog specifications. With 
the J-test, the quadratic and semilog specifica- 
tions are tested against each other. To test the 
quadratic, the predicted values from the esti- 
mated semilog equation are entered as an ad- 
ditional explanatory variable in the quadratic 
equation and the equation is reestimated. If the 
coefficient on the predicted bid from the sem- 
ilog equation is significantly different from zero, 
the predicted value contributes to the quadratic’s 
explanatory power and the quadratic specifica- 
tion is rejected as incomplete. The predicted bid 
from the estimated quadratic equation is used to 
test the semilog in a similar manner. 

J-tests were conducted for both the quadratic 
and the semilog. In the quadratic equation, the 
estimated coefficient for the predicted hc was 
1.09 and had a t-value of 1.9 with 639 degrees 
of freedom. This result rejects the quadratic as 
a valid specification at the 90% significance level. 
In the semilog equation, the coefficient for the 
predicted hc was 0.0668 and had a ¢-value of 
0.11 with 639 degrees of freedom. This result 
fails to reject the semilog specification at any 
conventional significance level. The semilog is 
therefore the better fitting specification for these 
data. 


Concluding Comments 


Environmental values are contextual—they are 
conditioned on the presence or absence of mul- 
tidimensional resource flows. A conventional 
benefit.cost design ignores the contextual nature 
of value data. Where resources are substitutes 
in valuation, a conventional benefit cost esti- 
mate exceeds the valid measure of net benefits. 
Where complementarity is present, a conven- 
tional benefit cost estimate understates the valid 
valuaticn. An accurate resource policy valuation 
requires a valid valuation design. 

A valid valuation design has two character- 
istics. First, the aggregate valuation of a policy 
change is unique. For any given policy, there is 
only one valid valuation. Second, a theoretically 
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consistent disaggregated valuation can only be 
obtained by valuing policy impacts along a path 
of valuation. A valid path accounts for both the 
change in a specific policy component as well 
as the overall policy change. 

The valid benefit cost design reduces to the 
conventional approach only if resource services 
are independent in valuation. Theorem ] shows 
that such independence is unlikely. For a small 
number of impacts, substitution effects are ex- 
pected for environmental services that are sep- 
arated in consumption by space or uncertainty. 
Complementarity is possible if environmental 
services are tied together by a specific con- 
sumption activity. 

The restrictions of a valid design apply to both 
contingent valuation and demand-based meth- 
ods such as travel cost and hedonic analysis. 
Well-known procedures exist for estimating 
substitution and complementary effects in de- 
mand systems. Because the problem of inter- 
action is new to the analysis of contingent val- 
uation data, this paper has examined two different 


ways to implement a theoretically consistent 


contingent valuation. First, if the policy alter- 
natives are predetermined, contingent valuation 
can be used to holistically evaluate benefits in 
a one-step, aggregate valuation. 

Second, a sample of contingent value data may 
be used to estimate a multidimensional bid func- 
tion. The estimation problem is similar to esti- 
mating a multiproduct cost function—the only 
requirements are a set of admissible functional 
forms and statistical design that elicits contin- 
gent values for a matrix of proposed environ- 
menial changes. The estimated bid function may 
be used to evaluate any combination of policy 
impacts within the range of a sample data set. 

The econometric approach was empirically 
demonstrated using contingent valuation data for 
regional air quality. Quadratic and semilogarith- 
mic bid functions were derived and estimated. 
Both functions conformed to the requirements 
of theory. Statistical specification tests indicated 
chat the semilogarithmic function provided a 
better fit to the data used in the case study. Con- 
sistent with theoretical predictions, regional en- 
vironmental conditions were shown to be strict 
substitutes in valuation. 

These results should encourage further re- 
search to improve understanding of interaction 
effects in valuation. A range of alternative func- 
tional forms exist (Griffin, Montgomery, and 
Rister) that may be applied to the contingent 
valuation problem and tested for robustness and 
consistency with theory (Thompson). 
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In addition, the extent and strength of substi- 
tution should be examined in alternative valua- 
tion contexts. Intraregional packages of ameni- 
ties offer cases of potential complementarity. 
These cases should be investigated to determine 


whether complementarity in activity production ` 


outweighs the substitution effects inherent in 
constrained valuation. 


[Received April 1989; final revision received 
May 1990.] 
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Tax Versus Quota Regulation: 
A Stochastic Model of the Fishery 


Robert A. Androkovich and Kenneth R. Stollery 


In a deterministic setting, it has been demonstrated that taxes and quotas can be 
equivalent regulatory instruments and that both can in principle induce an optimal 
allocation of resources in markets where externalities are problematic. In this paper we 
consider growth, harvest, and demand uncertainty within the context of Canada’s 
Pacific halibut fishery and find that, while taxes remain the preferred instrument, the 
welfare losses arising from the use of individual boat quotas are minor. 


Key words: externality, quota, regulation, taxation. 


There is wide consensus on the need for regu- 
lation of industries such as fisheries where sig- 
nificant externalities exist and on the standard 
remedies to be applied. For example, in situa- 
tions where the regulatory agency has full in- 
formation and administration costs are equal, it 
is well known that per-boat quotas, taxes on the 
catch, and even per-boat effort controls are 
equivalent regulatory methods in theory. In 
practice, however, there is uncertainty about de- 
mand conditions, the size of the stock, and the 
productivity of the fleet; this situation not only 
creates great difficulty in actual resource man- 
agement but prevents the alternative methods of 
regulation from being theoretically equivalent. 
In the work derived from Weitzman’s general 
discussion of regulation under uncertainty, the 
ranking of taxes and quotas depends, for in- 
stance, upon the relative slopes of the marginal 
benefit and marginal social cost curves and 
whether the fish stock is observable without er- 
ror (see Andersen, Anderson, Koenig 1984a). 
This paper differs from the Weitzman ap- 
proach with respect to the timing of decisions 
made by the regulatory authority and fishermen. 
Whereas in Weitzman’s paper decisions are taken 
ex post, that is after the realization of the ran- 
dom variables, in the present model all eco- 
nomic agents take their decisions ex ante.’ This 
approach is more realistic in that a boat owner 


Robert A. Androkovich and Kenneth R. Stollery are, respectively, 
an assistant professor and a professor in the Department of Eco- 
nomics, University of Waterloo, Ontario. 

The authors are indebted to three anonymous referees for their 
suggestions. 

! Anderson makes a similar assumption. 


would typically have to decide whether to enter 
a particular fishery prior to knowing the price 
of fish, rather than after.” It turns out that this 
assumption guarantees that an appropriately set 
specific tax will be capable of inducing optimal 
behavior by the fishermen. This does not, of 
course, follow when decisions are made ex post. 

Previous models introduce quotas that bind 
individual fishermen to produce a fixed amount. 
However, because fishing is inherently risky for 
participants as well as regulators, there is no 
guarantee that the quota will be met. Instead, 
this analysis follows Clark (1985b) by introduc- 
ing per-boat quotas which truncate the distri- 
bution of catch, with catch above the quota re- 
turned te the ocean. As is well known, the 
mortality rate for returned fish is quite high. The 
importance of a potential divergence between the 
quantity of fish consumed and killed is obvious 
in that the future fish stock would be less than 
would be predicted on the basis of the growth 
equation and the quota. 

In order to illustrate the extended quota model, 
the welfare effects of taxes and quotas are com- 
pared in the context of the Pacific halibut fish- 
ery, one with a homogenous fishing technology 
and fairly reliable sources of data. This com- 
parison 1s done by simulating a stochastic dy- 
namic program with parameters obtained from 
studies of this fishery. While taxes in the model 
are first-best in a limited-information sense, the 


? We are abstracting here from possible sharecontracting arrange- 
ments with precessors. In many fisheries, processors absorb some 
of the risk by contracting for a minimum price on delivery. We are 
indebted to an anonymous referee for this observation. 
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welfare loss from individual quotas is relatively 
small. 

The outline of the paper is as follows: the sec- 
ond section outlines the fishery model and com- 
pares the competitive, optimal, taxation, and 
quota equilibria. The sources of the parameters 
required for simulation of the model then are 
discussed, preparatory to the simulation of the 
model in the subsequent section. The final part 
offers conclusions. 


The Fishery Model 


The assumed fishery production function is a 
modified Schaefer type, given by 


(i) Ot) = NOBO, Me), 


where Q(f) is aggregate harvest during period z, 
e(t) is effort per boat, N(t) is number of (iden- 
tical) boats fishing, X(¢) is stock size, g[X(2), 
O(A] is catch per unit effort (CPUE), and (2) is 
a random variable with mean unity which intro- 
duces output uncertainty. 

The particular CPUE function is given by 
e[X(t), O) = O()/[w — oX()], where w and 
o are parameters. The specific and somewhat 
unusual form of this function is required to make 
the subsequent analysis tractable. Quadratic 
benefit and per-boat cost functions are also re- 
quired for a closed-form solution to the subse- 
quent dynamic programming problem. Thus, an 
aggregate catch of Q(t) has associated with it 
total benefits to consumers of 


(2) BlQ(1)] = [bo + EOQ) — b,Q(H*/2, 
and per-boat total costs of 
(3) Cle(t)] = co + ciel) + celt? /2; 


with parameters bo, b,, Co > 0, one or more of 
c, and c, > 0, and P(t) a random variable (with 
mean zero) which accounts for demand uncer- 
tainty.” These functions imply a linear demand 
relationship for fish landings of the form P = 
by — b,Q (coinciding with that estimated by Cook 
for the halibut fishery) and a linear marginal cost 
curve for fishery effort. Given the paucity of data 
on effort costs, estimation of a nonlinear mar- 
ginal cost function, even if theoretically justi- 
fiable, would not be possible with the available 
information. Following Koenig (1984a,b), we 


3 The demand uncertainty takes the form of a linear shift in the 
demand relationship. 
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also employ a linear growth relationship, ap- 
proximating the growth of the fish stock by 


(4) XG+ 1) = bo + AXO — QM) + e0; 


where ġo = 0, ġ, > O, and e(f) is a random 
variable with mean zero. 

The particular forms chosen for the benefit, 
cost, and growth relationships guarantee that the 
dynamic programming technique permits the 
conversion of the problem into one involving only 
current period variables. This, in turn, simpli- 
fies the comparison of the alternative regulatory 
regimes with the competitive case. 

The regulatory authority’s goal is the max- 
imization of the present discounted value of the 
fishery’s expected net benefits to society: equiv- 
alently, the sum of consumer surplus and eco- 
nomic rent. This is given by 


ty] 


(5) Vo = Eo >, p{BIQ(O] — NOCle)}: 


= 


where 0 < p < 1 is the discount factor.” Ap- 
plying standard dynamic programming tech- 
niques,” let 


(© V[X()] = Max E; > pBIQ(O) 


— N(pC{[e()]. 
Then, 


7) VIX] = Riese EXBLQ()] — NOCIO] 
+V [XE + 1)]}, 


and it is straightforward, though tedious, to show 
that the solution to this recursive relationship is 
given by 


(8) VIX()] = a(t) + aX + aX /2, 


where the a; also follow recursive relationships 
given by’ 


* The long-lived nature of halibut makes it a multicohort fishery. 
If age-selectivity were allowed when setting catch quotas, the op- 
timal quota could be determined by employing a Beverton-Holt 
population model in terms of numbers of fish, combined with a 
function such as Von Bertalanffy’s describing the growth in weight 
of a single fish with age. This refinement was not considered in 
this paper because finding a closed-form solution to the dynamic 
program restricts the population growth function to a single linear 
form. A population model in terms of total biomass is equivalent 
to the disaggregated model in a steady-state, where the age distri- 
bution is constant. 

$ E7{X} is the expectation of {X} at time Z. 

6 See Chow, especially chapters 7 and 8. 

7 In obtaining relationships (8)—(11i, we assume an optimal pol- 
icy is followed in all future time pericds and that the three random 
variables are uncorrelated both inter- and intratemporally. 
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(9) akt- 1)= plao(t) + a,()ho] + part) 
[po + Var(e)]/2 + x7/2€, 
(10; a(t - 1) = pdla,® + a(o] 


+ [oN — pa,(t)i]/€, and 


(11) a(t — 1) = pand; 
+ [FQ — pa()dil/é 
where O = [e + V2e9e.], € = E(P)[b, — 


[bo — pa (H), — parl(dod, 


It ine: from (4), (5), and (8) that in the 
current period, the regulatory authority should 
chocse both the number of boats and effort per 
boat so as to maximize the extended net benefit 
function? 


(12) ENSB = E{B[Q]j — NCfe] 
+ plas + aldo + (X — Q) + e] 
+ daldo + X — Q) + €]’/2]}. 


The first-order conditions for an interior maxi- 
mum are given by 


(13) Ex[bp + B — b,Qlg[X, 01} — C'[e] 
— ph Ella, + aldo + (X — Q) 
+ elje[X, 0l} = 0, and 


(14) EX{[b) + 8- b,QlglX, Ole} 
— Cle] — pbE{[a, + aldo + $X — Q) 
+ elleLlX, 8]e}= 0. 


pa,(‘)d{], and x = 
— wf]. 


The above characterization of the optimal 
harvest assumes the government has total con- 
trol over the fishery. The equilibrium also rep- 
resents a limited information optimum in that 
the gevernment does not have knowledge of the 
realized values of the random variables when 
decisions are made. This situation represents a 
benchmark against which to compare more re- 
alistic cases in which the government either has 
no control over the fishery or controls it indi- 
rectly through the use of taxes or quotas. 

A competitive situation can be modelled by 
setting @ = a, = a, = O and maximizing (12) 
with respect to e, with entry driving expected 
mene rents to zero.” This yields 


® Because the problem has been converted into one involving only 
current period variables, time references are dropped in the for- 
mulas which follow. ao, a;, and a, represent shadow prices in (12), 
in that they account for the effects of current variables on future 
net bene‘its. 

? This formulation assumes fishery firms are risk-neutral. The 
justification for this assumption derives from the finding by An- 
dersen that risk aversion by fishermen under stock or price uncer- 
tainty recuces both effort and expected catch, possibly even to sub- 
optimal levels. Because overfishing motivates regulatory interven- 
tion in the first place, by assumption the degree of risk aversion 
on the part of fishing firms must be comparatively low. 
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E{[by + B — b,Q)giX, 6]} = C’[e] and 


(16) Ej[bo + B — b,Qlg(X, Ale} = Cle] 


as the equilibrium conditions. Although yield- 
ing the optimum level of per-boat effort, the usual 
stock externality represented by the absence of 
the a; terms means a competitive fishery will 
generally lead to overutilization of the stock. An 
issue Of primary concern is the extent to which 
either a specific tax or quota will mitigate the 
externality problem in a stochastic setting. ° 

With a specific tax (7), effort will be ex- 
pended and entry will occur until 


(17) 
EX{[by + B — bQ — 7] g[X, 6]} = C’[e], and 


(18) 
E{[bo + B — bQ — 7] 8[X, Oe} = Ce]. 


Acting as a principal with the fishermen as agents, 
the government will then 


(19) Max E{B[O] — NC[e] 
[7] 


+ plao + alho + $X — Q) +] 
+ alho + (X — Q) + e]’/ 2)} 


subject to (17) and (18); in the process all fish- 
ery rents becoming tax revenues. '' The resulting 
first-order condition can be written in the form 


(20) Ej{[bo + B — b:QlsiX, Ale} — Cle] 
— ph, EX[a, + alho + Q, 
(X — Q) + e]]g[X, Oe} = 0 


It follows immediately, from the identity of 
equations (14) and (20), that if the regulatory 
authority chooses a specific tax which satisfies 
T= ph Ela, + aldo + (X — Q)]}, the num- 
ber of boats in the fishery, the effort per boat, 
and the level of expected net social benefits will 
be identical to their values in the limited-infor- 
mation optimal situation. Thus, a specific tax 
can, in principle, induce a competitive fishery 
to harvest optimally in a stochastic as well as a 
deterministic environment. 

It is of interest to compare the optimality of 
taxation in our model with the conclusions de- 
rived by Koenig (1984a,b 1985), who finds tax- 


(15) 


© In a deterministic environment a specific tax can, in principle, 
eliminate the externality problem if the tax is set equal to the shadow 
value of the stock. 

'' The costs associated with administering differing regulatory 
methods are not considered. Different costs of administering taxes 
and quotas would affect the losses in expected net social benefits 
associated with their respective usage. For instance, if a quota re- 
gime were less costly to manage than a tax regime, then the results 
summarized in table | might be reversed, with a quota dominant. 
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ation a suboptimal instrument. The difference 
arises from the divergent treatments of uncer- 
tainty in our paper and Koenig’s. He assumes 
that while output decisions are made with full 
information—after the realization of the random 
variables—the rates of taxation are set ex ante. 
This asymmetry of information, in turn, guar- 
antees that taxes are suboptimal in a full-infor- 
mation sense. We assume instead that deci- 
sions are made by both the regulatory authority 
and the boat owners prior to the realization of 
the random variables; that is, the size of the fleet 
will be nonrandom ex ante, and the decisions 
regarding the rate of taxation and whether to fish 
must both be made with incomplete informa- 
tion. This symmetry of information within our 
model guarantees that a specific tax will be first- 
best given the limited information. 


or 
(21) ENSBig,N,e] =E | B(Q|f(@)dé + | 
0 


n { : Fs + aldo + $X - Nå) + 4 Kodo | 
0 


The manner in which we model risk also im- 
plies that when individual boat quotas are used 
as the method of regulation, they change the 
harvest function by truncating the catch distri- 
bution. The harvest function becomes 


Q= Ng[X, Ole if 0 = OF]. 
Nq if 0 > 8 


where q is the per boat quota, and @* = 
[w — oX]q/e is the value of 6 associated with 
a catch of q, stock level X, and per-boat effort 
E. 

Of course, the possibility of a catch in excess 
of the quota now arises. We assume that any 
such excess is immediately returned to the ocean. 
It is known that the mortality rate for returned 
fish is quite high; thus in modeling a quota un- 
der this type of uncertainty it is important to ac- 
count for a potential divergence between the 
quantities of fish consumed and killed.’ Oth- 


2? Within the context of the model specified, this situation would 
involve boats entering or leaving the fishery depending upon the 
realized values of the random variables. 

3 Myhre estimates the mortality of released halibut at 32%; this 
figure was used in the simulation analysis to follow. Results were 
not highly sensitive to the value of this parameter. 
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erwise, the future stock will be less than would 
be predicted from the growth equation and the 
quota, and the fishery’s expected net benefits to 
society would be inaccurate if this issue were to 
be ignored. To illustrate, define m as the mor- 
tality rate for returned fish, and 


pa f if 0 = a 
0 if 0 > 6* 
Then, actual (per-boat) mortality is 
G = Sg[X, Ble + (1 — Sq + m(g[X, Ble — g)}. 
It follows that if individual boat quotas are used, 


the level of the fisheries expected net benefits 
to society is given by 


oa 


BiNq] f (0)d0 — NC{e] 


3 


+a[po + $ (X — Ng) + e]’/2 


where f(0) is the probability density function for 
the random variable 6, and the expectations op- 
erator refers to the random variables 6 and e. 
Acting once again as a principal, the regulatory 
authority will then 


(22) max ENSB[g, N, ê] subject to 
[q,N,é] 


é = argmax | 
{e] o 
[bo — b,QlglX, Gef(@)de@ — Cle]. 


The constraint, equation (22), implies that each 
boat owner applies effort to the point where his 
expected marginal value equals his marginal 
cost.'* The regulatory authority, being aware of 
the boat owner’s decision-making processes, ac- 
counts for this in setting the quota and the fleet 
size. 


‘4 In characterizing é, the boat owners are assumed to take the 


price and their individual quotas as given. . 

'S A situation in which an industry-wide quota is established, in 
conjunction with control over the size of the fleet, is formally 
equivalent to the one which we have modeled since the boats in 
the fleet are homogenous both in their use of inputs and in the 
mortality of fish returned to the sea. The approach we follow in 
solving the quota problem is analogous to that which would be fol- 
lowed in (numerically) solving a boundary value problem. 
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Sources of Model Parameters 


In order to gain insight into the welfare costs 
associated with the implementation of quotas, a 
specific fishery is considered. Parameters are re- 
quired for the demand and cost of effort func- 
tions and the fishery biological relationship. The 
Pacific halibut fishery was chosen tọ illustrate 
the model solution because it has a relatively 
simple (longline) fishing technology, as well as 
a long regulatory history giving rise to reliable 
data. For these reasons this industry has been 
quite extensively studied, and parameter esti- 
mates from this previous research are employed. 
Cook estimated a linear (inverse) demand re- 
lationship for regulatory area 2 (mainly the Ca- 
nadian sector). With the catch measured in tons, 
the price in 1961 dollars, and standard errors in 
parentheses, the estimated function was 


P = 720.0 + 2220.0P; — 1.02SE — 0.040 
(171.4) (325.4) (0.54) (0.0098) 
R = 0.77, D-W = 1.62, 
Method: ordinary least squares 


where Ps is the price of salmon (a major sub- 
stitute) and SZ is the length of the fishing season 
(affecting the catch quality).’° For the simula- 
tion, this equation was collapsed by substituting 
their average 1968—80 values, giving 


P = 1200.0 — 0.049. 
(603.3) (0.0098) 


Because this represents the marginal social ben- 
efit from harvesting area 2, the estimates of 
by and b, are 1200.0 and 0.04, respectively, with 
the variance of B derived from the bọ coeffi- 
cient’s standard error, becoming var(B) = 
1.75* 10%. 

The parameters for the per-boat cost of effort 
function were established using Catch Summary 
Reports from 1975—80 on the Canadian Pacific 
halibut fleet made available by the Canadian 
Department of Fisheries and Oceans (Stollery). 


16 The salmon price was exogenous from the standpoint of the 
regulators, but they were in fact controlling the season length dur- 
ing the period prior to the imposition of limited-entry licensing in 
the 1980s. We have not modeled season controls explicitly as a 
regulatory tool; but, from the standpoint of controlling fishery ef- 
fort, an indirect benefit of such control in our model would be a 
reduced variance associated with the estimation of social benefits. 
Season length controls may also mean that SL and Q were corre- 
lated over the estimation period, possibly introducing multicolli- 
nearity. As long as the equation errors are independently distributed 
this will not bias the coefficients, but the coefficient standard errors 
(and thus the estimate of B’s variance) could have been affected by 
this statistical problem. 
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Halibut vessels were defined as those taking 80% 
or moze halibut. The reports showed the fleet to 
be relatively homogenous, for of ninety-seven 
boats in 1979, eight-three were between 30 feet 
and 6C feet in length, and these represented 89% 
of the total catch. They also showed an average 
capital value of $491,293 per boat in 1961 dol- 
lars. Employing a real discount rate of 5%, 4.4% 
capital depreciation, and insurance costs of 3.8% 
of vessel value, yearly fixed costs per boat are 
estimated at 13.2% of capital value, or co = 
$64,895.00. The values for depreciation and in- 
surance were not available in the Catch Sum- 
mary Reports, but were taken from “Basic Eco- 
nomic Indicators, Halibut,” a 1968 survey of the 
U.S. Pacific Halibut fleet by the U.S. Bureau 
of Commercial Fisheries, Department of the In- 
terior, 1970. Prior to 1979—80, when a limited- 
entry licensing scheme was first imposed, reg- 
ulation in the halibut fishery consisted only of 
controls on season length (Cook and Copes). 
Thus, the period before 1980 represents open- 
access, and the model is calibrated to a compet- 
itive benchmark. Cook and Copes’ data imply 
an average effort per boat of 1357.5 skate-soaks 
over the 1968—80 period.” Equating the mar- 
ginal and average costs of effort at this value 
gives c, = — $55.55 and c, = $0.07 for the 
remaining cost function parameters. 

The catch per unit effort (CPUE) function is 
specified in the model as g[X, 6] = 0/[w — oX].” 
The parameters w and o are obtained by taking 
a first-order Taylor-series approximation of ex- 
pected RE CPUE, defined as [X] = E{g[X, 
6]} = [w — oX]~', at X (the mean stock level), 
then constraining this approximation to the tra- 
ditional Schaefer function 2X at X. Equating g[X] 
= a[X] + o@[X}/(X — X) with gX implies o = 
(X,[X1)™ = w/2X and 40/& = gy. Employing 
data prior to limited-entry licensing in 1980, Cook 
calculated the mean stock level implied by com- 
bining the Schaefer production function and the 
Verhulst (logistic) population growth equation 
at bioeconomic equilibrium, giving X = 29,334 
tons. This gives g[X] = 0.04328 tons per skate- 
soak and g, = 0.12*10°°, implying o = 
7.875*107* and w = 46.216 for the CPUE pa- 
rameters. 

Because the dispersion of the catch each year 


U In the halibut fishery effort is measured in “skate-soaks” per 


time period. A skate is a (standard) length of fishing line which is 
left in the water (soaked) for a set amount of time. 

'® This particular form for the g[X, 6? function was required to 
make the model tractable. It is an approximation to g{X, 8] = g,@X, 
i.e., the traditional Schaefer harvest function. 
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around its mean value is not known, no infor- 
mation on the variance of 0 is available from 
this method. In 1979, the year prior to the im- 
position of limited-entry licensing, ninety-seven 
boats were in the fishery. In order to calibrate 
the competitive equilibrium to this benchmark, 
appropriate values must be specified for any pa- 
rameters lacking empirical verification. Only the 
variance of @ falls into this category. Thus, the 
specification of Var(@) = 0.225 ensures that the 
competitive equilibrium is realistic.'° 

The parameters ¢) and œ, characterize the 
yearly growth of the fish stock [equation (4)]. 
This linear approximation to the traditional Ver- 
-hulst logistic growth function is also necessary 
in order to solve the stochastic dynamic pro- 
gramming problem. Because stock size is not 
directly observable, (4) cannot be estimated di- 
rectly; the only available proxy is industry-wide 
CPUE or g[X].” For purposes of estimation, we 
assume g[X] = gX, which in conjunction with 
(4) yields 


CPUE, = Pogo + $;[CPUE,-; — g0Q,-1] + got. 


This, of course, could be estimated using non- 
linear least squares to obtain œo, ¢;, and go. 
However, Cook estimated the traditional logis- 
tic growth function for the stock, providing in- 
formation on gg." Therefore, g is constrained 
to the estimate of 0.12*10°°, obtaining ¢) = 
6259.63 and ¢@, = 0.87216. The variance of € 
was determined as the regression error variance 
divided by gb, becoming Var(e) = (7921.84)’. 

Given the parameter values above, the coef- 
ficients ay, a,, and a, characterize the optimal 
V(X) function, i.e., the expected value of the 


'? For the simulation experiment, we assume 9 is distributed ac- 
cording to a gamma density function, i.e., 


f(O) = NO" Fe /Tr), ELO = r/A, and Var[6] = r/A?; 


where I(r) = ff x" 'e“dx and r = A = 4.89. 

2 CPUE is a nonlinear function of X according to the yield func- 
-tion, but we regard this as a necessary approximation. If g[X] were 
a correct representation of the yield-stock relationship in the fish- 
ery, the stock growth function parameters could be estimated by 
inverting g[X] in order to obtain effort per unit catch (EPUC) as a 
linear function of EPUC,.,; and Q,_). 

"I The logistic growth function is given by 


AX(1)/X(t — 1) = vl — Xl — 1)/K) + e); 


where v and K are parameters. Subtracting the Schaefer production 
function gives a net change in CPUE of 


CPUE(t)/CPUE(t— 1) 
= (1 + v) — vCPUE(t — 1)/Kgo — gE — 1) + elf); 


where E(-) is aggregate effort. Ordinary least squares estimation 
then yields the estimate of gp. 
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fishery’s net benefits to society. As was pointed 
out previously, these coefficients follow recur- 
sive relationships: functions fo[-], fll, and Al-] 
exist such that 


a(t — 1) = folao(4), aÒ, a(t); parameters J, 
a(t—-l)=fi[... ], and 


a(t-1)=fl... ]. 


The CHOW-YORKE fixed-point algorithm from 
the ACM algorithms distribution service (see 
Watson, Watson and Fenner) was used to 
determine their convergent values; af = 
10006026.8283, až = — 505.4409, and a¥ = 
0.0247. These values were substituted into the 
various first-order conditions, allowing us to de- 
termine, for the alternative cases, the optimal 
number of boats, effort, and the maximum ex- 
pected net social benefits. Where required, the 
BRENTM subroutine (also available from ACM) 
was used to solve the systems of nonlinear equa- 
tions, and all integration was completed using 
the subroutine RKF45 (Forsythe, Malcolm, and 
Moler). 


Simulation Results 


Recall that in a first-best situation, the govern- 
ment has complete control of the fishery and 
chooses the level of effort per boat and the num- 
ber of boats so as to maximize the fishery’s ex- 


‘pected net benefits to society. Solving the dy- 


namic program with the parameter estimates, 
effort is 1,357.5 skate-soaks per year, approx- 
imately seventy-one boats are in the fishery, and 
expected output is 4,155.3 tons with expected 
net social benefits of $5,819,967.34, as shown 
in the first column of table 1. 

In comparing the optimal fishery with the 


‘competitive case, the fleet under competition is 


larger (by an estimated 37%) and the expected 
net social benefits of the fishery are correspond- 
ingly reduced. The effort levels in the first-best - 
and competitive cases are equal because the form 
that has been adopted for the CPUE function 
ensures that, in both cases, effort is applied to 
the point of minimum average cost of effort. 
Expected net benefits are positive even in the 
competitive case because the price will equal 
marginal benefits and will be exceeded by av- 
erage benefits. 

We have indicated how a specific tax can in- 
duce optimal behavior in this model. With the 
parameters the optimal tax (r) is $74.35 per ton, 
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Table 1. A Comparison of the Alternative Regimes 
Specific 
First-Best Comp. Tax . Quota 

Effort 1,357.5 1,357.5 1,357.5 1,397.8 
Fleet size 70.7 97.0 70.7 71.7 
Tax rate 74.4 

Quota 482.5 
Expected output 4,155.3 5,698.3 4,155.3 4,338.5 
ENSB 5,819,967.3 5,787 ,239.2 5,819,967.3 §,815,285.5 
CS 415,922.2 782,159.5 415,922.2 453 394.2 
RENT 308 ,953.3 0 308 ,953.3 280,196.0 
DEFNB 5,095 ,091.8 5,005 ,079.7 5,095,091 .8 5,081 ,695.2 


Note: ENSB corresponds to the presented discounted value of the fishery’s expected net benefits to society in the various situations. CS 
measures the consumer surplus, and RENT the economic rent accruing during the initial period of the planning horizon. Finally, DEFNB 
refers to the present discounted value of the expected future net benefits to society, i.e., 


DEFNB = Wa XU + D), 


SO, 


ENSB = CS + RENT + DEFNB. 


or approximately 7.2% of the industry price. In- 
terestingly, this magnitude is similar to the tax 
proposed by Pearse for the British Columbia 
salmon fishery. Given the unpopularity of the 
Pearse tax on salmon, it is likely that a 7.2% 
halibut tax would meet the same fate. 

Of. greater interest are the individual boats 
quotas. We estimate an optimal quota of 482.5 
tons per boat, with per boat effort (1,397.8 skate- 
soaks) and the size of the fleet (71.7 boats) being 
marginally larger than first-best levels. The quota 
succeeds in removing 85.7% of the loss of ex- 
pected net social benefits associated with com- 
petitive behavior in this fishery.” The truncat- 
ing nature of the quota implies that its imposition 
will lead to a reduction in effort per boat, ceteris 
paribus. Recognizing this, the regulatory au- 
thority will reduce the size of the fleet below 
the competitive level in order to increase the ex- 
pected marginal value of effort, thereby induc- 
ing a secondary increase in effort. As the fishery 
moves from a competitive to a quota equilib- 
rium, the increase in predicted effort is conse- 
quence of this secondary adjustment.” 

Given these results, the actual situation in the 
fishery is of obvious interest. While season con- 
trols were in effect prior to 1979—80, since then 
there has been limited-entry licensing. The fun- 


? Beczuse the rents associated with the quota accrue to the fish- 
ermen, we would almost certainly have observed a decrease in the 
optimal s2ason length if the model had been formulated to consider 
this issue. 

2 The second-best nature of the quota will, in general, prevent 
effort per boat from being at an optimal level. 


damental weakness of this scheme is well known: 
it does not control the fishing capacity of the 
fleet. Pearse recognizes this problem and rec- 
ommends that individual boat quotas be adopted. 
“The outstanding advantage of this approach is 
that it eliminates the basic cause of overcapacity 
in the fishing industry by removing the incen- 
tives of individual fishermen to protect and in- 
crease their share of the catch” (Pearse, p. 84). 
He also suggests that quota licenses be issued 
for a limited period. When that period has 
elapsed, the government would then hold an 
auction and sell the quota license to the highest 
bidder. In this way, the government would re- 
coup the rent associated with the quota. 

The small difference between taxes and quo- 
tas in these simulations is surprising, and we are 
led to question whether the structure of the model 
has forced this result. For instance, the assump- 
tion that 8, 0, and e are uncorrelated is quite 
strong: it is possible to envisage situations in 
which this would not follow. The inclusion of 
either inter- or intratemporal correlation, or both, 
is found to affect the differences in expected net 
social benefits when comparing the competitive, 
tax, and quota regimes.” For instance, increas- 
ing the intratemporal correlation coefficient be- 
tween £ and 0 from zero induces additional losses 
in expected net social benefits for both the com- 
petitive and quota cases. To be more specific, 


** While it is feasible to adjust the analyses of the first-best, tax, 
and competitive cases to allow for nonzero correlation coefficients, 
we are only able to approximate their impact with quotas. 
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if e and @ are perfectly correlated the loss in 
expected net social benefits arising from com- 
petitive behavior will increase to $53,929.23 and 
a quota would then remove 85.2% of the loss. 
Of course, the possibility of intertemporal cor- 
relation also exists. Suppose that, in addition to 
the intratemporal correlation between s and @ 
discussed above, e follows a first-order auto- 
regressive process, i.e., e(f) = ye(t — 1) + u(t}, 
where y is set equal to 0.50, and p(Z) is a ran- 
dom variable. Then the loss is expected net so- 
cial benefits arising from competitive behavior 
falls to $46,277.67, and a quota removes 86.6% 
of the loss. Thus, the lack of both inter- and 
intratemporal correlation may have introduced 
bias into the results summarized in table 1, but 
the direction of this bias is unclear. 

The particular forms chosen for the demand, 
cost, and growth functions also may have con- 
strained the result. For instance, suppose that 
costs are a cubic rather than a quadratic function 
of effort. Sensitivity analysis reveals that, if 
marginal costs are an increasing (concave/con- 
vex) function of effort, then the losses associ- 
ated with competitive behavior and the quota re- 
gime are (increased/decreased). The potential 
bias arising from the particular demand rela- 
tionship which is adopted is equally unclear. 
Suppose, for instance, that bọ and b, are ad- 
justed so as to keep the price constant at a par- 
ticular output level: the price elasticity of de- 
mand will then change, and we find that the losses 
associated with free entry and the quota are in- 
versely related to the elasticity. An analogous 
exercise with respect to the growth function’s 
parameters yields similar results. The original 
specification of the various functional relation- 
ships may thus have introduced bias into the 
analysis, but in an unknown manner. 


Concluding Comments 


This paper has contributed to the continuing re- 
search on regulatory methods for commercial 
fisheries under uncertainty. While the timing of 
decision-making guarantees that taxation will be 
first-best in a limited information sense in our 
model, the loss of expected net benefits asso- 
ciated with a quota are small. This finding is 
especially surprising because catch and kill are 
typically not identical in the presence of a quota 
as a result of the high mortality rate of fish re- 
turned to the ocean. Given the political diffi- 
culty that regulators face in imposing taxes on 
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catch, a properly designed quota may be the best 
practical alternative for fishery regulation. 


[Received January 1990; final revision 
received July 1990.] 
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Endangered Species and the Safe 
Minimum Standard 


Richard C. Ready and Richard C. Bishop 


The safe minimum standard of conservation is a decision rule for problems like 
endangered species preservation that involve irreversibility and uncertainty. It has been 
motivated as the minimax-loss solution to a two-person game against nature. However, 
two equally plausible games can be used to model decisions involving endangered 
species. For one game, the safe minimum standard, and therefore preservation, is 
preferred. For the other game, extinction is preferred. Although the safe minimum 
standard is intuitively appealing, it cannot be motivated by game theory. 


Key words; conservation, endangered species, irreversibility, uncertainty. 


Extinction of plants and animals is an example 
of a class of economic problems that involve ir- 
reversible destruction of environmental ameni- 
ties and uncertainty over the future value of those 
amenities. If preserved, a species might become 
an important resource in the future. However, 
how valuable a particular species might become 
is at present unknown. At the same time, pres- 
ervation of species may Involve near-term costs. 
Ideally, economic analysis of issues involving 
endangered species would focus on the potential 
Pareto improvement criterion using cost-benefit 
analysis, including consideration of quasi-op- 
tion value (Arrow and Fisher, Fisher and Ha- 
nemann). This approach may be stymied, how- 
ever, by inability to assign probabilities to 
alternative outcomes or even to place bounds on 
potential payoffs from preservation (Smith and 
Krutilla, Bishop 1979). 

Ciriacy-Wantrup proposed an alternative de- 
cision rule for problems involving irreversibility 
and pure uncertainty, the safe minimum stan- 
dard of conservation (SMS). Wantrup was con- 
cerned with “flow resources with a critical zone,” 
renewable resources where irreversible deple- 
tion is possible. Wantrup’s concern was that the 
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irreversible loss of potential resources would limit 
society’s ability to adapt to a changing world, 
leading to stagnation and the risk of “immod- 
erate future losses.” He argued that the appro- 
priate policy for critical zone flow resources was 
to insure against such losses by adopting the safe 
minimum standard of conservation, which states 
that flows should be maintained at a level that 
makes it feasible to rebuild the stock in the fu- 
ture. For example, Ciriacy-Wantrup and Phil- 
lips stated that: 


The objectives of conservation policy—and of many 
other public policies—can often be compared with 
the objectives of an insurance policy against serious 
losses that resist quantitative measurement. Here the 
objective is not to maximize a definite quantitative 
net gain but to choose premium payments and losses 
in such a way that maximum possible losses are 
minimized. (Ciriacy-Wantrup and Phillips, p. 28) 


Wantrup personally applied the SMS concept to 
water quality (Ciriacy-Wantrup 1961) and ag- 
ricultural land (Ciriacy-Wantrup 1964) as well 
as endangered species (Ciriacy-Wantrup 1952, 
Ciriacy-Wantrup and Phillips). 

Whereas cost-benefit analysis has a sound 
theoretical foundation in the potential Pareto im- 
provement criterion, the safe minimum standard 
has not been adequately tied to a theoretical model 
of social choice. Wantrup claimed that the safe 
minimum standard could be “regarded as a con- 
ceptual relative of the min-max solution or sad- 
dle point of a two-person strictly determined 
game” (Ciriacy-Wantrup 1968, p. 89), but he 
never formalized this relationship. Bishop (1978) 
attempted to formalize the relationship between 
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the SMS and the minimax solution to a two-per- 
son game, but he incorrectly specified the loss 
matrix for the game he envisioned.’ 

The purpose of this paper is to explore the 
link between game theory and the safe mini- 
mum standard of conservation. This will be done 
in the context of species preservation, but the 
results are applicable for a wide range of deci- 
sions involving irreversible destruction of nat- 
ural resources. We identify two separate games 
that could be used to model endangered species 
preservation decisions, the insurance game and 
the lottery game. While either model is plausi- 
ble, they yield completely different conclusions 
regarding endangered species policy. 


The Insurance Game 


A highly simplified version of the problem helps 
focus attention on central issues. Suppose that 
society is confronted with whether or not to de- 
velop resources where development will entail 
the extinction of a species. The development 
benefits will be symbolized by Ba, where B, is 
assumed net of any known losses in use or non- 
use values associated with the extinct species.’ 
Nevertheless, B4 > O is assumed to hold. Oth- 
erwise, extinction would never be efficient. Also, 
it will be assumed that preservation of the spe- 
cies requires only that development be aban- 
doned; there are no out-of-pocket costs for pres- 
ervation. 

Following Wantrup, extinction is assumed to 
entail the possibility of future losses, symbol- 
ized by L, which are assumed to be large; L is 
at least large enough so that L > B4. For ex- 
ample, L might be the losses incurred from the 
possible, but uncertain, outbreak of some deadly 
disease like AIDS. If the species in question is 
present, a cure for the disease will be found with 
certainty, making losses zero. However, if the 
species is extinct, the disease will, if it does oc- 
cur, inflict heavy losses on society, measured 
by L. Uncertainty is modeled by two policy-in- 
dependent future states of the world, state 1 and 
state 2, corresponding to an outbreak of the dis- 
ease and no outbreak, respectively. We assume 


i In his loss matrix, Bishop (1978) double counted the benefits 
from species preservation in his state 2. 

? Following Krutilla, non-use values are values that are held by 
individuals above and beyond values associated with personal use 
of the species. To the extent that such values are motivated by 
benevolence toward future generations (Krutilla’s “bequest val- 
ues”), they may incorporate consideration of the avoidance of the 
loss L, leading to some double counting in our game matrix. This 
issue will be ignored here in order to concentrate on the nature of 
the game. 
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that L and B, are known, but that the probabil- 
ities of state 1 and state 2 are unknown. 

In game-theoretic terms, society has two pos- 
sible strategies, SMS and DEV, representing the 
maintenance of the safe minimum standard and 
development, respectively. The baseline for 
measurement of losses is arbitrarily chosen as a 
situation of no disease and no development. The 
loss matrix for the insurance game is con- 
structed by measuring gains and losses from that 
baseline and is presented in table 1. Each row 
depicts a social strategy, and each column rep- 
resents a state of the world. In the upper left- 
hand corner, the SMS is chosen and an outbreak 
of the disease occurs. Because the species is 
present, the disease is cured and no losses are 
sustained. Thus, the loss, relative to the base- 
line, is zero. If the SMS were chosen and the 
disease did not occur (the upper right-hand cor- 
ner), the loss would again be zero. Choosing 
development implies a gain of B, (a loss of —B,). 
If development is chosen and an outbreak of the 
disease does not occur, then the total loss is sim- 
ply —B,. If development is chosen and the out- 
break does occur, then the total loss is L — By, 
which is positive by definition. This is the im- 
moderate future loss that Wantrup wanted to 
avoid. If this situation is viewed as a two-per- 
son, zero-sum game played against nature, the 
strategy that minimizes that maximum possible 
loss is preferred. Under the SMS, the maximum 
possible loss is 0. Under DEV, the maximum 
possible loss is L — Ba. The preferred strategy 
is then SMS. 

Wantrup’s idea of insurance against large fu- 
ture losses is implemented in that choosing the 
SMS insures that such losses will be avoided. 
Unfortunately, the conclusion that the SMS is 
the recommended policy for endangered species 
decisions is not robust to the specification of the 
game. Tc illustrate this, a different game, called 
the lottery game, is presented. 


The Lottery Game 


The assumptions are changed only slightly. 
Suppose that the same endangered species and 
the same disease are involved. In the insurance 
game, we assumed that the endangered species 
held the key for curing the disease, and that the 
outbreak of the disease was uncertain. In the lot- 
tery game, the disease is assumed to occur with 
certainty, but there is uncertainty about whether 
preservation of the species will lead to a cure. 
In state 1, the species does hold the cure, in state 
2, it does not. An example is a disease such as 
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Table 1. Loss Matrix for the Insurance 
Game 

State 
Strategy l 2 Max Loss 
SMS 0 0 0 
DEV L ~ Bı —B, L — B, 


cancer, that we know will occur. The endan- 
gered species could be a plant that might pro- 
vide chemical compounds helpful in treating 
cancer. 

The baseline for the lottery game is no de- 
velopment and no cure. The loss matrix for the 
lottery game is presented in table 2. If the SMS 
is chosen and state 1 occurs, the losses from the 
disease are avoided, giving net losses to society, 
relative to the baseline, of —L (a gain). If the 
SMS is chosen and state 2 occurs, the baseline 
situation occurs with net losses of 0. If DEV is 
chosen, the disease will not be cured regardless 
of the state because the species is unavailable. 
Net losses are —B, (a gain) in either state. 

The lottery game captures an often-heard ar- 
gument for species preservation: that endan- 
gered species should be saved because they may 
lead to the discovery of important new re- 
sources. Preserving the species is analogous to 
buying a lottery ticket. Adopt the SMS and so- 
ciety may (or may not) win big. 

The maximum possible loss under the SMS in 
the lottery game is 0, while under DEV it is —B,, 
which is less than zero. The minimax strategy 
for the lottery game therefore is to choose de- 
velopment, and guarantee a gain of By, even 
though it means extinction of the species and 
thus insures that society will suffer the losses 
associated with the disease. Thus, a seemingly 
innocuous modification of the motivation of the 
problem has completely reversed the conclu- 
sion. 


Table 2. Loss Matrix for the Lottery Game 





State 
Strategy I 2 Max Loss 
SMS =L 0 0 
DEV ~By -Ba =B; 


* A similar reversal of the conclusion would occur in the insur- 
ance game if a third state of the world were introduced, where an 
outbreak of the disease occurs but the species does not provide the 
cure. 
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Neither game captures the nature of the problem 
better than the other. Wantrup clearly viewed 
species preservation according to the insurance 
game. Bishop tended to motivate the problem 
along the lines of the lottery game but incor- 
rectly specified the loss matrix, leading him to 
conclude the SMS was the preferred strategy. 
While Fisher and Hanemann operated in a cost- 
benefit framework, they discussed aspects of both 
games, and focused attention on a problem that 
is best modeled by the lottery game. Here, we 
have shown that, depending on how the endan- 
gered species problem is motivated, the conclu- 
sions reached using a minimax loss decision rule 
could be completely reversed. Use of a game- 
theoretic framework gives structure to the prob- 
lem. However, SMS cannot be motivated as the 
minimax-loss solution to a two-person game 
against nature. 

Interestingly, using the minimax-regret deci- 
sion rule, the conclusion is that the SMS should 
be adopted for either the lottery game or the in- 
surance game. There is some evidence that in- 
dividuals consider regret when making deci- 
sions under uncertainty, rather than maximizing 
expected utility (Loomes and Sugden). Perhaps 
the intuitive belief that endangered species should 
be preserved is motivated by regret consider- 
ations. However, while individuals may make 
decisions based on regret, it is questionable 
whether public decisions regarding endangered 
species should be made that way. 

Rejection of game theory does not necessarily 
imply rejection of the SMS as a decision-making 
policy, although it does leave us without a the- 
oretical foundation for that policy. Society may 
choose to adopt the SMS not because it results 
from a rigorous model of social choice, but sim- 
ply because individuals in the society feel that 
the SMS is “the right thing to do.” Indeed, the 
Endangered Species Act of 1966 (with subse- 
quent amendments) seems to codify that feeling, 
allowing only a limited role for economic anal- 
ysis in endangered species decision making. 


[Received September 1989; final revision 
received May 1990.] 
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Demands for Local Public Sector 
Outputs in Rural and Urban 


Municipalities 


Melville L. McMillan and Joe Amoako-Tuffour 


Little is known about local public services demands in rural municipalities and how 
they differ from demands in urban municipalities. Local public sector output demands 
in rural and urban municipalities in Victoria, Australia, are studied here using a system 
of equations approach based on the translog model. Expenditure, price, and substitution 
elasticities are reported. Demands differ between rural and urban municipalities and 


even among the (especially urban) subclasses. 


Key words: Australia, local government, municipal service demands, rural, urban. 


Many studies have considered the demands for 
municipal government outputs, but these studies 
have focused almost exclusively on urban mu- 
nicipalities (e.g., Bergstrom and Goodman; 
Deacon; Ladd; Hayes 1985, 1986; Hayes and 
Grosskopf; Hayes and Slottje; McMillan, Wil- 
son, and Arthur; Perkins). With rare exceptions 
(Kiefer, McMillan 1985), rural municipalities 
have been ignored. Indeed, it is unusual that dif- 
ferences between types of municipalities are 
central to any such analysis (Hayes 1985; 
McMillan, Wilson, and Arthur). The objective 
of this paper is to compare the demands for local 
public services in rural jurisdictions with those 
in urban municipalities. The data encompass all 
municipalities in the State of Victoria, Aus- 
tralia. Municipalities there range from densely 
populated cities in the Melbourne metropolitan 
area to sparsely populated rural municipalities. 


Demands for local public services may differ 


between rural and urban municipalities for var- 
ious reasons. The spatially dispersed nature of 
rural households and business is expected to make 
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road transportation a priority in order to service 
rural enterprises, market their products, and 
provide access to services available only in ur- 
ban centers. A sparse population also reduces 
the potential economies of public services like 
water, sewerage, and garbage and results in more 
private provision. The higher travel costs in- 
curred to use centrally located public recre- 
ational and cultural facilities may reduce the de- 
mand for them. The importance of property 
ownership in rural municipalities and local gov- 
ernments’ reliance on property taxes may imply 
a perceived greater property tax burden in rural 
communities and a more conservative attitude 
toward local government spending. Also, the 
relative numbers and the political weight of 
households in rural and urban portions of non- 
homogenous municipalities may influence de- 
mand. The data studied here indicate distinctly 
different expenditure patterns between rural and 
urban local governments. The objectives are to 
determine whether such differences warrant dis- 
aggregation of municipalities by type when ex- 
amining local public service demands and, if so, 
what differences in demand exist. 

The characteristics of the demands for six 
municipal services are reported for rural and ur- 
ban municipalities. While attention is focused 
on these two groups, the rural group is actually 
the combination of two types of rural munici- 
palities (rural shires and rural with small urban 
centers) and the urban group is a composite of 
three types of urban municipalities (small in- 
dependent urban, suburban, and central metro- 
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politan cities). Thus, we also provide the results 
for each subgroup and briefly consider within 
rural and within urban subgroup differences.’ The 
nature of preferences for municipal services based 
on all 211 Victoria municipalities together is re- 
ported in McMillan and Amoako-Tuffour 
(1988b). 

In the following section, the characteristics of 
the municipal classes are discussed. The indirect 
translog model used to estimate the demand 
functions then is outlined and the data are dis- 
cussed. Next, the empirical results and the es- 
timated elasticities are reported by municipality 
type. A conclusion completes the paper. 


Municipality Classification and 
Characteristics 


The mean values of the local characteristics for 
the various classes are reported in table 1. When 
considering the two group rural-urban division, 
in general, the rural municipalities have much 
smaller populations, lower per capita incomes, 
a larger tax base per capita but a smaller portion 
being residential property, greater local expen- 
ditures per capita (notably for roads), and a less 
dense and less urbanized population than the ur- 
ban municipalities. Comparing the two rural 
categories, the rural shires have smaller popu- 
lations and less (indeed almost no) population 
growth, a smaller share of their population is in 
urban areas (10% as opposed to 37%), and, al- 
though both types of rural municipalities typi- 
cally incorporate several population centers, the 
average population of each center is 65 in the 
rural shires in contrast to 330 in the other group. 

Three subgroups constitute the urban munic- 
ipalities. One group is essentially the cities in 
the central portion of the Melbourne area plus 
two nearby cities; it is designated as the central 
metropolitan cities group. These cities are large, 
densely populated, house a somewhat older 
population, and are experiencing population de- 
cline. Provincial cities dominate the small, in- 
dependent urban center group. The municipali- 
ties in this group are typically separated from 
other urban centers and, relative to other urban 


' Cluster analysis was used to divide the 211 Victoria munici- 
palities into the five classes studied here (McMillan 1983). Shire 
is the Victoria term for a rural municipality and is used here to 
designate the most rural subset of that group. In 1978, there were 
133 shires in Victoria, most of which fall into the 111 rural group 
with almost all the others, on the fringe of major urban areas, fitting 
into the suburban category. 
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municipalities, have smaller populations, lower 
househeld incomes, and higher per capita local 
government expenditures. Predominately sub- 
urban municipalities, many from the Melbourne 
metropolitan area, form the remaining urban 
group. This group has large and relatively young 
populations, multiple population centers, rapid 
growth, and high household incomes. 

Public expenditure characteristics in these 
groups exhibit distinctly different patterns. Per 
capita expenditures in rural municipalities av- 
erage $247 in contrast to $165 in urban com- 
munities. Budget allocations are also quite dif- 
ferent. Expenditures for general government and 
road maintenance represent almost two-thirds of 
the rural budget but less than one-third of urban. 
Road maintenance represents the greatest dif- 
ference—less than one-tenth of urban outlays 
but one-third in rural municipalities generally and 
four-tenths in the rural shire subgroup. To- 
gether, expenditures for education, health and 
welfare, recreation and culture, and community 
amenities and economic services are one-fourth 
of rural budgets but one-half of urban outlays. 
Although smaller porportionately, the per capita 
2xpenditures for education, health, and welfare 
differ little between rural and urban municipal- 
ities. The same is true of “other” expenditures. 
The budget shares devoted to expenditure areas 
vary substantially between rural and urban mu- 
nicipalities and, to a lesser extent, among their 
subgroups. The analysis below seeks to explain 
that variation as a function of the relative cost 
of services in the communities and the expen- 
diture level. 

Because Victoria’s municipal governments are 
not responsible for schooling, police protection, 
cr social welfare, their role and budgets are more 
modest than is usually the case in the United 
States or Canada. Otherwise, the municipal au- 
thorities provide a conventional range of mu- 
nicipal services. Municipalities are governed by 
locally elected councils. In 1978—79, property 
ownership or occupancy restrictions implied that 
not everyone could vote in local elections. There 
is now universal franchise with special provi- 
sions for nonresident property owners. (For fur- 
ther discussion of the data and the institutional 
environment, see McMillan 1985.) 


The Model 


Tne indirect utility function is the foundation of 
this analysis. Utility is a function of commodity 
prices, P; and the expenditure, M, on the bundle 
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of goods. The translog flexible functional form 
advanced by Christensen, Jorgenson, and Lau 
was chosen for estimation. 


(1) InV= a+ >) aln(P,/M) 
1 
eS X, >, bn(P:/M)ln(P,/M). 
i j 


The translog function serves as a local approx- 
imation of the exact (twice differentiable} indi- 
rect utility function about a point. Using Roy’s 
Identity and maximizing utility subject to the 
budget constraint M = =P;,X;, yields demand 
equations in expenditure share form: 


a, + » B,ln(P,/M) 





P i 





(2) oe 
"3 a, + 2; 2 B,ln(P,/M) 
(aan ee eet n) 
when 3; = B; in the indirect utility function (1) 
above. 


For consistency with the assumptions of util- 
ity maximization subject to a budget constraint, 
(a) the substitution matrix must be symmetric 
(requiring B; = B;) and negative semidefinite, 
and (b) the demand functions must be homog- 
enous of degree zero in prices and expenditure 
which requires that Za; = 1 (a normalization) 
and 2,8, = 0 for each i. We maintain the sym- 
metry restrictions and the normalization on a@ but 
test for homotheticity. 

The system of equations to be estimated is 
limited to the set of local publicly provided 
commodities. In doing so, the demands for local 
public commodities are assumed a weakly sep- 
arable branch of the utility function. This as- 
sumption is consistent with a two-stage deci- 
sion-making process in which local households 
collectively decide how much to allocate to the 
local public sector and then how to allocate it 
among the various local public outputs. That 
collective provision is utility maximizing is 
maintained by the usual assumption (Bergstrom 
and Goodman) that public output is consistent 
with the preferences of the median voter. 

One can speculate as to whether a utility max- 
imization model is appropriate for the study of 
public outputs. Strong conditions are necessary 
if even aggregate private good data are to satisfy 
the predictions of consumer choice theory. The 
political processes involved in translating indi- 
vidual voter’s preferences into collective choices 
are more complex and presumably argue for an 


Amer, J. Agr. Econ. 


even more tenuous association with utility max- 
imization. On the other hand, utility maximi- 
zation based on the median voter model is now 
central to the theory of local public provision 
and has seen successful empirical applications 
(see Inman and Rubinfeld). Deacon, for exam- 
ple, provides a strong argument in favor of the 
utility-maximizing model. However, when the 
above conditions necessary for constrained util- 
ity maximization are tested, they are rarely fully 
satisfied. But then, similar tests of private good 
demands are frequently unsuccessful. On a more 
positive note, using a nonparametric test based 
on the generalized axiom of revealed prefer- 
ence, DeBoer and, to a somewhat lesser degree, 
McMillan and Amoako-Tuffour (1988b) pro- 
vide evidence suggesting that the constrained 
maximization model may characterize the allo- 
cation of public expenditures. 

Although estimation of flexible functional 
forms imposes minimal a priori restrictions on 
the underlying preferences, few studies have used 
this method in estimating the demands for pub- 
lic outputs (e.g., Dunne and Smith; Dunne, Pas- 
hardes and Smith; Hayes and Grosskopf; Gross- 
kopf and Hayes 1983,. 1986; McMillan and 
Amoako-Tuffour 1988b). Also, the single-equa- 
tion approach usually used (Deacon and Perkins 
are exceptions) has meant that potentially im- 
portant complementary and substitute relation- 
ships have generally been neglected. The sys- 
‘em of equations resulting from the translog 
model employed here permits these to be rec- 
ognized fully—-and, as a result of the rural-ur- 
ban disaggregation, even interjurisdictional dif- 
ferences. The indirect specification allows us to 
use information available on the prices of local 
public services in Victoria’s municipalities. 


Data 


Systems of demand equations were estimated 
using 1978—79 cross-section data for the 211 
municipal governments in Victoria, Australia. 
Measures of the costs (or prices) of local public 

2rvices are a unique feature of the data. These 
measures are derived from unpublished data of 
the Victoria Grants Commission. As part of its 
procedure, the commission estimates the expen- 
diture required for each municipality to provide 
a standard level of service. Allowance is made 
for intercommunity variations in (a) the number 
o7 units to be served (“expenditure needs”) and 
(b) the local unit cost of the service (“expen- 
diture disability”). Expenditure needs arise from 
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deviations from the standard measure of units to 
be served. For example, a disproportionately high 
share of population under the age of five implies 
greater expenditures for health services, and more 
kilometers of roads per property impose extra 
road costs. A disability allowance adjusts for 
unusual unit costs due to special difficulties in 
providing local services. The estimated expen- 
diture requirements are discounted to reflect only 
the expenditure financed from the municipali- 
ty’s own revenues.” In 1980, assessments were 
made for eleven types of expenditures, which in 
the collection and analysis of the data were se- 
lectively combined into six expenditure cate- 
gories: general administration (27.8% of the to- 
tal); road maintenance (24.7%); education, 
health, and welfare (8.3%); recreation and cul- 
ture (15.6%); community amenities and eco- 
nomic services (largely garbage disposal and 
street cleaning and lighting) (10.5%); and other 
(13.1%). The price or cost for each service is 
defined as the expenditure (specifically the 
amount financed locally) deemed by the com- 
mission as necessary to provide the standard level 
of service divided by the municipal population. 
This figure does not represent the unit cost of 
the service, but rather, the average price to the 
local taxpayer. Thus, the per capita cost of ser- 
vices as derived from the commission’s esti- 
mates are relatively greater where the commis- 
sion found exceptional expenditure needs or 
expenditure disabilities. 

Such a measure of the relative price of public 
services is quite unusual, especially for local 
governments. (Deacon, and Blackley and DeBoer 
also established relative prices.) Typically in de- 
mand for local public good studies, the price to 
the decisive voter is based upon grants, tax share, 
and/or possible tax exporting.” Assuming other 
governments maintain their sharing ratios, grants 
are already reflected in the price indexes. In this 
analysis, local tax share is uniform for all six 
categories of public services, so it does not af- 
fect relative prices. Similarly, although Mc- 
Millan (1985) found evidence in this data of 
perceived tax shifting /exporting, such evidence 
does not change relative prices within a munic- 
ipality and therefore will not influence budget 
shares. Thus, for an analysis of demand based 
on expenditure shares, relative price measures 
(as outlined here) are both necessary and ade- 


? In determining its grant recommendations, the commission also 
considers revenue-raising Capacity, population, and area. 

* See Inman and Rubinfeld for discussion. Alternatively, some 
use wage rates and labor shares (e.g., Hayes). 
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quate in the context of the usual public sector 
prices. 

Demographic variables (e.g., community 
characteristics) could also be incorporated in the 
model, e.g., Dunne and Smith. The work of 
Hayes (1986) and McMillan, Wilson, and Ar- 
thur suggests adding population. The extent to 
which population and other demographic char- 
acteristics reflect expenditure needs has already 
been incorporated into the price term. However, 
demographic variables might be added to pick 
up interjurisdictional variations in the private cost 
of consuming public services or to recognize 
possible taste differences. Efforts to incorporate 
demographic variables into this model encoun- 
tered difficulties. However, McMillan (1985) 
found demographic variables in this data not very 
important in explaining per capita expenditures. 
Furthermore, Barnes and Gillingham found the 
introduction of demographic variables in a sys- 
tem of consumer demand equations inferior to 
using unpooled data. The division of this data 
into rural and urban (and the associated 
subgroups) achieves a degree of unpooling by 
demographic characteristics expected to be re- 
lated to costs and tastes and rationalizes not in- 
cluding demographic variables here. Not incor- 
porating demographic variables into the model 
results in the specification employed here being 
consistent with our earlier work. 


General Empirical Issues 


The demand system was estimated for each of 
the seven municipal classifications in table 1. 
Each system has six local public good cate- 
gories, but restrictions require that only five 
equations be estimated.* The equation for the 
other expenditure category (OTH ) was excluded 
leaving the five equations for general govern- 
ment (GEN), road maintenance (ROAD), edu- 
cation, health, and welfare (EHW), recreation 
and culture (REC), and community amenities 
and economic services (CAES). 

The system was first estimated with symme- 
try G.e., By = Bj, and also the normalization 
2a; = 1 and the equality constraint) imposed and 
again with the homogeneity constraint 2B; = 
O added. The estimated parameters are not re- 


* Because the budget shares must sum to unity, the disturbances 
are not independent so the six-equation variance-covariance matrix 
is singular. This problem is handled by arbitrarily omitting one 
equation. The system of the n — 1 remaining equations was then 
estimated using SHAZAM (version 5.0). 7 
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ported here but are available in McMillan and 
Amoako-Tuffour (1988a). The log likelihood 
values and test statistics of homogeneity con- 
ditional on symmetry are reported in table 2. The 
test rejects the homogeneity restrictions, a con- 
dition required for utility maximization, for all 
municipality classes but not for the small in- 
dependent urban group. Although homogeneity 
is not rejected for one class, for consistency. with 
the other estimates, the following results are from 
the models without the homogeneity restric- 
tions. 

The log likelihood values are also used to test 
the disaggregation of the municipalities into the 
various subgroups. Those tests indicate that the 
proposed subdivisions are justifiable (table 2). 
Informational inaccuracy values (Theil and 
Mnookin) support the disaggregation. The in- 
formational tnaccuracy value (the mean accu- 
racy) typically diminishes with disaggregation. 
Although public service price variations explain 
a large part of budget share differences among 
the total group, the greater homogeneity within 
subgroups reduces the overall inaccuracies of the 
estimates (McMillan and Amoako-Tuffour 
1988a). These results substantiate the earlier 
conjectures that demands for municipal services 
are not alike among municipalities of different 
types. While the rural-urban separation was ex- 
pected, finding the distinctions among the 
subgroups was surprising. 

The expenditure and the uncompensated own- 
price and cross-price elasticities for the seven 
municipality groupings are reported in tables 3, 
4, and 5. Elasticities were evaluated at the sam- 
ple means using the elasticity formulas found in 
Christensen and Manser. The Allen partial elas- 
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ticities of substitution are reported in table 6, 
and the Morishima elasticities of substitution for 
the combined rural and combined urban groups 
are reported in table 7. 


A Rural-Urban Comparison 


The empirical results are discussed first for the 
two class rural-urban division. The discussion 
then turns to the disaggregation of the rural mu- 
nicipalities and finally for the subdivision of the 
urban municipalities. 


Expenditure Elasticities 


Except for the relatively low expenditure elas- 
ticity for other expenditures (about 0.3) for both 
the rural and urban groups, the expenditure elas- 
ticities in those two groups in table 3 range from 
about 0.6 to 1.6. The recreation and culture cat- 
egory has the largest expenditure elasticity at 
approximately 1.6 for both the rural and urban 
groups. Although there is some difference be- 
tween the expenditure elasticities in the two 
groups, the levels are quite similar except for 
the community amenities category which has a 
value of about 1.27 for the rural group but 0.75 
for the urban group. The nature of other expen- 
ditures, which include debt servicing and repair 
and restoration after natural disasters, likely ex- 
plains its relatively low elasticity. This low value, 
as well as the range in the other expenditure 
elasticities reflects the merits of not imposing 
homogeneity which would restrict these elastic- 
ities to unity. 


Table 2. Tests of the Homogeneity Restriction (log-likelihood values) 





Rural with Small Central 
Rural Decentralized Rural Independent Metropolitan Urban 
Shires Urban Centers (Combined) Urban  Surburban Cities (Combined) 
Symmetry** 504.9 577.6 1039.1 326.1 428.4 308.5 960.4 
Symmetry and 
homogeneity 495.0 560.2 1020.9 321.6 396.6 296.0 940.2 
Test statistic’ 19.8 34.8 36.4 :0.0 63.6 25.0 40.4 
(-2LLF) 


* The normalization La; = 1 and the equality constraint (2,8, is the same in each equation) are also maintained along with the symmetry 
restriction, By = fj 

» The test statistic is minus twice the log of the likelihood function; i.e., -2LLF = ~2(InLg — InLy), where Lz and Ly are the likelihood 
values of the restricted (homogeneity and symmetry) and the unrestricted (symmetry only) models. 

€ Six additional restrictions are required for homogeneity. The critical y? values at the 5% and 1% level of significance with six degrees 
of freedom are 12.59 and 16.81, respectively. 

4 These values are used to test the varicus disaggregations. For the division of all municipalities into the rural group and the urban group, 
for example, yields the test statistic 197.6 for 20 degrees of freedom from ~2InA = [£1039.1 + 960.4) ~ 1900.7]. The xy’ test for further 
disaggregation of the combined rural and combined urban cases yields 85.2 and 205.2, respectively. The crit.cal y? values at the 5% 
level are 31.41 and 55.76 for 20 and 40 degrees of freedom. 
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Table 3. Expenditure Elasticities of Demand 








Budget Category“ 
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Municipality Class GEN ROAD EHW REC CAES OTH 
Rural shires 0.832 1.098 0.490 1.830 1.448 0.483 
Rural with decentralized urban 1.013 1.000 1.012 1.821 0.572 0.271 
Rural (combined) 0.884 1.146 0.616 1.594 1.269 0.340 
Small independent urban 1.385 0.369 1.111 1.445 0.662 0.571 
Suburban 0.720 0.837 0,439 2.231 0.901 0.060 
Central metropolitan cities 1.180 0.919 1.343 1.396 0.555 0.419 
Urban (combined) 1.076 1.113 0.903 1.602 0.745 0.303 
* Elasticities are calculated at class mean values. 
Table 4. Uncompensated Own-Price Elasticities of Demand 

Budget Category* 
Municipality Class GEN ROAD EHW REC CAES OTH 
Rural shires —0.623*° —0.879* —0.848* —0.925* ~0.639* 0.296 
Rural with decentralized urban ~0.440* —0.756* =] 1037 =<1.247* =0.4 13" -0.108 
Rural (combined) —0.567* —0.719* —0.881* —0.932* ~0.781* 0.036 
Small independent urban —0.384 —0.414* 0.506 —0.272 —0.349* —0.221 
Suburban =1.237" —0.231* —0.621 —0.880 0.284 ~0.046 
Central metropolitan cities 0.630 —0.733* —1.165 —0.387 —0.206 —0.398 
Urban (combined). —0.851* —0.444* 0.046 —0.438 —0.291* —0.129 


? Elasticities are calculated at class means. 


t Asterisk indicates an elasticity at least twice the standard error of the elasticity of the model with symmetry and homogeneity imposed 


Deacon’s study is the only other one familiar 
to us which reports expenditure elasticities for 
local public outputs. (Blackley and DeBoer, and 
Dunne and Smith report budget/expenditure 
elasticities for various state-local and national 
expenditures.) Although the functions he ex- 
amines differ from the categories used in this 
study, with one exception (municipal courts at 
2.10) the expenditure elasticities vary from 0.85 
to 1.08. Income elasticities are commonly re- 
ported and are typically less than one (Inman). 
Expenditure elasticities of about one are not in- 
consistent with income elasticities of less than 
one because of the intervening effect of the elas- 
ticity of total local government expenditures with 
respect to income, a value which is typically less 
than one (Inman). 


Price Elasticities 


Uncompensated own-price elasticities of de- 
mand are reported in table 4. Unlike the expen- 
diture elasticities, the own-price elasticities for 
the two municipal groups are less similar, ap- 
pearing more inelastic for the urban municipal- 
ities with the exception of the general govern- 


ment category. One positive own-price elasticity 
occurs in each group, but the values are close 
to zero. Only elasticities with the appropriate 
negative sign are believed likely to differ sig- 
nificantly from zero.” For the two aggregated rural 
and urban classes, no own-price elasticity ex- 
ceeds (absolute) 1.0. 

Price elasticities reported in single-equation 
studies of local public services are generally in- 
elastic, but they vary substantially across func- 
tions and among studies, perhaps partly because 
of differences in the definition of the price term. 
Comparison with other studies is impeded be- 
cause the responsibilities of Victoria’s local 
governments do not include schooling and po- 


* Elasticities in tables 4, 5, and 6 which are designated with + 
are at least twice the standard error of the elasticity estimated from 
the model with both symmetry and homogeneity imposed. The es- 
timated elasticities are quite similar for the two models. With ho- 
mogeneity, however, calculation of the standard errors of the es- 
timated elasticities is straightforward (Binswanger) and is believed 
to be a reasonably reliable indicator of significance in this instance. 
Evidence on confidence intervals for the elasticities of substitution 
support this position (McMillan and Amoako-Tuffour 1988a). The 
significance of the expenditure elasticities cannot be approximated 
this way because they are constrained to 1.0 by the homogeneity 
assumption. 
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Table 5. Uncompensated Cross-Price Elasticities of Demand 





Municipality Class 


Budget Category’ 


and Budget Category GEN ROAD 
Rural shires 

GEN —0.064 

ROAD —0.037 

EHW 0.001 0.081 

REC —0.657* —0.014 

CAES —0.633* —0.859* 

OTH —0.151 —0.267 
Rural with decentralized urban 

GEN =0,116* 

ROAD —0.119 

EHW —0.631* 0.063 

REC —0.520 0.007 

CAES —0.128 —0.401 

OTH 0.003 —0.092 
Rural (combined) 

GEN —0.030 

ROAD —0.107* 

EHW —0.218 —0.129 

REC —0.482* —0.247* 

CAES —0.394* —0.523* 

OTH —0.016 —0.148 
Small independent urban 

GEN —0.070 

ROAD 0.066 

EHW —0.847 0.017 

REC —0.382 —0.139 

CAES 0.073 —0.028 

OTH 0.051 —0.040 
Suburban 

GEN 0.137* 

ROAD 0.327* 

EHW —0.542 0.007 

REC 0.350 —0.350* 

CAES —0.066 —0.087 

OTH 0.045 —0.035 
Central metropolitan cities 

GEN 0.008 

ROAD 0.085 

ERW 0.129 0.023 

REC —0.461 —0.053 

CAES 0.109 —0.061 

OTH —0.091 0.041 
Urban (combined) 

GEN 0.065 

ROAD 0.168* 

EHW —0.346 —0.055 

REC —0.069 —0.179 

CAES —0.020 —0.060 

OTH 0.062 —0.022 


EHW REC CAES OTH 
—0.017 —0.090 —0.076*° —0.080 
—-0.021 0.057 —0,095* —0.123 

—0.115 0.391* 0.000 
—0.140 0.372* —0.465 

0.322* 0.597* —0.236 

0.000 —0.281 —0.079 
—0.182* —0.124 —0.065 —0.084 

0.020 0.115 ~0.138* —0.121 

0.585 0.266 =0.192 

0.306 —0.127 —0.238 

0.346* —0.060 0.084 
—0.081 —0.070 0.077 
—0.069 —0.096 ~0.059 —0.064 
~0.064* —0.031 —0.092* —0,132 

0.424 0.259* —0.070 

0.201 0.165 —0.300 

0:233" 0.316* —Q.120 
—0.027 —0.171 —9.013 
—0.416 —0.336 —9.069 —0.110 

0.098 —0.080 —0,000 —0.039 

—0.418 —Q.039 —0.331 
—0.244 -0,235 —0.172 

0.023 —0.130 —0.250 
—0.134 —0.134 0.213 
—0.262 0.733 ~0.014 —0.075 
—0.034 —0.583* —0.132 —0.182 

0.116 0.399 0.201 
—0.139 —0.820* —0.393 

0.226 —1.002* 0.255 

0.174 —0.078 —0.118 

0.101 —0.471 —0.025 —0.163 

0.109 —0.106 ~—0.303* 0.028 

0.095 —0.173 —Q.253 

0.045 —0.501* —0.039 
—0.002 —0.363* —0.032 
sp2 0.169 — 0.020 
—0.188 0.053 —0.073 —0.082 
—0.096 —0.380* —0.188 —0.173 

—0.460 0.125 —0.214 
—0.300* —0.381 —0.234 

0.099 —0.310* —0.162 

—0.082 —0.034 —0.098 





3 Elasticities are calculated at class means. 


> Asterisk indicates an elasticity at least twice the standard error of the elasticity of the model with symmetry and homogeneity imposed. 


lice and fire protection. Even if one considers 
estimates of the elasticity of demand for parks 
and recreation (which should parallel the rec- 
reation and culture category here), the price 
elasticities of demand reported in Inman range 
from -0.19 to -0.92. In his earlier investigation 


or this data, McMillan (1985) estimated expen- 
diture responses to price variables implying price 
elasticities of demand of -0.1 for total municipal 
expenditures, -0.2 for property-related expen- 
ditures and -0.4 for personal services. Because 
of the smaller potential for interfunction substi- 
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Table 6. Allen Partial Elasticities of Substitution 
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Municipality Class 


Budget Category* 





and Budget Category GEN ROAD EHW REC CAES OTH 
Rural Shires 
GEN ~1.183%*° 0.979* 0.494 —0.283 —0.589 —0.004 
ROAD 0.979* —1.067* 0.690 1.795* —0.666 -0.176 
EHW 0.494 0.690 16.222* —0.926 7.788* 0.490 
REC —0.283 1.795* —0.926 ~9,518* 8.771% ~~ 2.969 
CAES —0.589 —0.666 7.788* 8.771* —10.476* —0.984 
OTH —0.004 —0.176 0.490 —2.969 —0.984 3.534 
Rural with decentralized urban 
GEN —0.446 0.605* = 1.079 0.096 0.149 0.279 
ROAD 0.605* —1.654* 1.232* 1.845* —0.837 —0.051 
EHW — 1.079 1.232* —11.628* 5.326 4.538* —0.654 
REC 0.096 1.845% 5.326 AT 0.130 —0.249 
CAES 0.149 —0.837 4.538* 0.130 —4,904* 1.299 
OTH 0.279 —0.051 —0.654 —0.249 1.299 —0.667 
Rural (combined) 
GEN —0.966* 0.797* —0.096 0.019 —0.018 0.287 
ROAD 0.797* —0.967* 0.235 0.869* —0.265 —0.096 
EHW —0.096* 0.235 —11.881* 4,449* .4,569* —0.039 
REC 0.019 0.869* 4.449* —6.830* 4.121* — 1.208 
CAES —0.018 —0.265 4,569* 4,120* —10.671* 0.144 
OTH 0.287 —0.096 —0.039 — 1.208 0.144 0.675 
Small independent urban 
GEN —0.263 0.653 =2 S52 —0.194 0.973 0.788 
ROAD 0.653 —3.954* 1.295 —0.009 0.368 0.156 
EHW —2.527 1.295 5.872 ~0.853 0.879 —0.686 
REC —0. 194 —0.009 —0.853 0.165 0.050 0.508 
CAES 0.973 0.368 0.879 0.050 —1.412* —0.698 
OTH 0.788 0.156 —0.686 0.508 —0.698 —0.631 
Suburban 
GEN —4.369* 2.181* — 1.790 3.673* 0.628 0.243 
ROAD 2.181* — 1.638* 0.513 ~1.514* —0,029 —0.319 
EHW —1.790 0.513 —5.486 0.908 3.054 1.716 
REC 3.673* —1.514* 0.908 saa) ea of —3.139* —Q.257 
CAES 0.628 —0.029 3.054 =3.139* 2.760 —0.714 
OTH 0.243 —0.319 1.716 0.257 —0.714 —0.232 
Central metropolitan cities 
GEN — 1.759 1.316 1.945 —0.756 1.062* —0.002 
ROAD 1.316 —11.739* 1.748 0.484 —0.492 1.125 
EHW 1.945 1.748 -7.473 1.736 0.538 —0.494 
REC —0.756 0.484 1.736 —0.196 —0.939 1.115 
CAES 1.062* —0.492 0.538 —0.939 —0.405 0.324 
OTH —0.003 1,125 —0.494 1.115 0.324 —2.468 
Urban (combined) 
GEN ~2.598* 1.840* —0.592 1.303 0.658 0,569 
ROAD 1.840* ~4,118* 0.258 —0.509 0.036 0.045 
EHW —0.592 0.258 1.310 —~ 1.057 1.620* —0.421 
REC 1.303 ~0.509 = 12057 —0.270 —0.579 0.156 
CAES 0.658 0.036 1.620* —0.579 —0.921* —0.257 
OTH 0.569 0.045 —0.421 0.156 —0.258 —0.493 


* Elasticities calculated at the class mean values. 
> Asterisk indicates an elasticity at least twice the standard error of the elasticity of the mode] with symmetry and homogeneity imposed. 


tution, it is reasonable that the elasticities of ag- 
gregated bundles of services would generally be 
(absolutely) smaller than those for the individual 
services. 

Cross-price elasticities (table 5) are typically 
low. For these two groups, only one exceeds 


0.5 (absolute) and almost one-half are less than 
Q.1 (absolute). This result is consistent with those 
of the two other studies reporting cross-elastic- 
ities, Ehrenberg and Perkins, but contrast with 
those of Dunne, Pashardes, and Smith, for United 
Kingdom government expenditures. 
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Table 7. Morishima Elasticities of Substitution 





Municipal Class and 


Budget Category 





Budget Category GEN ROAD EHW REC CAES OTH 

Rural (combined) 
GEN 0.603 0.815 0.748 0.733 0.043 
ROAD 0.537 0.838 0.843 0.713 0.010 
EHW 0.264 0.412 1.253 0.998 0.015 
REC 0.294 0.621 1.143 0.991 —0.109 
CAES 0.350 0.307 1.097 1.170 0.019 
OTH 0.397 0.350 0.828 0.638 0.728 

Urban (combined) 
GEN 0.506 -0.215 0.368 0.276 0.172 
ROAD 1.028 —0.119 —0.056 0.167 0.087 
EHW 0.465 0.371 —0.184 0.444 0.012 
REC 0.903 0.306 —0.267 0.060 0.105 
CAES 0.754 0.353 0.035 —0.072 0.038 
OTH 0.733 0.353 —0.195 0.100 0.116 





Elasticities of Substitution 


The Allen partial elasticities of substitution are 
reported in table 6.° For the urban group of mu- 
nicipalities, general government expenditure and 
expenditures in the various other expenditure 
categories (except for education, health and 
welfare) are substitutes. An especially high de- 
gree oi substitution is observed with road main- 
tenance. The substitutability between general 
government and road maintenance also exists, 
although at a more modest level, in the rural 
group, and is the only notable interdependency 
between general government and the other five 
expenditure areas. For the rural group, the large 
positive elasticities (all over 4.0) indicate a high 
degree of substitutability among education, health 
and welfare, recreation and culture, and com- 
munity amenities and economic services.’ Within 
the urban group, outlays on education, health 
and welfare, and on community amenities 
and economic services are also substitutable 
(arzuw, cass = 1.62), but the other two relation- 
ships are complementary. Otherwise, the elas- 
ticities of substitution are generally low for the 
two municipal groups suggesting that strong 
substitution or complementary relationships do 
not exist between local public sector outputs. 
The Allen partial elasticity of substitution has 


6 Each matrix is symmetric about the diagonal, For both groups, 
one value of gå is greater than zero, indicating that convexity con- 
ditions are not satisfied at the point of estimation. Also, the mono- 
tonicity condition is not satisfied for these rural data. 

1 These elasticities are surprisingly large. Deacon and Perkins 
observed substitution effects between fire and police protection. 
Perkins also finds some interdependency between health and san- 
itation outlays and between parks and recreation and libraries; these 
results conform with those observed here. 


been criticized (e.g., Blackorby and Russell) as 
an imperfect measure of the elasticity of sub- 
stitution. The crux of the problem is that the Al- 
len elasticity, which is the ratio of the compen- 
sated CTOSS- price elasticity to the ĉost share 
(i.e., oj = 75 /s,), measures only how one com- 
modity adjusts to the change in another’s price. 
When there are more than two inputs, this does 
not allow for the adjustment of other commod- 
ities. Blackorby and Russell advocate the 
Morishima elasticity as more economically 
meaningful. The Morishima elasticity of substi- 
tution, which equals the difference between the 
compensated cross and own-price elasticities 
(i.e., o} = nh — ni), measures how the ratio of 
commodities adjusts to a change in the price of 
commodity j. (See Chambers, chap. 3 for fur- 
ther discussion and illustration.) In order that the 
reader may better understand substitutability 
among commodities and appreciate the differ- 
ence between the two measures, we report the 
Morishima elasticities for the rural and urban 
classifications in table 7. A complete set is 
available from the authors. 

Morishima elasticities are generally not sym- 
metric (1.e., the value depends upon which price 
changes) and Morishima substitutability /com- 
plementarity need not match Allen substituta- 
bility/complementarity. For the rural munici- 
palities, only one elasticity OREG ory) indicates 
complementarity, while ten did according to the 
Allen elasticities. In the case of oGzy, j general 
government now substitutes for all other budget 
categories, but the elasticities of substitution for 
EHW, REC, and CAES are now somewhat larger. 
When the price of general government changes, 
oi" ey, the relationship is somewhat stronger for 
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road maintenance (as before). With Morishima 
elasticities of 0.99 or larger, the substitutability 
among health, education and welfare, recreation 
and culture, and community amenities and eco- 
nomic services is less than reflected by the Al- 
len measure but is still pronounced. 

For the urban group, the extent of comple- 
mentarity is again reduced by the Morishima 
measure but, as before, is concentrated in the 
education, health and welfare, and the recrea- 
tion categories. Now, however, with the lack of 
symmetry, complementarity is concentrated only 
in the columns (i.e., o7 gyw and o% rec), Where 
all but one of the signs match those of the Allen 
elasticity. General government and road main- 
tenance continue to show greater degrees of 
substitutability with each other. Although the 
Morishima elasticities are smaller, the relation- 
ships among the education, health and welfare, 
the recreation and culture, and the community 
amenities and economic services categories are 
retained. Overall, while the Morishima elastic- 
ities tend to be smaller and indicate less com- 
plementarity than the Allen measures, important 
parallels remain in the two sets of results. 


Two Types of Rural Municipalities 


The rural group examined above is the combi- 
nation of a group of rural municipalities with 
limited urban populations (rural shires) and rural 
municipalities with more significant urban de- 
velopment. For the two subgroups, the expen- 
diture elasticities parallel each other except for 
the EHW and the CAES categories. In the case 
of education, health and welfare, the expendi- 
ture elasticity for rural shires, at about 0.5, is 
half that for the rural decentralized urban group; 
but for community amenities, at 1.4, it is about 
twice as large. The own-price elasticities are 
consistent for the two groups except that the value 
for the other expenditure category for the rural 
shires has a positive sign. The price interdepen- 
dence between community amenities and eco- 
nomic services and various other expenditure 
categories for the combined rural municipalities 
seems to stem from a strong relationship in the 
rural shires. There, eight of ten of those cross- 
price elasticities are likely significantly different 
from zero, and six of those eight have a value 
in excess of (absolute) 0.5. 

The Allen elasticities of substitution reveal 
some interesting differences. For all expenditure 
categories but road maintenance, the elasticities 
with general expenditures differ in sign between 
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the rural shires and the rural municipalities with 
larger urban populations, i.e., when they are 
substitutes in one class they are complements in 
the other. The substantial three-way substituta- 
bility found among the EHW, REC, and CAES 
categories in the combined rural group now sep- 
arates into two patterns. In the more urbanized 
rural municipalities, a high degree of substitut- 
ability still exists between education, health and 
welfare and recreation and culture and com- 
munity amenities; however, substitutability is not 
maintained between recreation and culture and 
community amenities. For the rural shires, the 
high elasticities of substitution between - com- 
munity amenities and education, health and wel- 
fare, and between community amenities and 
recreation and culture remain, but that between 
education, health and welfare and recreation and 
culture does not. Also, unlike in the aggregate 
rural case, road maintenance and the two per- 
sonal services categories (EHW and REC) ex- 
hibit a considerably greater degree of substitut- 
ability in these two classes. 

The model for the rural shires does not meet 
convexity conditions (ory. ory > 0), but the 
model for the more urbanized rural municipal- 
ities does satisfy convexity. Also, monotonicity 
is not satisfied for the rural shires. 


The Urban Municipal Groups 


Three types of urban municipalities were iden- 
tified in the five class categorization of the Vic- 
toria municipalities—central metropolitan cit- 
ies, small independent urban municipalities, and 
suburban municipalities. With the exception of 
road maintenance, the expenditure elasticities for 
the central metropolitan cities and the small in- 
dependent urban groups closely parallel each 
other.” The expenditure elasticities for the sub- 
urban group tend to differ from the other two— 
those for community amenities and (especially) 
for recreation and culture are higher while those 
for the other expenditure category, for educa- 
tion, health and welfare, and (to a lesser extent) 
for general government are lower. 

Only for the central metropolitan cities group 
are all own-price elasticities negative. Positive 
price elasticities occur in the suburban group for 
community amenities and in the small city group 
for the education, health, and welfare category 


® Recall that the homogeneity restriction, impling expenditure 
elasticities of 1.0, could not be rejected for the small independent 
urban group. 
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but are not believed to differ significantly from 
zero. Demands are generally price inelastic. In 
only two cases are values in excess of (absolute) 
1.0 recorded, and only seven of eighteen exceed 
(absolute) 0.5. However, these elasticities vary 
considerably across municipal groups. Other than 
those for road maintenance, unlike the results 
for the rural categories, few elasticities are likely 
to ditfer significantly from zero. 

The cross-price elasticities are generally low 
for these municipalities too. In only one case, 
between education, health and welfare, and rec- 
reation and culture in suburban municipalities, 
does the value reach one (Ncaes, rec = 1.002). 
Even when the values are relatively large, there 
is little consistency or pattern among the differ- 
ent municipal groups. 

For the three classes of urban municipalities, 
a high degree of substitutability or complemen- 
tarity (using the Allen measure) exists among 
expenditure categories, especially for the sub- 
urban and central metropolitan groups for which 
almost one-half the elasticities of substitution 
exceed absolute 1.0. However, except for the 
suburban group, few of these elasticities are likely 
to differ significantly from zero. The interde- 
pendence is particularly noticeable among gen- 
eral government and the other five budget areas. 
Only for general government and road mainte- 
nance and for general government and com- 
munity amenities is the substitute relationship 
consistent across all three municipal groups. 
These elasticities are also quite large over the 
three municipal groups for the education, health, 
and welfare group; but, again, the signs are not 
uniform. Interdependencies occur among edu- 
cation, health and welfare, recreation and cul- 
ture, and community amenities, but they are not 
consistent across municipalities. 

Convexity conditions are not satisfied for any 
of the urban municipal groups, but monotonicity 
is met for all three groups. 


Conclusions 


Very little is known about the demands for local 
public services in municipalities of different 
types, and particularly about those in rural mu- 
nicipalities. This is so although there are various 
reasons for expecting demands to differ, espe- 
cially between rural and urban jurisdictions. A 
system of translog equations was used to esti- 
mate the demands for six local public sector out- 
puts in the kinds of municipalities spanning the 
full range found in Victoria, Australia. It was 
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found that demands differ between urban and 
rural municipalities and, somewhat surpris- 
ingly, even among the five categories compris- 
ing these two groups, at least to the extent that 
municipal budget shares can be explained by the 
local costs of provision and total expenditure. 

The demand differences which exist are re- 
vealed in the elasticities and are usually most 
obvious between the rural and urban groups. For 
example, own-price elasticities tend to be more 
inelastic for urban municipalities and interde- 
pendencies between expenditure categories are 
stronger in the rural than in the urban (except 
for the suburban) groups. 

Demand elasticities are both intellectually in- 
teresting and policy relevant. They are helpful 
to those attempting to explain or predict munic- 
ipal expenditure changes. Price and expenditure 
elasticities are especially valuable to those pro- 
jecting the impacts of tax changes, grants de- 
signed to promote certain kinds of expenditures, 
or grants to equalize fiscal capacities. Measures 
recognizing interdependencies among budget 
categories, as reported here, are also useful in 
efforts to predict the full implications of fiscal 
reforms such as the “New Federalism” (Craig 
and Inmar), determine cost of public service in- 
dices (Deacon), or define more general mea- 
sures of fiscal capacity (Akin). 

The elasticities reported here are generally 
consistent with the (admittedly quite broad range 
of) elasticities reported in studies of local (and 
typically urban) government outputs. At the same 
time, the demands do vary among municipali- 
ties of different types. This result suggests that 
some of the observed variations in elasticities 
may result from differences in the type of mu- 
nicipalities, even among urban municipalities, 
studied. It also implies that greater attention 
should be paid to distinguishing the types of 
municipalities surveyed and that more analysis 
could be done: of public sector demands in the 
classes of municipalities now underrepresented 
in the literature. 


[Received August 1989; final revision received 
August 1990] 
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Distributional Effects of Household 


Linkages 


G. Andrew Bernat, Jr. and Thomas G. Johnson 


The study uses input-output models with disaggregated household sectors to demonstrate 
that important interhousehold linkages are ignored in standard input-output models of 
both rural and urban regions. The results indicate that higher-income households are not 
strongly linked to low-income households and that, given equal changes in exogenous 
income, low-income households will have much higher impacts on the local economy 
than high-income households. In addition, significant differences in household linkages 


were found between rural and urban regions. 


Key words: household income, linkages, regional input-output models. 


Knowledge of the linkages among economic 
sectors has long been employed in regional im- 
pact models, most notably in input-output (I-O) 
models. The level of sectoral disaggregation 
varies widely from model to model, with many 
models including considerable detail for at least 
some of the goods and service producing sec- 
tors. However, despite recent advances in mod- 
eling the household sector, most regional I-O 
models still treat the household sector as a sin- 
gle, aggregated sector. This treatment masks the 
complex linkages both among household groups 
within the household sector as well as between 
these household groups and other economic sec- 
tors. 

The purpose of this paper is to demonstrate 
the large differences in household linkages in 
small, rural regions. Large differences in link- 
ages according to household income indicate the 
need for models that can capture these differ- 
ences (Johnson and Capps; Martin and Henry; 
Stevens and Trainer; Park, Mohtadi, and Ku- 
bursi). The distribution of household linkages 
determines how a change in the income of one 
household group affects the distribution of in- 
come among all households. For example, tric- 
kle-down theory, in which spending by high-in- 
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come heuseholds leads to higher incomes for 
lower-income households, requires strong link- 
ages between high-income households and low- 
income households. Finally, differences in link- 
ages according to the level of development of 
an economy are important to consider as well. 
In order to analyze these issues, household link- 
ages in four regions, three rural and one urban, 
of Virginia are examined. 

The concept of household linkages is devel- 
oped in the next section. The models are then 
discussed and the results presented, followed by 
a summary and conclusion. 


Household Linkages 


Two economic sectors are directly linked if one 
sector purchases goods or services from the other. 
Total linkages consist of both direct linkages and 
indirect linkages generated by the intersectoral 
relationships in an economy. 

Households are linked to one another through 
income generation and induced spending. Two 
major characteristics of interhousehold linkages 
zre magnitude (or strength) and distribution. 
Magnitude is the income received by the second 
tousehold from an exogenous increase in the in- 
come of the first household. The total strength 
cf linkages for a household is the sum of all in- 
creases in household income resulting from the 
initial increase. 

The strength of linkage is greater for some 
households than others. This pattern of varying 
strength of household linkages reflects the dis- 
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tribution of linkages. In a uniform distribution, 
the strength of linkage from a particular house- 
hold is the same to each other household; thus, 
a change in the income of one household would 
result in an equal change in the income of all 
other households. In contrast, nonuniform link- 
ages would result in larger changes for some 
households than others. In an extreme form, 
trickle-down theory asserts that the linkages from 
upper- to lower-income households are stronger 
than the linkages from upper-income house- 
holds to other upper-income households. Clearly, 
the distribution of linkages among households 
indicates how a change in the income of a par- 
ticular household will affect the overall distri- 
bution of income. 

If the linkages among households are not uni- 
form, a change in the income of one household 
would have a different effect on the distribution 
of income than an equal change in the income 
of another household. Household linkages are 
not necessarily symmetric. Household X may be 
strongly linked to household Y, while household 
Y is weakly linked to household X. 

The strength of total linkages between any two 
household groups is a function of three types of 
linkage: (a) the linkage between households and 
producing sectors as embodied in the household 
consumption function (consumption linkages); 
(b) the linkages among the various producing 
sectors of the region (interindustry linkages); and 
(c) the linkage between producing sectors and 
households (value-added linkages). The depen- 
dence of indirect household linkages on these 
three basic linkages implies that we should ob- 
serve certain patterns in the strength and distri- 
bution of household linkages from region to re- 
gion, as explained below. 

First, the marginal propensity to consume 
(MPC) is usually considered to be a declining 
function of household income. Thus, a given 
marginal change in household income will result 
in a smaller total change in expenditures for high- 
income households than for low-income house- 
holds. In a regional context, particularly for ru- 
ral regions, the decline in MPC with income will 
be magnified if the regional share of the house- 
hold expenditure bundle also declines as house- 
hold income increases. 

Second, if high-income households spend rel- 
atively more on services than do lower income 
households, and if the production of services is 
low-wage-intensive, high-income households 
would have stronger linkages to low-income 
households than would low-or middle-income 
households. A recent study of household link- 
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ages in West Virginia (Rose and Beaumont 1988) 
showed no support for trickle-down theory. Be- 
cause of the similarities between West Virginia 
and the regions studied here, we also anticipate 
weaker linkages from upper-income households 
to lower-income households than from upper in- 
come households to other households. 

Third, household linkages will be relatively 
weak in economies with weak interindustry 
linkages. With few interindustry linkages, a rel- 
atively small proportion of any change in the 
output of one sector will be transmitted to other 
local sectors. Thus, even if consumption link- 
ages are relatively strong, a large portion of any 
increase in household expenditures will flow out 
of the region as demand for intermediate goods 
and services. Because rural regions have rela- 
tively weak interindustry linkages compared to 
urban regions of similar size, stronger house- 
hold linkages are expected in more urban versus 
rural regions. 

Finally, the dependence of household link- 
ages on both value-added linkages and interin- 
dustry linkages means that linkages are distrib- 
uted more uniformly, the stronger are 
interindustry linkages. If interindustry linkages 
are relatively weak, the distribution of house- 
hold linkages for a given household group will 
be dominated by the distribution of value-added 
of the producing sectors to which the house- 
holds have strong consumption linkages. If dif- 
ferences in value-added linkages across sectors 
are large, and if households have different pat- 
terns of consumption linkages, the distribution 
of household linkages will differ markedly across 
household groups. On the other hand, in an 
economy with strong interindustry linkages, a 
few sectors will no longer account for most of 
the value-added generated. As intersectoral 
linkages increase, the distributional impacts of 
each household group will converge to an over- 
all weighted average of the value-added link- 
ages of all sectors in the region.’ If more de- 
veloped, urban economies do have stronger and 
more extensive interindustry linkages than less 
developed, rural economies, household linkages 
will be more uniform in more urban economies 
than in rural economies. 

To summarize, the expected pattern of house- 
hold linkages within and among regions is ex- 
pressed by four hypotheses.” First, total house- 


! This is similar to Weisskopf and Wolff’s concept of the con- 
vergence of inequality impacts. 

? These hypotheses indicate the anticipated results of this study. 
However, they cannot be tested statistically because of the type of 
input-output models employed in the study. 
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hold linkages decrease with household income. 
Second, the distribution of household linkages 
differs among household groups. Specifically, 
the linkages of upper-income households are 
skewed toward middle- and upper-income 
households. Third and fourth, household link- 
ages in rural economies are relatively weak and 
less equally distributed than the linkages in ur- 
ban regions. 


Modeling Household Linkages 


Measurement and comparison of household 
linkages requires explicit modeling of the ex- 
penditure patterns and income flows of different 
household groups. The standard input-output 
model is inadequate because it treats all house- 
holds identically. Therefore, the household sec- 
tor of the standard Type II regional input-output 
model must be expanded. Following Miyazawa 
(see also Johnson and Capps; Martin and Henry; 
Rose and Beaumont 1989, 1988; Rose, Stevens, 
and Davis; Schultz; Weisskoff; Weisskoff and 
Wolff}, such a model can be’represented by 


» E-E ee 


where x is the vector of output levels of the n 
producing sectors in the region, A is the stan- 
dard n X n matrix of technical coefficients, and 
fis the vector of final demand (excluding house- 
hold demand) for the n producing sectors. This 
mode] departs from the standard I-O models by 
grouping the household sector into k income 
groups. Total household income, y, and exog- 
enous households income, g, are represented by 
k X 1 vectors rather than scalars. The. con- 
sumption coefficients are represented by the n 
xX k matrix C and the household value-added 
(income) coefficients are represented by the k x 
n matrix V.’ 

Solving (1) for x and y gives the matrix of 
multipliers: 


o Eels TH 


Again following Miyazawa, (2) can be ex- 
pressed in partitioned form: 


» [x] [Ba + crve) Bex || s 


3 This formulation assumes no direct transfers between house- 
holds. To model such transfers, the lower right-hand diagonal sub- 
matrix would be nonzero. 
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where B = (J — A) ` and K = 7 — VBC)". . 
Matrix B is the multiplier matrix of a Type I 
input-output model and indicates the change in 
the output of each producing sector required for 
a unit change in final demand of each producing 
sector, excluding the demand generated by 
households. The expression .in the upper left 
portion of the multiplier matrix indicates the to- 
tal change in sectoral output resulting from a 
change in final demand, including the induced 
effects of households. The elements. of BCK, the 
upper right-hand portion, indicate the change in 
regional output that is attributable to an exog- 
enous change in the income of each of the k 
househoid groups. The elements of KVB mea- 
sure the change in the income of each of the k 
household groups due to a change in final de- 
mand (vector f) of each good and service pro- 
ducing sector. 

Finally, the k X k matrix K indicates the di- 
rect plus indirect changes in income for each 
household group that would result from an ex- 
Ogenous change in income for each household 
group. The matrix K thus measures the multi- 
plier effects (or linkages) within the household 
sector and is therefore the focus of our study. 
Each column of the matrix K shows the multi- 
pliers for a different household group. The first 
row shows the effects on the lowest income 
group, while the last row shows the effects on 
the highest income group. 

The size and pattern of the elements of K in- 
dicate the linkage among households. Differ- 
ences in the elements in any column j of the 
matrix K indicate a nonuniform distribution of 
linkages from households in group j to other 
households. For example, larger elements for 
low-income rows than for middle- or upper-in- 
come rows in the high-income columns of the 
matrix K would be consistent with trickle-down 
theory. 

If the columns are not identical, linkages dif- 
fer across household groups. Varying strengths 
cf linkage across household groups are indicated 
iz the elements in any row differ across col- 
umns. If the column totals differ, then the strength 
of total linkages differs by income. The sum of 
these totals is the analog of the household in- 
come multiplier of the standard Type IJ input- 


output model (Miyazawa). ' 


Model Implementation 


The study regions were chosen to compare dif- 
ferent types of rural regions and to compare ru- 
ral and urban regions. In particular, the regions 
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were chosen to represent a wide spectrum of in- 
dustrial compositions and of income distribu- 
tions. These considerations led to the selection 
of four regions in Virginia. 


Regions 1, 2, and 4 are rural whereas region 


3 is highly urban. The coal industry is the dom- 
inant industry in region 2, while regions 1 and 
4 are -primarily agricultural. Differences in either 
the strength or distribution of household link- 
ages that result from differences in sectoral 
. composition should be apparent because of the 
differences in economic structure represented by 
these regions. -In addition, the hypothesis that 
the distribution of household linkages is a func- 
tion of the degree of interindustry linkage, and 
thus regional development, can be examined by 
comparing regions 2 (the least developed re- 
gion) and 3 (the most developed region). The 
distribution of income in region 4 is one of the 
most unequal in Virginia, whereas region 3 has 
one of the most equal distributions. Inequality 
in regions | and 2 is near the statewide average. 
These regions therefore permit examination of 
the relationship between inequality and the pat- 
tern of household linkages. 

Each of the four models required the con- 
struction of matrices A, C, and V.* The tech- 
nical coefficients matrices, A, were constructed 
from a seventy-two-sector 1977 U.S. I-O model 
using the regional purchase coefficient method 
-proposed by Stevens et al., of the Regional Sci- 
ence Research Institute (RSRI). The matrices of 
consumption coefficients, C, were based upon 
the Consumer Expenditure Surveys (U.S. De- 
partment of Agriculture, Bureau of Labor Sta- 
tistics 1977a, b). The expenditure data for each 
of 12 household groups were converted from the 
147 major commodity groups to the I-O sectors 
using a bridge matrix that was part of an input- 
output model of Virginia constructed by RSRI. 


The V matrix.is based upon the Public Use Mi- 


crodata (PUMS) tape from the 1980 Census of 
Population and Housing, a matrix of employ- 
ment coefficients from the 1977 RSRI input- 
output model of Virginia, and Virginia Employ- 


~ ment Commission data. 


Analysis and. Results 


The most important characteristic of the K ma- 
trices to examine is whether the strength of 
household linkages differs across income groups. 


* Further detail on both data sources and model construction is 
available on request and in Bernat (1985). Also see Bernat (1989) 
for an application of the model to income transfers. 
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Total household linkage for each household group 
is the column sum of the household multiplier 
matrix K. In all four regions, these totals are 
much lower for the higher-income groups than 
for the lower-income groups (table 1). 

The differences in total household linkage 
presented in table 1 imply that aggregation of 
households into a single sector likely will intro- 
duce serious errors in the resulting multipliers, 
particularly when the impacts of exogenous 
changes in household income are considered. 
These results support the hypothesis that lower- 
income households are more strongly linked to 
the regional economy than are higher-income 
households.” 

To facilitate comparisons of the distribution 
of household linkages, each of the four K ma- 
trices can be considered as a multiplier surface. 
The row and column axes represent household 
income groups, while the size of the elements 
of K represent the height of the surface. Each 
of the K matrices for the four regions exhibit 
certain regularities that can be quantified by es- 
timating the following polynomial: 


(4) ky=bo t+ bit bij + bi + bf 
+ bsij + bei? + bP. 


The dependent variable, the ijth element of K, 
is the change in income of the ith household group 
resulting from a dollar’s change in the income 
of the jth household group. The row index of K 
is represented by i and the column index by j. 
The identity matrix was subtracted from each K 
matrix to allow examination of indirect effects 
alone. The diagonal elements of each multiplier 
matrix are composed of two parts. One part, 
called the direct effect, represents the tautology 
that an increase in the income of a household 
by a dollar raises the income of that household 
by a dollar. With no intersectoral or household 
linkages, the diagonal elements of these matri- 
ces would be unity. Because the immediate ef- 
fect does not represent a linkage in any mean- 
ingful sense, it is removed by subtracting 1.0 
from each element on the diagonal. The re- 
maining portion of the diagonal elements mea- 
sures the linkage of each household to itself. The 
results of estimating these equations using OLS 
are presented in table 2. 

Equation (4) makes it possible to construct the 
multiplier surfaces and to clearly see how the 
distribution of the k;’s varies across rows, down 


* This result clearly is a short-term result and ignores any long- 
run savings-investment linkages between households and the rest 
of the region. 
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Table 1. Total Linkages by Household Group 
Income 
Group ($1,000) Region 1 Regior. 2 Region 3 Region 4 
1 <6 183.7 138.0 203.0 189.5 
2 6-9 126.9 95.7 144.6 132.4 
3 9—11 110.5 81.5 126.5 116.1 
4 11~13 105.5 78.8 123.0 110.5 
5 13~15 108.0 78.€ 124.8 113.1 
6 15-17 100.8 73.1 116.7 105.0 
7 17-21 92.9 66.9 110.1 97.9 
8 21-25 89.4 63.3 104.9 93.9 
9 25—32 82.7 58.4 99.4 97.6 
10 32—42 77.8 53.6 93.9 82.4 
li Å2—-53 > 71.5 47.9 86.7 75.7 
12 >53 49.8 33.0 60.6 52.0 
Table 2. Household Multiplier Surface Equations 
Region 
Variable Coefficient l 2 3 4 Combined 
Intercept. bo 15.07*** 11,12** 23,22** 18.14** 16.89** 
i b, —3,37** —2.88** —~14,02** —3.66** ~5,98=* 
bı —~4_04** —2.91*= —3.79 —4,17** —3.73** 
i? b, 116** 0.90** 3,.32** 0.99%** 1. 59** 
P bg ~—0.59#* 0.44** 0.64 0.61** 0.52** 
ij bs —0.033* —0.044** —0.1* —0,029** ~0.555** 
i? be —~0.074** —0.054** —0.18* —0.058** —0.092** 
j’ b, —0.028** —0.020* * —0.031 —0.029** ~Q,027** 
R? 0.80 0.80 0.52 0.61 0.46 


* Single asterisk indicates significant at the 10% level; double asterisk indicates significant at the 1% level. 


columns, and between regions. For example, the 
hypothesis that the distribution of linkages across 
households differs by income would be sup- 
ported if the coefficients on the terms which in- 
clude the column index (the j’s) are significantly 
different from zero. A uniform distribution of 
linkages among households would be indicated 
by insignificant coefficients on the terms which 
include the row index. Finally, a hill- or trough- 
shaped pattern is possible when the coefficients 
on either the row or column indices are of dif- 
ferent signs. A positive b, and negative b, and 
b; would indicate that the elements of the col- 
umns of K rise and then decline as household 
income increases, depending on the relative 
magnitudes of the coefficients. 

The results of estimating equation (4) for each 
region indicate that the K matrix for each region 
sxhibits a strong hill-shaped pattern down the 
columns. The coefficients on i and i° are neg- 
ative, while the coefficients on i* are positive, 
indicating that the elements of each column of 
K first increase and then decrease as one moves 


trom low-income rows to higher-income rows. 
Thus, household linkages were strongest to the 
middle- and upper-middle income groups for all 
households. Not only is there little evidence of 
strong trickle-down effects, but the hill-shaped 
pattern for every income group in each region 
indicates that an increase in household income 
cf any household group would have a larger im- 
pact on middle- and upper-middle households 
than on either upper- or lower-income house- 
holds. 

A second feature of the K matrices is that the 
elements of each row decline as one moves from 
low-income columns to high-income columns. 
In other words, the strength of linkages to each 
household group declines with income. The 
positive coefficient on j* for some regions in- 
dicates an increase in multipliers at intermediate 
income levels, with declining multipliers at the 
highest income levels. These results are consis- 
tent with the hypothesis that high-income house- 
holds are not strongly linked to low-income 
households. 


Bernat and Johnson 


As an aid in visualizing the patterns implied 
by the above equations, the multiplier surface 
for the combined regions is presented in figure 
1. The vertical axis gives the value of the ¿jth 
element of matrix K. On the j axis is plotted the 
income group index of the spending households 
(columns of K) and on the i axis is the group 
index of the receiving households (rows of K). 
The rear left-hand corner of the diagram (the or- 
igin in three-dimensional space) represents both 
the row and column for the lowest household 
group. The height of the surface above any line 
parallel to axis j gives the size of the multipliers 
from households in group j to households in 
group i. 

Support for the hypothesis of little or no tric- 
kle-down effect is indicated by the hill shape of 
the surface along the i axis in figure 1, a pattern 
shared by all regions. For each household group, 
linkages are weakest to the household groups 2, 
3, and 4. As household income increases (the 
row index increases, represented by moving from 
left to right in figure 1), linkages strengthen, 


Figure 1. 
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peaking with household groups 8—10, and de- 
clining steeply for the highest two income groups. 
Thus, the strongest linkages for all households, 
and in all four regions, are with middle- and up- 
per-middle-income-level households. 

This finding is consistent with the Rose and 
Beaumont’s results for West Virginia. Their re- 
sults indicate that the strongest linkages for each 
household group are with households in the 
$25,000 to $35,000 and $35,000 to $50,000 in- 
come classes. We found the strongest links with 
households in the three classes between $21,000 
and $42,000. 

The results also support the hypothesis that 
the strength of household linkages is positively 
related to the level of economic development. 
For each household group, the highest total 
multipliers were for region 3, the most devel- 
oped, urban region (table 1). Region 2 had the 
weakest household linkages; this region is dom- 
inated by coal mining and in many respects is 
the most rural and least developed of the four 
study regions. Linkages for low income house- 





Multiplier surface for combined regions 
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holds in the coal region were 68% as strong as 
for region 3 and almost half for the highest in- 
come households. Total linkages in the two ag- 
riculture-based regions were similar to each other, 
ranging from about 92% of the region 3 linkages 
for low-income households to about 83% for 
high-income households. 

In order to examine the hypothesis that house- 
hold linkages are more uniform in more devel- 
oped, urban regions, dummy variables for the 
urban region were added to the equation for the 
combined regions (d1, an intercept dummy; d2, 
d3, and d4 are dummy interaction variables on 
i, i’, and if, and d5, d6, and d7 are dummy 
interaction variables on j, j*, and j*).° The re- 
sults in table 3 show that the intercept dummy 
and the three dummy interaction variables on 
terms containing the row index i are signifi- 
cantly different from zero; in contrast, the dummy 
interaction variables on the terms containing the 
column index are not significantly different from 
zero. The significance of these dummies indi- 
cate that the shapes of the urban and rural mul- 
tiplier surfaces are significantly different. 

These results also indicate that the absolute 
values of the coefficients on i, i?, and i? are closer 
to zero for the rural regions than for the urban 


Table 3. Household Multiplier Surface 
Equation Comparing Rural and Urban Re- 
gions 


Estimated 
Variable Coefficient Parameter 
Intercept ba 13.96** 
i bi =3.18%* 
j b, ae e ia 
i b, 1.01** 
F b, 0,55** 
ij b; —0.05** 
i’ bs —0.06** 
F b —0.03** 
Dummy variables on: 
Constant a, 11.70** 
i dy =141.22** 
ir? d; 2.30** 
P ds =0, 127° 
j d; —0.59 
ï d; 0.09 
F d; 0.05 
R? 0.57 


"Asterisk indicates significant at the 10% level; double asterisk in- 
dicates significant at the 1% level. 


É The same equation was also run with dummies for each of the 
rural regions. These region-specific variables were not significantly 
different from each other. The more detailed equation results are 
not presented. 
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region. Thus, the urban surface has a steeper, 
more pronounced hill-shape surface, indicating 
that the differences in strength of linkage be- 
tween middle-income households and other 
households are larger in the urban region than 
in the rural regions. 


Summary and Conclusions 


The results of this study demonstrate important 
interhousehold linkages that are ignored in stan- 
dard regional input-output models. While these 
differences in household linkages are important 
when changes in exogenous household income 
are investigated, they will also affect the accu- 
racy of sectoral multipliers. The results further 
indicate that higher-income households are not 
strongly linked to low-income households, at least 
in the four study regions. In addition, given equal 
changes in exogenous income, low-income 
households will have much higher impacts on 
the local economy than high-income house- 
holds. 

The results also indicate that more complex 
economies can be characterized as having much 
stronger linkages between households. The re- 
sults indicate significant rural-urban differences 
in the level and shape of the multiplier surfaces 
but lend little support for the hypothesis that 
household linkages are more uniform in more 
developed economies than in the less devel- 
oped, rural economies. 

The disaggregation, by income, of the house- 
hold sector in this study represents an important 
improvement over standard regional input-out- 
put models. While not a new technique, it has 
only recently been employed at the state level 
(Martin and Henry, Rose and Beaumont). Our 
study extends this work by demonstrating the 
feasibility of such a model for small, substate 
regions. 


[Received January 1990; final revision 
received June 1990.] 
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Economic Impacts, Value Added, 
and Benefits in Regional Project 


Analysis 


Joel R. Hamilton, Norman K. Whittlesey, M. Henry Robison, 


and John Ellis 


This paper addresses five issues encountered when estimating secondary benefits in 
regional project analysis: (a) the correction for opportunity cost of factors used, (b) the 
treatment of mobile factors, (c) the effect of economies of size, (d) the role of forward 
linkages, and (e) the role of spatial structure of economic regions. The first four are 
reasons that only a small part, if any, of regional impacts can be treated as regional net 
benefits. The fifth is a reason that, when secondary benefits or damages do exist, their 
correct estimation can depend on the spatial structure of the affected areas. 


Key words: economic impacts, net benefits, regional project analysis. 


Economists are often asked to assess the bene- 
fits or damages from a past or future event on 
the economy of some region. Examples include 
assessment of regional economic consequences 
of alternative timber harvest levels, entry or exit 
of a manufacturing plant, or the construction or 
demise of an irrigation project. Analysts have 
increasingly turned to the tools of regional anal- 
ysis, especially regional input-output (I-O) 
models, to estimate these benefits or damages. 
Regional I-O models are constructed to estimate 
linkages among sectors of the economy of a tar- 
get region. In this way, an event affecting one 
sector can be traced through the regional econ- 
omy, and the change in value added, income 
earned by primary factors of production, can be 
estimated. This approach allows estimation of 
both direct impacts caused by the initial change 
in the affected sector and secondary impacts 


Joel R. Hamilton and M. Henry Robison are a professor and an 
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nomics, University of Idaho. Norman K. Whittlesey and John Ellis 
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culture.” 

The authors acknowledge helpful comments on earlier versions 
of this paper from Walter Butcher, Rodney Jensen, Charles Howe, 
Robert Yaung, Stephen Cooke, Roger Mann, David Walker, and 
the anonymous Journal reviewers. 


which result as the direct spending works its way 
through the economy. 

Direct income impacts of a project are the 
factor payments: the wages, rents, and profits 
earned by input factors used directly by the proj- 
ect. Secondary impacts result when the directly 
affected sector buys inputs from other sectors 
(backward linkages) or produces outputs that 
become inputs for expansion of other regional 
industries (forward linkages). A new irrigation 
project will cause agriculture to buy more from 
backward linked fertilizer, machinery, and in- 
surance sectors, and may allow expansion of 
forward-linked livestock and food-processing 
sectors. The directly affected sector, along with 
backward and forward linked sectors generate 
value added consisting of income earned by the 
input factors. Thus, the available tools, includ- 
ing I-O models, allow us to estimate the impacts 
of the project or event on regional economic ac- 
tivity. The impact analysis is the easy part; the 
step that causes problems is translating these 
impacts into estimates of benefits or costs. 

This paper addresses several methodological 
issues which arise and errors that are committed 
when estimates of regional economic impact are 
used to derive estimates of regional primary and 
secondary project benefits. Most of the issues 
noted in this paper apply whether the impact es- 
timates are based on I-O models, economic base 
enalyses, econometric models, or the cost ac- 
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counting commonly used in benefit-cost analy- 
sis. Some of these issues are noted in the re- 
gional analysis literature (Stabler, Van Kooten, 
and Meyer; Hamilton and Gardner), but we have 
found no comprehensive discussion of the is- 
sues. In fact, many of the more serious misap- 
plications of these tools are not in the main- 
stream professional literature but in the myriad 
of environmental impact statements, forest tim- 
ber plans, community development analyses, and 
other applied impact studies. These studies often 
represent the attempts of regional planners, 
semiprofessional economists, or project pro- 
moters to apply tools and concepts learned or 
mislearned from professional economists.’ This 
paper addresses five related methodological is- 
sues. 

First, it usually is a methodological error to 
use project impact on value added as the mea- 
sure of project regional benefits or costs. Changes 
in value added estimated with an I-O model 
consist of changes in income accruing to re- 
gional primary inputs, which are at least partly 
offset by the opportunity cost of diverting these 
resources from alternative employment else- 
where in the regional economy. What portion of 
regional income impact represents actual re- 
gional net benefit or net damage from the event? 

Second, because all factor income is paid to 
people, who may or may not move in response 
to the event being studied, there is an ambiguity 
regarding what income and whose income should 
be counted when computing primary and sec- 
ondary regional project benefits. 

Third, as the level of economic activity changes 
in the affected industries of a region, they shift 
to different points on their average cost curves. 
How frequently do the affected industries ex- 
hibit economies or diseconomies of size suffi- 
cient to result in significant regional benefits or 
damages? 


Fourth, because a regional I-O model traces 


each sector’s purchases from other sectors of the 
regional economy, it captures only the portion 
of secondary impacts caused by backward link- 
ages from the event being studied. Under what 
conditions are forward secondary linkages also 
important and how can they be estimated? 


' Just and Hueth; Just, Hueth, and Schmitz; and Cooke have ad- 
dressed the measurement of weifare change in a series of forward 
and backward linked industries impacted by some event. While their 
theoretical development contributes to understanding the issues pre- 
sented in this paper, it is not clear that their approach is generally 
empirically implementable for cases such as those discussed in this 
paper, nor is it likely to soon replace the I-O-based approaches. 
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Fifth, I-O models are usually based on polit- 
ical boundaries such as counties or states, while 
the functional economic areas within which im- 
pacts occur often cross political boundaries. What 
are the implications of this divergence for cor- 
rect estimation of regional project benefits? 


Opportunity Cost of Factors Used 


It takes production inputs to support the eco- 
nomic activity associated with a project or event, 
including any backward and forward linked sec- 
ondary activity. These production inputs have 
an opportunity cost. Using the division that is 
both convenient and common in the literature, 
this section will address only the direct income 
impacts and those caused by backward link- 
ages; a later section will address forward link- 
ages. 

Benefit cost analysis commonly assumes full 
employment of most primary factors of produc- 
tion, perfect resource mobility, and absence of 
scale economies (Howe and Easter, p. 26; Mar- 
golis). If these assumptions apply to all factors, 
then, even though the value added impact might 
be large, benefits would be zero because all fac- 
tors employed with the project could have re- 
ceived essentially the same returns in alternative 
employment without the project. In other words, 
the income impact resulting from project-related 
activity is exactly offset by the opportunity cost 
of the resources used. 

Most applications of project analysis do make 
specific departures from these assumptions of 
full employment and complete mobility. Often 
one input, such as the water used by an irriga- 
tion project, is considered underutilized and im- 
mobile. Thus the opportunity cost of this re- 
source is low. In this case, when the project’s 
direct impacts on value added are translated into 
direct benefits by subtracting the opportunity cost 
of the inputs used, the direct net benefits consist 
of the residual increase in returns earned by the 
previously underutilized resource. Thus, the re- 
sidual returns to water, after subtracting the cost 


of all other project inputs, is often taken as an 


? While not the usual case, some projects do cause inputs to be 
used or combined in new ways. Such technological change can en- 
hance the productivity of resources above their opportunity costs 
outside the project. However, productivity enhancement benefits 
should be attributed to a project for only the short run. In the long 
run, the normal course of technology adoption should establish the 
enhanced productivity levels as the new regional norm. 
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estimate of the direct benefits of a water proj- 
ect.” 

The assumptions of full employment and 
complete mobility can often be applied plausi- 
bly to all inputs used in generating secondary 
project impacts. Thus, regardless of the size of 
the estimated change in value added from sec- 
ondary impacts, it may be exactly offset by op- 
portunity costs of the inputs used, leaving net 
secondary project benefits of zero. This posture 
is especially plausible from a national account- 
ing perspective and is codified in the “Principles 
and Guidelines” for water resource projects (U.S. 
Water Resources Council), which directs that 
project secondary impacts must not be included 
in “National Economic Development” benefits. 

Using the rule that net benefits equal impacts 
less opportunity costs, additional primary or 
secondary regional net project benefits may re- 
sult if factor prices and factor opportunity costs 
diverge such that unemployed or underem- 
ployed resources persist in the region because 
of barriers to resource mobility. Little empirical 
work has addressed the level and nature of re- 
source unemployment needed to justify includ- 
ing such benefits in regional project analysis. 
The few studies which have addressed the issue 
have relied more on assumption than on analysis 
of real data. The most prominent is the work by 
Haveman and Krutilla, who studied the labor and 
capital inputs required for water resource con- 
struction projects. They concluded that the na- 
tional opportunity cost of resources used di- 
rectly and indirectly by such projects ranged from 
69% to 94% of market value, depending on the 
type and location of the project. This conclusion 
implies that between 6% and 31% of the income 
generated by these projects could be counted as 
net benefits.* 


7 Large projects may result in some input and output price im- 
pacts, but Young and Haveman stress that these impacts should not 
be confused with benefits: “Pecuniary impacts (usually called ‘sec- 
ondary’ or ‘indirect’ economic effects) are those reflected in changes 
in incomes or prices caused by shifts in supply or demand. Pecu- 
niary externalities are likely to represent income distribution rather 
than allocative effects, and their inclusion would amount to double 
counting” (p. 190). 

A related argument is that projects which produce consumer goods 
confer benefits of increased consumer surplus. Such benefits can 
occur in regional project analysis only if the additional production 
lowers local prices and a large portion of the product is consumed 
locally. Of course, the loss of producers surplus (value added from 
the depressed local prices can equal or exceed the consumer ben- 
efits which accrue to regional consumers, Such price change effects 
are difficult to address within the fixed price context of I-O mod- 
eling. 

* In the context of benefit-cost accounting, project gross benefits 
are unaffected by whether some of the factors used were otherwise 
underemployed or unemployed. However, the difference between 
the factor prices and their opportunity cost is a “credit” offsetting 
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In his ex post study of the Colorado-Big 
Thompson water project, Howe (1987) assumed 
that 20% of capital earnings and 23% of wages 
and salaries represent net benefits. Hamilton and 
Gardner assumed that 10% to 20% of secondary 
value added by new irrigated agriculture in 
southern Idaho could be counted as net second- 
ary benefits. In neither case were these assump- 
tions based on empirical analysis. 

Howe and Easter argue that if a region is highly 
dependent on a vulnerable industry and re- 
sources are immobile, then a much larger part 
of the value added resulting from a “rescue” of 
that industry can be counted as net benefit. 
However, Howe’s “rescue” conditions will 
rarely, if ever, be met in practice. Even in Howe’s 
negative impact scenario most of the released 
resources, except for some undepreciated im- 
mobile fixed assets, will eventually find other 
employment. The lifetime of most projects will 
be long enough to allow resources to move to 
their best use and to negate cyclical unemploy- 
ment as an argument for secondary benefits. Even 
when short-run employment benefits exist, they 
can rarely be justified over the entire project life. 

Most cases justify conclusions such as those 
reached in a chapter written by Hanke and Walker 
in the book by Haveman and Margolis: “Since 
there is no evidence that the conditions put for- 
ward by Margolis exist in the prosperous Mid- 
State area, secondary benefits have been elim- 
inated from the analysis because they represent 
pecuniary transfers and not real effects” (Hanke 
and Walker, p. 343). Stabler, Van Kooten, and 
Meyer say: “Disregarding the possibility of de- 
clining long-run average cost curves in linked 
activities within the region, the general case for 
calculating secondary benefits on the basis of 
2zmployable and immobile resources in Western 
North America is weak” (p. 20). 

The burden of proof is on those who claim 
that a project uses labor or capital which would 
be unemployed without the project, therefore 
justifying the existence of secondary regional 
project net benefits, or the inclusion of addi- 
tional value-added components in primary re- 
gional net benefits. Under most circumstances, 
the convergence between input prices and their 
cpportunity costs restricts project direct regional 
ret benefits to the residual returns to some par- 
t.cular underutilized target resource, such as the 


some of the factor payments charged in the project cost account. 
Taus employment generation should not be counted a project ben- 
efit, but access to otherwise underutilized resources can reduce project 
cost, contributing to project net benefits. 
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water used by an irrigation project. Similarly, 
only a small portion (if any) of secondary in- 
come can be counted as secondary regional net 
benefits. 


Treatment of Mobile Resources 


Changes in direct and secondary regional eco- 
nomic activity of the kind discussed above usu- 
ally result in some interregional movement of 
labor and capital. All factor income, whether 
earned by labor, capital or land, is paid to peo- 
ple. However, the people who receive that fac- 
tor income do not always move in the same pat- 
tern as the labor and capital resources themselves. 
This results in a problem in deciding whose in- 
come counts when regional project benefits or 
costs are computed. This problem relates to the 
issue of accounting stance discussed in Stabler, 
Van Kooten, and Meyer. 

The two polar possibilities are to count all or 
to count none of the income earned by immi- 
grant resources. By definition regional income 
is the sum of the incomes of all residents of a 
region. Thus, the “all” posture would compare 
the sum of incomes accruing to everyone who 
would have lived in the region without the proj- 
ect and sum of incomes of everyone who will 
be living in the region with the project—-with 
the difference proposed as an estimate of re- 
gional project benefits. While this approach oc- 
curs frequently in the project analysis literature, 
we question its validity. 

The “none” alternative of not counting any of 
the income received by immigrants was advo- 
cated by Howe: 


The water manager . . . should act in the interests 
of the existing population of his area unless he re- 
ceives policy direction from his constituency to the 
contrary. This point of view is the same as that taken 
by corporate financial managers in deciding the mer- 
its of new investments or stock issues, and is ex- 
pressed in the question, ‘Will the action dilute or 
enhance the equity of existing stockholders?’ If this 
stockholder equity view were taken by city manage- 
ments in general, continued urban growth might be 
seen in a different light. (page 12) 


Similar positions were stated by Hamilton and 
Gardner: 


Insofar as regional project evaluation is concerned, 
it is the differences in value added generated by re- 
sources that would be in the region in the absence 
of the project which are relevant. It is debatable 
whether wages and salaries going to imported labor 
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and returns to capital provided from outside the re- 
gion (while a part of gross regional product), are valid 
regional benefits to those people who would have 
been residents of the region without the develop- 
ment. (page 8) 


And, again, we see agreement in this statement 
by Keith and Glover: 


There is considerable controversy concerning the 
payments to imported labor as a regional benefit. If 
workers are transient, then long-term changes in 
payments to labor are not likely to result in large 
gains to the local economy. As long as it is a per- 
manent change, imported labor represents an in- 
crease in resident population and household income. 
However, these benefits do not necessarily accrue to 
the population which was resident in the region prior 
to the project development, even though a substan- 
~ tial part of increasing service costs (such as schools, 
roads, etc.) and/or other costs (housing, food, etc.) 
may be borne by current residents. Thus there is a 
choice between estimating benefits to existing or to 
projected populations. If regional population growth 
is desirable, or is a direct goal of a project, then 
perhaps benefit estimates should include net income 
to permanent immigrants in the benefit calculations. 
However, any increasing costs of consumer goods 
or public services should be netted from the calcu- 
lated benefits. It is highly doubtful that payments to 
imported capital will be paid to residents of the local 
community. In order to be as conservative as pos- 
sible, to avoid counting benefits which may be fu- 
gitive (i.e., may not remain in the region), and to 
minimize the problems of calculating increases in, 
and distribution of, increasing social costs, if is rec- 
ommended that only benefits accruing to current 
residents of the region be calculated. (page 22) 


Consider an example. Assume that the impact 
of a new project causes someone from another 
community to take a new job in your commu- 
nity. Further, assume that the migrant’s pre- 
vious employment income was $30,000 per year 
and that person now earns $40,000 in the new 
job. Note that the aggregate accounting region 
consisting of both donor and recipient commu- 
nities together has clearly experienced a $10,000 
benefit; and $40,000 income increase in one 
community offset by a $30,000 opportunity cost 
in the other. However, from this aggregate ac- 
counting stance incorporating both the mover’s 
origin and destination, no net resource migra- 
tion has occurred. 

The problem arises in measuring the benefit 
of this move to your community. Certainly the 
new individual’s local spending for consump- 
tion or investment will stimulate local busi- 
nesses, and some of this induced income may 
find its way to the residents of the community. 
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Other than this induced effect from respending, 
however, neither you nor other original mem- 
bers of your community benefit from the $40,000 
income per se. Similarly, the remaining resi- 
dents of the community that lost $30,000 em- 
ployee may suffer some income loss because 
respending of this income has stopped, but they 
do not feel the loss of the $30,000 per se. It is 
the migrant alone who is the direct beneficiary 
of the $10,000 increase in factor payments. 

Whose welfare should be included within the 
accounting stance used to determine the well- 
being of the region? To what extent does well- 
being of neighbors, especially new neighbors, 
enter into an individual’s welfare function? For 
such questions economic theory can give little 
guidance. One plausible approach for a recipient 
community inclined to value growth is to count 
the $10,000 income net of opportunity cost (but 
not the entire $40,000 income of the migrant) 
as a net benefit. This is the benefit to the com- 
munity residents from a happy new resident who 
has just experienced a $10,000 income increase. 
For the donor community, the emigrant may be 
out of sight and out of mind. Realistically, mi- 
grants are neither completely included in nor 
completely excluded from the community ac- 
counting perspective. The accounting stance ad- 
vocated by Young and Howe, Hamilton and 
Gardner, and Keith and Glover would eliminate 
all direct benefits consisting of immigrant wages 
and count only benefits accruing to previous 
residents. | 

It is important to examine the assumptions 
implicit in this example. First, a $10,000 incre- 
ment between donor and recipient regions could 
not coexist with full employment and perfect 
factor mobility. Second, if such a differential 
between the two regions did exist, it could only 
persist in the short run, supported by a labor im- 
mobility that the migrant has managed to over- 
come. In the longer run, either wages in the donor 
region will be bid up by continued out-migra- 
tion, cr wages in the recipient region will be 
depressed by continued immigration. Thus, the 
benefits to the recipient region attributable to 
migrant wage changes should be either non- 
existent or short run. 

What about the induced effects from the re- 
spending of the migrant’s $40,000 income in the 
destination region? Clearly, as noted in the pre- 
vious section, the multiplier effects will gener- 
ate further secondary regional income. How- 
ever, this increase in economic activity will draw 
resources away from alternative employment, 
so the opportunity costs of these resources must 


Amer. J. Agr. Econ. 


be deducted. Moreover, the induced effect will 
very likely be supported by the immigration of 
additional labor and capital, aggravating the 
problem of deciding whose income to count. 

The situation is clearer for transient migrant 
labor. Income earned by labor that resides only 
temporarily in a region, while by definition a 
part of regional income, is certainly not valued 
very highly by other regional residents except 
as its respending induces activity elsewhere in 
the regional economy. 

Similar problems are encountered with mo- 
bile capital. A new project will have both pri- 
mary and secondary impacts on regional capital 
use and income. If internally owned capital is 
used, it has an opportunity cost equal to its value 
in its best alternative use. Inflows of monetary 
Capital are not per se a regional benefit. It is the 
investment of this money in physical assets and 
the subsequent productive use of these assets that 
will generate regional incomes. However, cap- 
ital attracted from outside the region, does not 
have zero cost, as implied in Howe (p. 79): “In- 
sofar as these productive factors, including cap- 
ital, are attracted from outside the project re- 
gion, the loss of their outputs elsewhere will not 
be counted as costs in the project region’s as- 
sessment of the project.” Howe fails to note that 
importing this capital probably does not change 
its ownership. The price of importing capital to 
a region is the outflows of interest payments and 
profits sufficient to attract the capital, which is 
its exact monetary cost in the importing region 
and should approach its opportunity cost in the 
exporting region. Even for projects funded by 
government grant, this capital may have an op- 
portunity cost in terms of other regional projects 
not funded (congressional logrolling also has its 
limits). 

If a project attracts both capital and its owners 
as immigrants to the region, this clearly has a 
positive impact on regional income. The situa- 
tion is Similar to that for immigrant labor—one 
can question whether increases in profit and in- 
terest payment accruing to immigrant capitalists 
are per se a regional benefit. The existence of 
regional benefits depends on whether this new 
profit and interest income satisfy growth goals 
of the original community residents, and whether 
they can capture benefits from the economic ac- 
tivity induced by the local respending by the im- 
migrant capitalists. 

Another aspect of migrant resources is the im- 
pact that immigrant resources can have on local 
production processes. Immigration of labor or 
capital might enhance the productivity and re- 
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turns earned by local labor and capital. These 
are potentially important project benefits, which 
unfortunately are poorly modeled by fixed coef- 
ficient approaches such as I-O models. More re- 
search could productively be directed toward 
developing proper methods of incorporating these 
resource productivity benefits into project anal- 
ysis. 

Because much of the impact of projects is on 
income earned by immigrant labor and imported 
capital, this is one further reason the portion of 
estimated income impact, both primary and sec- 
ondary, that can be considered a regional net 
benefit ranges from small to none. 


Economies of Size 


Reference was made above to changes in in- 
dustry size as a justification for additional proj- 
ect benefits. In one sense, this is another way 
of viewing the underemployment/unemploy- 
ment issues discussed above. Established firms 
in the region (the grocery store, the motel, the 
fertilizer dealer, the public school, and even the 
municipal government) may have adequate 
physical plant and labor to handle some increase 
in business. Similarly, on the downside, some 
decline in business may be accommodated with- 
out exit of labor or capital. Firms with consid- 
erable fixed labor or capital almost surely ex- 
hibit short-run size economies. On the other hand, 
if a firm’s labor and capital can accommodate 
an expansion, then they must previously have 
been underemployed, or if the firm can tolerate 
a downturn without releasing labor or capital, 
that labor and capital must then become under- 
employed. In the long run, fixed assets must be 
replaced, and labor will move, ending this kind 
of short-run size economy benefits. 

The issue goes beyond the fixed input/un- 
deremployment relationship. Long-run size 
economies may mean that a larger firm is better 
able to utilize labor or capital or has better mar- 
ket access than a small firm. Expansion of an 
industry may also result in agglomeration econ- 
omies. Thus, an irrigation project might make 
possible the expansion of a livestock industry 
sufficient to give the meat-processing industry a 
cost advantage over competing regions. Re- 
gional growth may allow establishment of larger 
size, lower cost grocery stores, giving con- 
sumers the benefit of lower cost food. 

On the other hand, any benefits flowing from 
industry size economies may be offset by other 
affected industries with either long- or short-run 
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size diseconomies. Power generation in the Pa- 
cific Northwest experiences an increase in av- 
erage cost as demand grows; present generation 
is based on cheap hydropower methods, while 
increases will have to come from expensive 
thermal sources. Expanding firms that need to 
add or replace fixed assets may operate only at 
costs above those of an established firm with 
depreciated fixed assets. . 

Because the I-O model is based on fixed coef- 
ficients, it is of little use for estimating size 
economy impacts. Attempts to estimate these 
impacts must be based on calculations external 
to the I-O model. Little empirical research has 
documented the role of economies of size in the 
affected industries as a determinant of the re- 
gional benefits or costs of resource development 
projects. Among the exceptions are work by 
Whittlesey et al., and Findeis and Whittlesey. 
They considered the incremental costs of pro- 
viding energy supplies, incremental farm capital 
needs, and incremental social overhead costs as- 
sociated with irrigation expansion. 

Economies of size is a possible source for both 
primary and secondary project net benefits. 
However, because the fixed-coefficient I-O model 
is unable to incorporate size economies, it can- 
not be used to estimate these benefits. Further, 
the possible existence of size economies is not 
a valid justification for including I-O based es- 
timates of secondary impacts as benefits. This 
is another area where research could be fruitful. 


Forward Linkages 


Forward linkage impacts occur if output from 
the directly affected sector serves as input to some 
other sector, thus changing the output level of 
that sector. For example, a new irrigation proj- 
ect may increase feed grain production, pro- 
moting an expansion in the regional livestock 
industry, which in turn could result in more meat 
processing in the region. As with backward 
linkages, some of the regional secondary in- 
come impacts produced by forward linkages may 
be valid components of regional secondary net 
benefits. 

The I-O model, because it traces purchases of 
each sector from all others, is well suited for 
translating a primary impact on one sector into 
estimates of the secondary impacts on produc- 
tion and value added by the backward linked 
sectors of the regional economy. Backward 
linkages are sure to exist—production requires 
inputs, so changes in production will be felt by 
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sectors that supply those inputs. Forward link- 
age impacts are far less certain. If a region pro- 
duces more feed grain, there is no assurance that 
regional livestock production will expand. If a 
region produces more logs, there is no assur- 
ance that they will be processed locally into di- 
mension lumber, plywood, or houses. 

Regional forward linkages exist only if the 
forward industries are otherwise constrained by 
input shortage and their expansion is a viable, 
profitable proposition. Often, the expansion po- 
tential of forward linked industries depends more 
on the regional and national market conditions 
for their outputs (meat, houses) than on the re- 
gional supply of raw inputs (feed grains, logs). 
If circumstances are unfavorable for the expan- 
sion of forward linked sectors, several possible 
scenarios exist. First, the raw product may sim- 
ply be exported from the region. Second, es- 
pecially for products that are hard to transport 
long distances, the increase in raw material pro- 
‘duction in the project area may cause regional 
declines in product prices, leading to offsetting 
production declines inside or outside the ac- 
counting region. Third, forward linked activity 
using inputs produced in the project area might 
increase, but an offsetting demise of such pro- 
cessing activities could occur elsewhere in or out 
of the region. For the first two scenarios, no re- 
gional forward linkage impact would occur. For 
the third, any regional impact occurs through 
transfer from another region. 

The weakness of forward linkages is recog- 
nized by Hamilton and Gardner: 


Certainly some of the output of newly developed land 
will be fed to livestock, other crops from this land 
will be used as input to food processing plants, and 
these secondary activities will generate secondary 
value added. However, the demand for regional ex- 
ports of processed food and livestock products is quite 
inelastic and driven largely by factors outside the re- 
gion. We question the extent to which new irrigation 
actuzlly increases the total amount of secondary food 
processing or livestock production in a region. De- 
velopment may only mean that new farms rather than 
the farms present without development will supply 
a share of the inputs to these secondary activities. 
(page 8) 


Due to inelasticities of crop demand, the net effect 
of new irrigation on state crop acreage has histori- 
cally been an increase in small grain and forage crop 
acreaze with little increase in the acreage of higher 
valued crops. Essentially the acreage of high valued 
crops displaces existing acreage of these crops. (This 
treatment conforms to the federal Principles and 
Guidelines which mandate that returns to high 
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valued specialty crops not be counted as part 
for the direct benefits of a water resource project.) 
(page 5) 


This same weakness is recognized by Howe: 


There is no question that the availability of project 
agricultural outputs and the related demands for in- 
puts led to the expansion of both forward (output 
processing) and backward (input supplying) linked 
activities in the project region. The sectors that are 
strongly forward linked to agriculture in the region 
are livestock and food processing. The markets for 
these final products are found almost completely 
outside the C-BT project region. It seems reasonable 
to argue that, had C-BT not =xisted, the additional 
supplies of these final products would have been 
produced elsewhere in the western United States. For 
this reason forward linkages can be ignored when 
computing net income changes from the national ac- 
counting stance, although not from the project re- 
gion stance. (page 88) 


If a project does cause secondary forward 
linkage impacts these will be in the form of out- 
put changes in other sectors and income earned 
by the production inputs used. The amount of 
this Income impact that counts as regional ben- 
efit depends on the same opportunity cost con- 
siderations outlined for backward linkages. La- 
bor and capital income impacts generated by 
forward linkages count as benefits only to the 
extent that the return in the new use exceeds its 
opportunity cost in its alternative use, and if some 
of these returns are captured by the permanent 
residents of the region. This will only be true if 
unemployment and immobility of labor and cap- 
ital are substantial. 

Young and Howe outline steps necessary to 
properly incorporate forward linkages into anal- 
ysis of regional project benefits in instances when 
this is justified by market conditions and prof- 
itability of prospective industries. To estimate 
regional forward linkages if sector A increases 
output of raw material by Q,. they note that one 
should: 


a. check the structure of local industries to see whether 
or not forward linkages appear likely; 

b. calculate the added processing output, Qp, that is 
likely ta follow from the availability of Q,; 

c. insert Qp in the input-output (inverse) model to 
determine what output changes will be required from 
all sectors other than that containing A; 

d. calcuate the increased factor payments (i.e., to 
labor (households), rent, interest, profits) that the 
model predicts to follow from the increased output 
in all sectors other than A; 

e. estimate the opportunity costs of these newly em- 
ployed factors to the state and subtract them from 
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the increased payments calculated in (d) to get sec- 
ondary net benefits. (page 69) 


The issue is whether forward linkages exist, 
whether they fall within the accounting stance, 
and how they should be treated in empirical 
project analyses. We have outlined conceptual 
reasons that forward linkage benefits may be 
nonexistent or small. We conclude that the ex- 
istence of forward linkage benefits must be jus- 
tified empirically, case by case, using proce- 
dures like those outlined by Young and Howe. 


Spatial Diffusion of Secondary Impacts 


The above discussion has taken the project re- 
gion as an internally undifferentiated partition of 
a uniform landscape. However, in the well-known 
sense of central place theory (Christaller, Losch), 
economic regions exist quite apart from the po- 
litical regions superimposed on them, and these 
economic regions have a hierarchical internal and 
external trade structure. Regions used for input- 
output modeling are typically based on political 
units (states, counties, multistate or multicounty 
aggregates), easing data and model-building 
problems, and because the questions asked are 
usually framed in terms of political units. Both 
the trade patterns and the divergence between 
the boundaries of political and economic regions 
have consequences for regional project analysis. 

Seninger noted that there may be clear policy 
and planning implications from an analysis of 
Spatially diffused secondary impacts among a 
system of communities. Disaggregating impacts 
of a project to the community level may be help- 
ful for understanding the nature of the impacts, 
planning how to deal with them, and deciding 
who should pay for them. By integrating central 
place and I-O theory, through an intercommun- 
ity I-O model (as in Robison and Miller), it is 
possible to trace the diffusion of secondary im- 
pacts through the central place hierarchy within 
a study region. 

Ideally, I-O analysis should be used to model 
the economy of one or a hierarchical aggrega- 
tion of functional economic areas (Richard- 
son).” When an I-O model is shoehorned to fit 


$ In the 1970s, the U.S. Department of Commerce, Bureau of 
Economic Analysis (1975, 1982) relied on hierarchical trade and 
central place principles to map the economic boundaries of the United 
States. The BEA aimed at delineating a complete set of functional 
economic areas for the United States (see also Fox and Kumar). 
BEA Economic Areas generally have a “Standard Metropolitan 
Statistical Area” at the center, surrounded by a number of hinter- 
land counties. While the BEA areas follow county boundaries, they 
often cross state boundaries to define a region comprising parts of 
two or more states. 
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the political units of data availability or to match 
the political boundaries of policy issues, the 
common nonsurvey techniques used to build these 
models can result in biased estimates of sec- 
ondary project impacts (Robison and Miller). 
Economic impacts do not stop at political 
boundaries but usually spill across these bound- 
aries into contiguous parts of a transcending 
economic region. The concept of interregional 
spillover is another way of looking at economic 
leakages from a region. Generally, small and less 
self-sufficient regions will have lower output and 
income multipliers because more spending leaks 
or spills into adjacent regions. 

One can get a feeling for the spillover rela- 
tionship from the output multipliers presented in 
table 1, which are based on the nested set of 
consistent I-O models from Hamilton and Jen- 
sen. As expected, Australia had the largest mul- 
tiplier. The state of Queensland had a smaller 
multiplier because some secondary activity spills 
across its borders into other states. We can as- 
sume that each dollar of primary impact from 
some event in Queensland is associated with 
$0.71 of secondary impacts, the same ratio as 
for events elsewhere in Australia. However, 
Queensland captures only $0.55 of these sec- 
ondary impacts while $0.16 of secondary im- 
pacts spill over to other states. The ratio of spill- 
over secondary effects to those captured by the 
region is the spillover coefficient, 0.16/0.55 = 
0.291 for Queensland. Moreton Region, con- 
taining Brisbane, the state capital, strongly 
dominates the economy of Queensland, allow- 
ing little of the secondary impacts from an event 
in that region to spill into other regions of the 
state. In contrast, an event in Toowoomba, a 
smaller town in Moreton Region, generates much 
more spillover secondary impacts than local sec- 
ondary effects because it is so small and so 
strongly dominated by metropolitan Brisbane. 

Interregional or multiregional I-O models 
(Miller and Blair) are appropriate analytic tools 
in cases where spillover effects likely are im- 





Table 1. Australia Interregional Spillover 
Coefficients 
Average Spillover Coefficient 
Output to Next Higher- 
Region Multiplier Order Region 
Australia 1.71 
State of Queensland 1.55 0.291 
Moreton Region 1.54 0.019 
Toowoomba City 1.10 4.400 
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portant. This framework explicitly models both 
the structure of each regional economy and the 
linkages between regions. In this way, the im- 
pact of an event in one region can be traced to 
all other regions. Such a multiregional model 
was constructed by Carter and Ireri as part of a 
study of the impact of California-Arizona water 
reallocation alternatives. Their results, shown in 
table 2, can be interpreted in terms of spillover 
coefficients. These results indicate that for each 
dollar of secondary impact generated in Ari- 
zona, an additional spillover of secondary im- 
pacts ranging from $0.058 to $0.822 will also 
occur in California. 

The consequences of interregional spillovers 
can be important in regional project analysis. 
Miller examined the possibility that spillovers 
could be the basis of interregional feedback, 
where development in one region can spill over, 
stimulating development outside the accounting 
region, which in turn spills back to further stim- 
ulate economic activity in the first region. If such 
feedbacks are significant, an I-O model would 
underestimate the extent of project impacts. 

The recent Pecos River case in the U.S. Su- 
preme Court (482 U.S. 124, 1987) illustrates 
another kind of spillover relationship based on 
a resource allocation conflict between two ad- 


Table 2. Secondary Impact Spillover Coef- 
ficients from Arizona into California 


Sector Coefficient 
Meat animals & products 0.058 
Poultry & eggs 0.822 
Farm dairy products 0.122 
Food & feed grains 0.247 
Cotton 0.102 
Vegetables 0.197 
Fruit & nuts not citrus 0.197 
Citrus 0.145 
Forage 0.199 
Miscellaneous agriculture 0.102 
Grain mill products 0.201 
Meat, poultry process 0.124 
Dairy products 0.064 
Can, preserve, freeze 0.813 
Misc. agr. processing 0.301 
Chemicals & fertilizer 0.309 
Petroleum 0.152 
Fab metal & machinery 0.335 
Aircraft 0.181 
Primary metals 0.134 
Other manufacturing 0.144 
Mining 0.079 
Utilities 0.062 
Selected services 0.115 
Trade & transport 0.058 
Other services 0.115 


Amer. J. Agr. Econ. 


jacent political regions with an interlinked 
(nested) economic structure. In this case, if the 
accounting stance were based solely on the po- 
litical boundaries, ignoring the hierarchical eco- 
nomic connections between the two areas, in- 
correct policy conclusions could easily result. 
The damages suffered by Texas for past under- 
deliveries of water by New Mexico under the 
Pecos River Interstate Compact include direct 
and secondary income losses net of the oppor- 
tunity cost of the resources used. However, New 
Mexico would have had to reduce its irrigated 
acreage by at least 20 acres for each additional 
acre that could be irrigated in Texas. The 20 to 
1 ratio is a consequence of the lags in the 
groundwater hydrology of the region, the evap- 
oration losses, and the salinity buildup of Pecos 
River water delivered to Texas. The economies 
of the affected part of New Mexico are closely 
tied through strong forward and backward link- 
ages to the adjacent parts of Texas. The ques- 
tion is: What would have been the net benefits 
to Texas if it had received the water and the di- 
rect and secondary impacts which that implies, 
but at the cost of losing spillover benefits be- 
cause of the associated reduction in New Mex- 
ico irrigated acreage? 

It is interesting to note that the two New Mex- 
ico counties which would have lost irrigated 
acreage under compact compliance are desig- 
nated by BEA as part of the El Paso, Texas, 
functional economic area. The Texas-New 
Mexico border runs neatly between these New 
Mexico counties and the El Paso, Texas, SMSA 
that is the principal central place in this func- 
tional economic area. Because of the obviously 
close economic ties between these portions of 
New Mexico and Texas, actions taken in New 
Mexico should have large spillover effects in 
Texas. In this case, there is a real possibility 
that the spillover benefits accruing to Texas from 
using the water in New Mexico would exceed 
the direct and secondary damages of not having 
the water to use in Texas, leaving Texas better 
off because it did not get the water. However, 
if analysis was based on separate I-O models of 
the affected New Mexico and Texas areas, ig- 
noring the economic linkages between the two, 
these potentially important spillover effects would 
remain hidden. 

Note the internal consistency; if factor op- 
portunity cost were 100% of factor market cost, 
zhen there were no secondary benefits to New 
Mexico from using the water and no spillover 
benefits to Texas; however, if factor unemploy- 
ment or immobility is invoked to justify sec- 
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ondary benefits, then spillovers are also a pos- 
sibility. 

The divergence between the political regions 
often used for regional modeling and the func- 
tional economic areas in which economic activ- 
ity actually takes place sometimes causes ana- 
lysts to incorrectly specify their accounting 
stance, resulting in biased estimates of project 
impacts and project benefits and missing im- 
portant benefit spillovers between accounting 
regions. 


Conclusions 


This paper has addressed five issues that are en- 
countered when estimating secondary benefits 
in regional project analysis: (a) the proper cor- 
rection for the opportunity cost of factors used, 
(b) how to treat mobile factors, (c) the effect of 
economies of size, (d) the role of forward link- 
ages, and (e) the role of the spatial structure of 
economic regions. The first four issues serve as 
reasons only a small part, if any, of regional 
impacts can be treated as regional net benefits 
or costs. The fifth is a reason that, when sec- 
ondary benefits or damages do exist, their cor- 
rect estimation can depend on recognition of the 
spatial structure of the affected areas. All five 
serve as cautions to the project analysis practi- 
tioner and as challenges for future conceptual 
and empirical research. 


[Received January 1990; final revision 
received June 1990.] 
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Technical Change, Land Quality, 
and Income Distribution: A General 
Equilibrium Analysis 


Ian A. Coxhead and Peter G. Warr 


This paper investigates the distributional effects of technical progress in agriculture. A 
small computable general equilibrium model is developed in which agricultural 
production occurs in two environments with fixed land resources of different quality. 
The analytical structure permits not only the rate but also the factor biases of technical 
change to differ between environments. Distributional results are generated for several 
classes of households distinguished both by their ownership of factors and by their 
consumption patterns. The results demonstrate that technical change produces 
distributional outcomes which are highly sensitive to its factor biases and to prior 


differences in land quality. 


Key words: general equilibrium, income distribution, Philippines, technical change. 


The quality of agricultural land, particularly ac- 
cess to irrigation, is a major factor influencing 
the rate of return to adoption of new technolo- 
gies by farmers in developing countries. The de- 
velopment of new biological technologies, such 
as high-yielding varieties of rice, has focused on 
irrigated environments, where the likelihood of 
substantial yield increases has been highest. Ac- 
cordingly, in most Asian countries, the yield gap 
of staple crops like rice between irrigated and 
less favorable environments has widened over 
the last two decades (Lipton and Longhurst). 
Virtually since the beginning of the green rev- 
olution, concern has been expressed about the 
income distributional implications of the ob- 
served unevenness in the rate of growth of ag- 
ricultural land productivity. The possibility that 
new technologies might adversely affect income 
distribution arises because irrigation systems are 
typically large and costly engineering projects. 
In any length of run shorter than that required 
for their construction, agricultural land is spe- 
cific. to a particular environment, irrigated or 
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unirrigated. The microeconomic theory of gen- 
eral equilibrium changes in the relative returns 
to sector-specific factors under a variety of ex- 
ogenous shocks is well developed (Jones, Jones 
and Easton). The specificity of land has been 
exploited in a number of partial equilibrium 
analyses of technical change and income distri- 
bution (Evenson, Quizon and Binswanger 1983). 
General equilibrium models of agricultural de- 
velopment continue, however, to treat agricul- 
tural land as homogenous and farmers as equally 
affected by technical progress (Bautista, Quizon 
and Binswanger 1986). 

This paper investigates the income distribu- 
tional effects of technical progress in the agri- 
cultural sector of a small open economy. A small 
general equilibrium model is developed in which 
agricultural production takes place in two en- 
vironments characterized by fixed land re- 
sources, and which accordingly experience dif- 
ferential rates of technical progress even while 
facing the same prices for output and variable 
inputs. The analytical structure permits not only 
the rate but also the factor biases of technical 
change to differ between environments. Distri- 
butional results are generated for several classes 
of households distinguished by their ownership 
of factors and by their patterns of consumption. 

The analysis distinguishes between interna- 
tionally traded goods (tradables), whose prices 
are determined in world markets, and nontraded 
goods (nontradables), whose prices are estab- 
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lished entirely in domestic markets. Neutral 
technical change in a sector producing tradables 
has effects equivalent to those of an exogenous 
rise in its output price. Subsequent changes in 
endogenous factor and commodity prices can be 
divided into those resulting from the movements 
of domestic resources required to restore equi- 
librium in factor markets at a given level of con- 
sumer spending, called the resource movement 
effect, and those resulting from the increase in 
consumer spending made possible by technical 
progress, the spending effect (Corden and Neary). 

The extent of relative factor price changes, 
and therefore of changes in the functional in- 
come distribution, is determined by the param- 
eters governing factor demand and supply in each 
sector. Changes in the relative incomes of 
households (the owners of factors) are deter- 
mined by the distribution of factor ownership 
and by the composition of household consump- 
tion bundles. 

Two important results emerge from the anal- 
ysis. The first is that following a technical change 
“shock,” general equilibrium feedback from 
nonagricultural sectors of the economy will pro- 
duce changes in income distribution. Such 
changes are not captured in partial equilibrium 
models of the agricultural sector on its own. The 
second is that the assumption, common to many 
general equilibrium models, that technical change 
is neutral with respect to factors potentially con- 
ceals its redistributive effects among groups of 
households with unequal endowments of land, 
labor, and other productive assets. 

An illustration with Philippine data provides 
a convenient vehicle for discussion of these re- 
sults. The parameters of this numerical form of 
the model are derived from the available em- 
pirical research on the Philippine economy. 
Nevertheless, the model is deliberately stylized 
and simplified so as to draw out the central an- 
alytical issues. Thus, the numerical simulations 
are intended primarily to serve this analytical 


purpose. 


The Model and Solution Procedure 


The model belongs to the Johansen class of gen- 
eral equilibrium models. All models of this type 
are linear in percentage changes of variables. This 
imbues them with great flexibility in the eval- 
uation of comparative statics results from ex- 
ogenous shocks. One advantage of particular 
relevance is that changes in variables deriving 
from two or more separate shocks are simply the 
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sums of changes due to individual shocks. In the 
simulations, this linearity property of the model 
is exploited to decompose changes in endoge- 
nous variables. The components of these changes 
comprise adjustments in individual factor and 
commodity markets in response to factor-neutral 
and factor-biased technical change shocks. 

The model describes a small open economy 
in which three commodities are produced in four 
sectors. Two sectors (labeled 1 and 2) produce 
a single agricultural good, while sector 3 pro- 
duces services, and sector 4 manufactures. Sec- 
tor 3 output is the only product which is not traded 
internationally at given world prices. It is thus 
the only output price to be determined within 
the model. Each sector employs the mobile fac- 
tors, labor and capital, and a specific factor. The 
specific factors in the agricultural sectors are en- 
dowments of land: irrigated land in sector 1 and 
unitrigated land in sector 2. The specific factors 
in services and manufacturing represent plant, 
buildings, and other “bolted down” capital. 

The analytical structure is a generalized form 
of the model analyzed in Cassing and Warr. To 
capture the essence of the problem, the number 
of sectors has been increased from the three de- 
scribed by Cassing and Warr to the four defined 
above, and each sector is endowed with a spe- 
cific factor. The higher dimensionality makes 
theoretical analysis of the model cumbersome 
and the focus, therefore, is on numerical sim- 
ulations. Readers wishing a more detailed dis- 
cussion of the analytical properties of this class 
of models may refer to Cassing and Warr. 

The equations, variables, and parameters of 
the model are set out in tables 1 and 2. The 
equations fall into four groups. The first two de- 
scribe, in turn, factor demand and product sup- 
ply, and the supply of mobile factors. Firms em- 
ploy factors from the aggregate pools of mobile 
labor and capital as well as using sector-specific 
factors, the supplies of which are exogenously 
determined. The third set of equations describes 
the activities of households as earners and as 
consumers. Each household contributes to the 
aggregate supply of factors and receives income 
commensurate with the returns on those assets. 
Household incomes are exhausted in the pur- 
chase of goods. The equations in this group de- 
scribe, in turn, changes in household income, 
household-specific price indices, real household 
incomes (deflated by their price indices), house- 
hold consumer demands, and aggregate con- 
sumer demand. 

The fourth group of equations determines the 
prices of factors and of the nontradable com- 
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Table 1. Equations in the Model. 
Number of 

Expression’ Equations 
l. Factor demand and product supply 
L; = Buw' + Bur + ByPs + Bids + Es (s) 
K; = Paw + Bur’ + Byb: + Buds + Be (s) 
Y; = Buw + Bur! + BYP; + BZ, + By, (s) 
2. Factor supply 
L = ew! tE (1) 
K' = ey’ + K' (1) 
3. Household income and expenditure 
M; = Suh + En) Ww" + bu(1 + Endr 

+ Y Yli + Zi) + Sub! + SK 

sm (h) 

Pi = MisP3 (h) 
R, = M, ~ Pi (h) 
Co = Ga P3 + NaM (h) 
Cc, = tCrs 

2 (1) 


4. Price setting and market clearing 
0 = aw + agr + a@,2; -Ti (s = 1,2) 
P; = aw" + Qar" F 1,323 (s m 3) (s) 


O = ayw + ayer’ + aaz (5 = 4) 
¥;—C; =0 (1) 
L' — DApLi = 0 
s (1) 
K' — YAK = 0 
s (1) 
Total number of equations 4s + 4h+6 


* Prime superscripts indicate proportional changes. Thus X' = dX/ 
X. Variable and parameter definitions are listed in table 2. Sectors 
are indexed by s, households by h. The subscripts /, k, and y denote 
labor, capital and output, respectively. Numerical subscripts refer 
to individual sectors. 


modity. It comprises four sectoral zero pure profit 
conditions based on the assumption of constant 
returns to scale and three market-clearing con- 
ditions: one for the endogenously priced non- 
tradable (services), and one for each of the do- 
mestically mobile, endogenously priced factors, 
labor and capital. These seven equations simul- 
taneously determine changes in the model’s seven 
endogenous prices: the price of services, the 
prices of labor and capital, and returns to the 
four specific factors. 

The market-clearing conditions for final com- 
modities require explanation. The model im- 
plies two market-clearing conditions for final 
commodities: one for the nontradable stating that 
changes in the demand for and supply of that 
commodity must be equal and one for tradables 
stating that changes in the value at international 
prices of exports must be matched by changes 
in the value of imports, implying that the level 
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of the trade deficit or surplus is held constant. 
Of course, there are two traded commodities, 
but only one market-clearing condition, the trade 
balance constraint, linking changes in the excess 
supply of one (exports) to changes in the excess 
demand for the other (imports). Walras’ law now 
implies that provided the model’s consumers 
operate on their budget constraints, one of the 
two market-clearing conditions is redundant. 
Either one implies the other. Following Cassing 
and Warr, it is convenient to retain the market- 
clearing condition for nontradables and to sup- 
press the trade balance constraint.’ This choice 
is purely a matter of convenience; retaining the 
trade balance constraint and suppressing the 
market-clearing condition for nontradables would 
have given exactly equivalent results.? 

Because variables enter the model only in 
percentage change form, it is not necessary to 
specify their initial absolute magnitudes or to 
calibrate solution values by assigning a real-val- 
ued intercept to each equation. Only the relative 
magnitudes of variables are used, expressed as 
sectoral shares in GDP and factor demand, sec- 
toral distributive shares of factors, and house- 
hold shares in consumption and factor supply. 
Parameters of the equations describing factor 
demand and product supply are elasticities. For 
the two agricultural sectors, these are taken from 
the econometric estimates reported in Coxhead. 
All data are contained in a working paper avail- 
able upon request from the authors. 


Technical Change 


Three hypothetical forms of technical change are 
simulated in the analysis: (a) factor neutral; (b) 
labor saving, capital using; and (c) labor using, 
land saving. The nature and magnitudes of these 


! This specification of the general equilibrium system does not 
explicitly include the demand functians for the two tradable com- 
modities. The reason is that the relevant parameters are implied in 
full by the demand function for nontradables and the assumptions 
of the model. This arises because: (a) the fixed relative prices for 
the two tradable commodities make them a single Hicksian com- 
posite good from the consumers’ standpoint, and so, effectively, 
only two goods are consumed-—the composite tradable and the 
nontradable; and (b) the usual assumptions that demand functions 
are homogenous of degree zero and that consumers satisfy their 
budget constraints exactly now enable all the usual elasticity prop- 
erties of the demand function for tradables to be inferred directly 
from the demand function for nontradables, using the familiar ag- 
pregation conditions. 

2? Generalizing this discussion, if there are n tradables and m non- 
tradables, there are m + 1 market-clearing conditions: one for each 
nontradable and a trade balance constraint. One is redundant. Any 
m of these equations determine the m-endogenous relative prices in 
the model. 
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Table 2. Variables and Parameters in the Model 





Symbol Definition Number of Equations 
Endogenous Variables 
L; Labor demand in sector s (s} 
K, Capital demand in sector s ) (s) 
Y, Product supply in sector s (s) 
L Aggregate labor supply (1) 
K Aggregate capital supply (1) 
Mp Income of household group h (h) 
Pi Expenditure share-weighted price index of (h) 
household group A 
R, Real income of household group h (M,/P p (h) 
Cis Demand for good 3 by househcld group A (h) 
C; Aggregate demand for good 3 (1) 
w Price of labor (i) 
r Price of capital (1) 
Ž i Return to specific factor in sector s (s) 
P, l Price of nontraded good (good 3) (1) 
Total endogenous variables 4s +4h+6 
Exogenous variables 
Z, Endowment of fixed factor specific to sector s (s) 
L Aggregate labor endowment (1) 
K Aggregate capital endowment (1) 
Es Technical change shifter’ for factor į in (4) 
agricultural sector s 
E; Technical change shifter" for output in (2) 
agricultural sector s 
F, Overall rate of technical change* in agricultural (2) 
sector s 
Total exogenous variables s+ ll 
Total number of variables 5s + 4h + 17 
Numéraire price 
P; Price of agricultural good 
Parameters 
Olis Share of factor i in total costs of production in 
. | sector s 
Bi Elasticity of demand for factor i with respect to 
factor price j in sector s 
By Elasticity of demand for factor i with respect to 
output price y in sector s 
Bi Elasticity of demand for factor i with respect to 
fixed factor z in sector s 
Bii Elasticity of supply of good y with respect to 
factor price į in sector s 
# Elasticity of supply of good y wich respect to 
own price in sector s 
B3, | _ Elasticity of supply of good y with respect to 
specific factor z in sector s 
is Employment share of factor i in sector s 
Ehi Own-price elasticity of supply of factor i from 
household group A 
&; Aggregate own-price supply elasticity of factor i 
Õpi Share of income of household grcup h derived 
from earnings of mobile factor i 
Vis Share of income of household grcup h derived 
from earnings of specific factor Z, 
Hra ` Expenditure share of household group h on good 
3 
Nhs _ Expenditure elasticity of demand for good 3 by 
household group A 
Pri Share of household group h in ownership of 
factor i 
ths Share of household group A in consumer 
- demand for good 3 
E13 Price elasticity of demand for good 3 by 


household group A 


* For definitions, see text. 
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shocks are illustrative of individual technical in- 
novations in developing country agriculture. Each 
type of shock, or any combination, may be ap- 
plied either uniformly in both agricultural sec- 
tors or to only one of the two. This property 
permits examination of the differences in actual 
and potential productivity between irrigated and 
other agricultural areas. 

Technical change alters product supply and 
factor demand directly in the sector to which the 
shock applies and indirectly in all sectors through 
adjustments in factor and product markets. The 
values of these changes are obtained by the re- 
quirement that changes in supply equal changes 
in demand in the markets for labor, capital, and 
the nontradable good. Because the model is ori- 
ented to the short run, changes in mobile factor 
supplies are constrained to zero; thus, any change 
in the functional distribution of income can be 
read directly from changes in factor prices. 

The technical change specification in the model 
is adapted from Quizon and Binswanger (1983). 
In their analysis the rate and the bias of tech- 
nical change in sector s can be obtained from 
the values of the factoral rates of technical 
change, Ai, for each factor i. The A;, terms are 
the percentage changes in factor demand due to 
technical progress, evaluated at constant prices 
and output: 


where X; denotes the demand for factor i in sec- 
tor s, and t denotes time. The overall rate of 
technical change T; is the cost-share-weighted 
average of the A;, terms: 


n 
ae ! 
I, Bä > a;Aiss 
l 


I= 


where œ; denotes the share of factor i in total 
costs in sector s. For ease of exposition, ‘in the 
subsequent discussion the sector subscripts will 
be suppressed. 

A; and T’ are defined when output is held 
constant, as is the case in a cost function. Qui- 
zon and Binswanger (1983) derive the following 
expressions for E; and E,, the profit function 
counterparts of A; and T’ above: 


(1) E; = ByT’ + A; — A; ;and 


(2) . E, = Byt + Aj, 


where By is the elasticity of quantity 7 with re- 
spect to the price of j, and A} is the factoral rate 
of technical change of land, the fixed factor in 
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the profit function. In this model the E;s and 
E, in the agriculture sector supply and factor de- 
mand equations are replaced by the right-hand 
sides of equations (1) and (2). Selecting values 
of the Ajs and 7” permits the simulation of any 
combination of technical change rates and biases, 
as will now be shown. 

Factor-neutral technical progress in any sector 
is characterized by equality of each of the fac- 
toral rates of technical change A; and the overall 
rate of technical change 7’. This equality im- 
plies the following changes in factor demand and 
output in that sector: 


(3) E; = BT = 0; 
E; = PaT” = 0; and 
E, = (By + DT" = 0. 


Technical progress which substitutes capital 
for labor with no change in output or in the pro- 
ductivity of land (A; = T’ = 0) yields 


(4) E; = —A; = 0; 
a 
E, = (2) A; = 0; and 
Oy 
Ey = 0. 


These expressions show that the ceteris paribus 
effect of the capital-using bias of technical change 
is to reduce labor demand and raise capital de- 
mand. Reversal of k and / subscripts will yield 
expressions for the effects of a capital-saving, 
labor-using bias. 

The third illustrative technical change in- 
volves the substitution of labor for land, with 
no change in the rate of technical progress or in 
its bias with respect to capital (A; = T’ = 0). 
Because land is a specific factor and constant 
returns to scale have been imposed, at constant 
prices any increase in land productivity auto- 
matically ensures an increase in output even 
though the physical land area remains un- 
changed. In this case the technical change shif- 
ters are 


Qe. i 
(5) g = (241) reo 
ed | / 


E; = Al = 0; and 
E, = A, = 0. 


According to these definitions, the individual 
components of any technical change which both 
increases output and alters factor proportions can 
be isolated by applying shocks to individual 
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variables: 7” for factor neutrality, A; for labor- 
capital bias, and A; for land-saving, labor-using 
bias. The nonneutral changes (4) and (5) impart 
only pure factor substitution effects; but, since 
the model is linear in percentage changes, either 
or both may be combined with the results for 
neutral change to simulate the effects of prog- 
ress which both raises output and alters the pro- 
portions in which factors are demanded at con- 
stant prices. Any combination of technical 
progress and factor bias can be represented in 
the manner just described so long as the number 
of technical change variables (7’ and the A; terms) 
in each sector is equal to the number of factors 
employed in that sector. 

The effects of other combinations of factor bias 
and output increase could readily be specified; 
for the illustrative purpose served by this model, 
however, the three just described are adequate. 
In the experiments simulating unbalanced growth 
in agriculture, technical changes in sector 1 only 
are described, but an equivalent methodology 
applies to sector 2 because technical change 
mechanisms are algebraically identical in both 
sectors. The effects of a constant rate and bias 
of technical progress across both agricultural 
sectors are also presented and discussed below. 


Housenold Income and Consumption 


The model contains seven illustrative groups of 
households, distinguished both by asset own- 
ership and by their consumption behavior. They 
are summarized in table 3. The small farmer 
categories (H6 and H7) include tenant farmers 
on fixed-rent leases because they also derive 
benefits from increased land productivity when 
output rises. The definitions of households used 
in this study have no direct equivalents in of- 
ficial Philippine statistics, in which households 
are grouped by levels of income and expendi- 
ture. Such information on consumption patterns 
as can be gleaned from official statistics (NEDA, 
various years) and independent studies (Pante; 
Lluch, Powell, and Williams; Kravis, Heston, 
and Summers) has been used to construct typi- 
cal sets of consumer demand parameters for each 
of the household groups. Shares of total house- 
hold income contributed by each factor owned 
by the Ath household group are shown in table 
å. These data have been constructed syntheti- 
cally with the aim of providing a contrast be- 
tween stereotypical groups. 

The extent to which the incomes of farmers 
and landlords are derived from the earnings of 
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land reflects the assumption that they own or 
lease farm land in which they have made some 
long-term investment; for this reason their for- 
tunes are closely tied to profitability in the sec- 
tor in which their land belongs. The sector-spec- 
ificity of farmers’ incomes from land is not 
contradicted by their also deriving income from 
each of the mobile factors: their endowments of 
labor, for example, may be switched between 
on-farm and off-farm employment as changes in 
sectoral profitability dictate. 

Laborers do not share in the ownership of fixed 
assets; their incomes are affected by a change 
in a particular sector only insofar as it affects 
the economy-wide demand for their services. 
Households owning specific factors outside ag- 
riculture, in services (H2) and manufacturing 
(H3), have asset ownership positions roughly 
equivalent to those of landlords: although they 
derive some income from their ownership of 
mobile capital, the greater portion comes from 
returns to specific factors. Changes in sectoral 
profitability are, thus, the main determinants of 
changes in these households’ relative prosper- 


ity. 


Solution Procedure 


The model is implemented using the GEM- 
PACK software package (Codsi and Pearson). 


Table 3. Household Categories and Char- 
acteristics 





Code Description Asset Ownership 
H1 Landless laborers Mobile labor only 
H2 Service sector capitalists Specific factor in 
sector 3; some 
mobile capital 
3 Manufacturing sector Specific factors in 
capitalists sector 4; some. 
mobile capital 
H4 Landlords in irrigated Most irrigated 
area (sector 1) land, some 
mobile capital 
HS’ Landlords in unirrigated Most unirrigated 
area (sector 2) land, some 
mobile capital 
H6 Small farmers in Some irrigated 
irrigated area land, some. 
(sector 1) mobile labor 
and capital 
ET Small farmers in unirrig. Some unirrigated 
area (sector 2) land, some 
mobile labor 
and capital 


Note: Exact quantities of factors owned by each group are shown 
in table 4. 
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Table 4. Factor Ownership and Factor Shares in Household Income 


Household 

Group" Ôp Bvt Yat Yr Yh Yrs Zini + Lani 
H1 1.0 0.0 0.0 0.0 0.0 0.0 1.0 
(i) (0.4)° (0.0) (0.0) (0.0) (0.0) (0.0) 

H2 0.0 0.3 0.0 0.0 0.7 0.9 1.0 
(hz) (0.0) (0.2) (0.0) (0.0) (1.0) (0.9) 

H3 0.0 0.3 0.0 0.0 0.0 9.7 1.0 
(h (0.0) (0.5) (0.0) (0.0) (0.0) (1.0) 

H4 0.0 0.5 0.5 0.0 0.0 0.0 1.0 
(Éa) (0.0) (0.1) (0.7) (0.0) (0.0) (0.0) 

H5 0.0 0.4 0.0 0.6 0.0 0.0 1.0 
($s) (0.0) (0.1) (0.0) (0.7) (0.0) (0.0) 

HG 0.3 0.4 0.3 0.0 0.0 0.0 1.0 
(dei) (0.3) (0.05) (0.3) (0.0) (0.0) (0.0) 

HT 0.4 0.2 0.0 0.4 0.0 0.0 1.0 
(db) (0.3) (0.05) (0.0) (0.3) (0.0) (0.0) 

Dn Pri (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) 





Source: See text. 


* Household groups (defined in text) are H1, laborers; H2, owners of sector 3’s specific factor; H3, owners of sector 4’s specific factor; 
H4, landlords in sector 1; H5, landlords in sector 2; H6, farmers in sector 1; and H7, farmers in sector 2. 
> Figures in parentheses indicate y, the proportion of the economy’s endowment of each factor i owned by household group A. 


In table 1 the complete model is shown to con- 
sist of (4s + 4h + 6) equations and (5s + 4h 
+ 17) variables. Because tradables’ prices are 
assumed constant, their percentage changes are 
set to zero in the model’s equations. Closure is 
achieved by specifying as exogenous the tech- 
nical change shifters Æ; and Æ, and the endow- 
ments of capital, labor, and fixed factors K’, L’, 
and Z; to Z4. This leaves (4s + 4h + 6) = 50 
endogenous variables and the same number of 
equations, permitting the model to be solved. 


Sensitivity Analysis 


Each of the parameters obtained by econometric 
analysis is estimated with error resulting from 
random variations in the data. Many other pa- 
rameters of the model are derived not from 
econometric estimates but from independent in- 
formation such as national accounts data. Con- 
siderable uncertainty over the values of these 
parameters is justified. 

The possibility of errors in parameter values 
raises two issues. One is that the means by which 
some values have been obtained leaves open the 
possibility that they could be substantially dif- 
ferent from their true values. The second is that 
the model may be extremely sensitive even to 
small changes in some parameter values. An 
empirical investigation of the second issue pro- 
vides guidance as to the importance of the first. 
If the solution values of the model’s dependent 


variables are very insensitive to changes in pa- 
rameter values, then uncertainty about the exact 
value of a parameter need not greatly reduce 
confidence in the outcomes of simulation ex- 
periments. 

Sensitivity elasticity is defined as the per- 
centage change in a solution value given a 1% 
change in the value of a parameter or parameter 
group (Pagan and Shannon, Anderson and Warr), 
Sensitivity elasticities were computed for each 
variable with respect to a 10% change in each 
parameter for a neutral technical change shock 
in sector 1. With 43 variables and 197 param- 
eters in the model, 8,471 such elasticities could 
in principle have been calculated. The actual 
number computed was somewhat smaller (5,461) 
because it excluded changes in elasticities re- 
lating to changes in tradables’ prices—-these were 
held constant in our model—and parameters 
whose initial values were zero. 

The solutions obtained for the base (neutral 
technical progress) simulation run are relatively 
insensitive to large changes in both estimated 
and guesstimated parameter values. Of the 5,461 
sensitivity elasticities computed, only 93 (1.7%) 
exceeded 1.0 in absolute value; among these, 
the modal value was less than 2.0. These results 
indicate that the model is relatively robust with 
respect to its parameters.” 


? More detail on the procedure and results for sensitivity analysis 
is available from the authors on request. 


352 May 199] 


Experimental Results 


In this section we report and discuss the results 
of technical progress shocks conducted under a 
variety of assumptions concerning sectoral ac- 
cess to new technologies and factor biases. The 
purpose of these experiments is to expose the 
mechanisms by which functional and household 
income distributions are altered by a shock. First, 
counterfactual factor-neutral shocks are decom- 
posed into their economic components. Second, 
the impacts of factor biases in technical change 
are studied in isolation from one another using 
hypothetical values of the technical change pa- 
rameters 7’, A; and A;. Although the data used 
in the model are based on Philippine data, the 
underlying model is, by design, highly styl- 
ized. 

The results are presented below by decom- 
posing the percentage change in each endoge- 
nous variable into two components: the resource 
movement effect and the spending effect. The 
resource movement effect describes changes due 
to adjustments other than the spending of ad- 
ditional income generated by technical progress. 
Since the spending effect operates through de- 
mand for the non-tradable good (Corden and 
Neary; Cassing and Warr) the resource move- 
ment effect is calculated in these simulations by 
setting the expenditure elasticity of demand for 
the non-tradable, 73, equal to zero, which nul- 
lifies the spending effect. The resource move- 
ment effect is further divided into the factor 
market effect and the real appreciation effect.° 
The former is calculated by holding the numéraire 
price of the nontradable constant, which nulli- 
fies the real appreciation effect. The log-linear- 
ity of the model ensures that the effects of an 
exogenous shock can always be represented as 
the sum of these components. In this manner the 
analysis exposes the relative importance of fac- 
tor market and consumption linkages, and of the 
agriculture /nonagriculture terms of trade, in de- 
termining the distributional outcomes of tech- 
nical change shocks. By revealing the major ad- 
justment mechanisms, decomposed results reduce 
substantially the “black box” nature of CGE ex- 
periments, thus helping nontechnical users of such 


4 A 42-sector general equilibrium model of the Philippine econ- 
omy is presently under construction by the authors. 

5 A real appreciation is a rise in the price of nontradables relative 
to the prices of tradable commodities, i.e., a rise in the real ex- 
change rate. The real appreciation effect as defined here refers to 
the ceteris paribus effect of a rise in the relative price of nontrad- 
ables, net of the effects of factor market adjustments and income 
effects. 
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models to gain an intuitive understanding of the 
results obtained. 

The absolute prices of the two internationally 
traded commodities, the agricultural good and 
the manufactured good, are held constant 
throughout the analysis. Other prices, all of which 
may change relative to those of these numéraire 
goods, are measured in terms of the numéraire 
goods, and are thus called numéraire prices. 


Balanced Technical Progress 


An intuitive grasp of the results is made easiest 
by first considering the case in which a uniform, 
factor-neutral technical change occurs in sectors 
| and 2 together. Percentage changes in selected 
endogenous variables resulting from a uniform 
10% increase in the productivity of all factors 
in agriculture are reported in columns (1) to (5) 
of table 5. For prices, the real changes reported 
are obtained by dividing changes in numéraire 
prices by the GDP-share-weighted sum of 
changes in commodity prices. These will be 
called changes in deflated prices. 

In the balanced technical change case, sectors 
1 and 2 have equal access to new technology. 
Output and factor demands rise in both sectors 
as the result of technical progress. Because pro- 
ducers in sector 1 (irrigated agriculture) are more 
price responsive than their counterparts in sector 
2 (unimigated agriculture) (Coxhead), output and 
associated factor demands rise by somewhat more 
in the former than in the latter. At constant out- 
put prices (column 1), the additional factor de- 
mand in agriculture is met by drawing capital 
and labor out of services and manufacturing. Real 
prices of the mobile factors rise accordingly, with 
the. greater increase accruing to labor, because 
that is the mobile factor used relatively inten- 
sively in agriculture. Real returns to fixed fac- 
tors in the expanding agricultural sectors rise by 
more than the amount of the technical change 
(as predicted for lower-dimensional models by 
Jones), while returns to fixed factors in other 
sectors fall as increases in mobile factor prices 
reduce profitability. At constant output prices, 
the technical change shock raises the incomes 
of the owners of factors used relatively inten~ 
s.vely in agriculture, labor and land, with the 
greatest share of the increases captured by own- 
ers of the factors in least elastic supply. Thus, 
among the households, the greatest real gains 
are won by landlords, with lesser gains to farm- 
ers (who own some land, labor, and capital), 


Coxhead and Warr 


Technical Change, Land, and Income 353 


Table 5. Effects of Neutral Technical Change Shocks in Agriculture (%) 





Balanced Growth (T; = T; = 10.0) 


Unbalanced 
Resource Movement Effect Growth 
Factor Real Total Resource (Ti = 10.0) 
Markets Apprec’n Movement Spending Total Total 
Endogenous Effect Effect Effect Effect Change Change 
Variable (1) (2) (3) = (1) + (2) (4) (5) = (3) + 4) (6) 
Labor demand 
Agriculture 1 3.50 —0.28 ee =3.6) —0.40 1.85 
Agriculture 2 0.76 —0.07 0.69 =1.00 —0.31 —0.68 
Services =1.32 0.49 —0.83 6.36 5.53 2.74 
Manufacturing —1.88 —0.36 —~2.24 oa a 8 hoa —3,93 
Capital demand 
Agriculture 1 4.55 =0.33 4.22 ~4.18 0.04 2.24 
Agriculture 2 0.58 —0.03 0.55 —0.38 0.17 —0.20 
Services —0.69 1.05 0.36 13.51 13.87 6.82 
Manufacturing —0.49 ~-0.66 1215 —8.59 —9,74 —5.25 
Product supply 
Agriculture 1 14.86 —0.28 14.58 =3.49 11.09 13.22 
Agriculture 2 11.60 —0.07 11.53 —0.90 10.63 —0.61 
Services —1.47 1.02 —0.45 13.20 12.75 6.29 
Manufacturing —1.47 ~0.64 =2.11 —8.22 ~ 10.33 5.47 
Deflated prices 
Labor 1.86 0.03 1.89 0.35 2.24 1.33 
Capital 1.08 0.00 1.08 0.03 1.11 0.80 
Services 0.00 1.04 1.04 13.39 14.43 7.34 
Fixed factor Í 22.69 —1.58 21.11 ~20.41 0.70 12.31 
Fixed factor 2 18.29 =1.27 17.02 — 16.35 0.67 —10.05 
Fixed factor 3 =3.51 3.43 ~Q.14 44.13 43.99 21.94 
Fixed factor 4 —3.30 —2.12 -5,42 —27.16 cae Ate 8s: ~17.10 
Household incomes 
H1} 1.86 0.41 2.27 5.23 7.50 4.01 
H2 =217 2.53 0.36 32.59 32.95 16.52 
H3 —1.99 — 1.34 —3.33 — 17.32 —20.65 — 10.80 
H4 11.89 —0.66 11.23 —8.50 24 7.48 
H5 11.41 —0.63 10.78 ~&8. II 2.67 —4.78 
H6 7.80 -0.01 7.79 —0.07 Vole 7.67 
H7 8.28 — 0.04 8.24 —0.46 7.18 —0.07 


Note: For full details of simulation results see Coxhead and Warr (1989). 


and considerably lower gains accruing to labor- 
ers. 

The second component of the resource move- 
ment effect is the real appreciation effect, shown 
in column 2 of the table. Relative to all com- 
modity prices, the price of the nontradable rises 
by a little more than 1%. This rise ‘in profit- 
ability in the nontradable sector draws mobile 
factors away from other sectors: the demand for 
capital and labor rises in sector 3 and falls in all 
other sectors. Output in the nontradables sector 
recovers about half of the ground lost from fac- 
tor market adjustments: having fallen by 1.47%, 
the rise in P, reduces the decline in output to 
—0.45%. The deflated return to the specific fac- 
tor in sector 3, which was cut by 3.57% by the 
factor market adjustments, rises as the result of 
real appreciation by 3.43%: the net impact of 


the resource movement effect on the return to 
this factor is thus virtually zero. This result stands 
in contrast to that for the manufacturing sector. 
De-industrialization takes place both directly 
through the movement of factors into agriculture 
and indirectly through the real appreciation. 
Output in sector 4 falls by 2.11% as the result 
of the resource movement effect of the shock. 

In real terms, the rise in nontradables’ price 
resulting from the resource movement effect has 
no effect on wages or returns to mobile capital 
but raises the return to the factor specific to the 
nontradables sector. As the zero pure profit con- 
ditions require, the change in P, is “trapped be- 
tween,” i.e., is a factor share-weighted average 
of, changes in the prices of factors used in the 
production of nontradables. 

Real changes in household income are ob- 
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tained by deflating numéraire incomes by 
household-specific commodity price indices. On 
its own, the real appreciation component of the 
resource movement effect redistributes some of 
the incremental income derived from the tech- 
nical progress away from agriculturalists to- 
wards the owners of the factor specific to non- 
tradables: the real incomes of households in the 
group H3 rise. Laborers also gain. Rises in re- 
turns to their endowments of mobile capital are 
insufficient to offset the losses experienced by 
landlords and the owners of the specific factor 
in manufacturing. 

The spending effect boosts output and factor 
demand in nontradables primarily at the expense 
of the manufacturing sector, although agricul- 
tural factor demands and output levels also fall 
slightly. Increased demand raises the real price 
of nontradables by 13.4%, considerably more 
than the rises in returns to mobile factors and 
more than ten times greater than the real appre- 
ciation associated with the resource movement 
effect. This contributes to a final outcome for 
deflated factor returns, which confirms a rise in 
wages (2.24%) about double that in returns to 
mobile capital (1.11%). A large rise in the re- 
turn to the factor specific to nontradables from 
the spending effect yields an overall rise in that 
factor’s real price of 44%. Real returns to man- 
ufacturing’s specific factor fall by 33%. Of 
greatest interest is the impact of the spending 
effect cn real returns to agricultural land: the gains 
from toe technical change shock are virtually 
cancelled by subsequent changes in mobile fac- 
tor prices and in the price of nontradables. 


Unbalanced Technical Progress 


In the developing countries of Asia, a dispro- 
portionately large part of public investment in 
agricultural research and extension has been di- 
rected toward the improvement of agricultural 
productivity in irrigated areas. The rate of tech- 
nical progress in these areas has consequently 
been much greater than that in areas without ac- 
cess to irrigation (David and Otsuka). The 
changes in prices and incomes resulting from a 
technical change shock restricted to one agri- 
cultural region (sector 1) are shown in column 
6 of table 5. Most of the additional income gen- 
erated directly by the technical progress is cap- 
tured by landowners in sector 1, especially by 
landlords. As in the balanced growth case, the 
spending effect substantially increases profit- 
ability in the nontradable sector. In sector 2, ris- 


Amer, J. Agr. Econ. 


ing factor prices reduce profitability, driving 
down output and the rents paid to sector-specific 
land. The real appreciation, the indirect com- 
ponent of the resource movement effect, ap- 
pears to all agricultural producers as a fall in the 
price of their output relative to the general com- 
modity price level. Without the opportunities for 
unit cost reductions provided by the new tech- 
nologies, this further reduces profits and output 
in the lagging agricultural sector. Moreover, the 
operation of the spending effect on the demand 
for nontradables spurs further factor price rises 
and another reduction in the relative price of farm 
produce, and so further reduces profits in sector 
2. These losses inflicted on the lagging agri- 
cultural sector by its lack of access to new tech- 
nologies are not captured by most empirical par- 
tial equilibrium analyses. 


Unbalanced Growth and the Distribution of 
Income 


The functional income distribution. The changes 
in real factor returns shown in table 5 enable us 
directly to compare changes in real income be- 
tween the owners of sector-specific land endow- 
ments in the two agricultural sectors. A second 
comparison of interest in developing countries 
is between the income of labor and the aggre- 
gate return to land. Because labor is mobile be- 
tween sectors, it is appropriate to compare the 
change in its income with the change in income 
accruing to all agricultural land, rather than to 
land in a single sector. Changes in the aggregate 
return to land are calculated as the weighted av- 
erage of changes in land prices in sectors 1 and 
2, calculated from columns 5 and 6 of table 5. 
The weight used is @, the value of production 
in irrigated areas as a proportion of the total value 
of agricultural production. In 1980, the refer- 
ence period of the Philippine data used in sim- 
lations, the value of 0 was 0.2087. 

When both agricultural sectors grow, the dif- 
rerence between sectors ] and 2 in the changes 
in real returns to land is negligible. The 8- 
weighted average of these changes, the per- 
centage change in the aggregate return to land, 
is calculated as 

Zase = 9(0.70) + (1 — €)(0.67) = 0.68. 


agg 


Under unbalanced growth the gap is naturally 
much wider, composed not only of an increase 
in the real return to land in sector 1 but also of 
a fall in the real return to land in sector 2. Con- 
sequently, if growth is unbalanced the change 
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in aggregate returns to land is actually negative: 


Zaeg = 0(12.31) + (1 — 6)(— 10.05) = —5.38. 


a8 


These results are summarized in column 1, rows 
l and 2, of table 6. The second column of the 
table shows that when the rate of technical prog- 
ress is uniform in both sectors, owners of land 
lose slightly relative to laborers. At 1.56%, the 
difference between changes in land and labor re- 
turns is small enough for the effect of balanced 
growth to be described as neutral with respect 
to the labor-land distribution of income. When 
technical progress occurs only in sector 1, how- 
ever, labor gains relative to landowners: sub- 
tracting the aggregate landowners’ loss from the 
1.33% rise in labor income yields a margin of 
6.71%. 

The mobility of labor, combined with the fact 
that labor gains from both the factor and product 
price components of the resource movement ef- 
fect as well as from the spending effect, ensures 
that among factors employed in agriculture, la- 
bor captures a substantial share of the total gains 
from the factor-neutral technical progress. 
Whether or not labor gains relative to capital de- 
pends on the relative factor intensities of the 
sector experiencing technical progress and of the 
sector producing nontradables, and on the rate 
at which each sector grows. Under balanced 
growth in the labor-intensive agricultural sec- 
tors, the increase in labor demand is much greater 
than that of capital; wages thus rise relative to 
capital’s price. When only sector 1 experiences 
technical progress the relative wage rise is halved, 
to 0.53%. 

Analyses of technical progress which con- 
sider only the distribution of gains among fac- 
tors employed wholly within agriculture ignore 
the impact of the spending effect on factor price 
relativities. That this omission can result in 
completely different interpretations of the dis- 
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tribution of factor incomes following technical 
progress is evident from rows 3 and 4 of table 
6, which show changes in relative factor prices 
resulting only from the resource movement, or 
direct effect, of the technical change shock. 
Column 2 of the table shows that on its own, 
the resource movement effect reduces wages 
relative to land rents by 16% if growth affects 
both agricultural sectors and by 2% if it is re- 
stricted to sector 1. In Quizon and Binswanger’s 
(1986) model of agricultural growth in India, 
nonagricultural production and technology are 
by assumption exogenous, which implicitly re- 
quires that agricultural growth has no effect 
through backward or forward linkages on factor 
demand in other sectors. Their finding that tech- 


nological improvements in agriculture do less to 


improve the incomes of India’s rural poor than 
do increases in nonagricultural employment 
(Quizon and Binswanger 1986, p. 105) must be 
evaluated in the light of their assumption that 
labor markets are dualistic in structure.° 


The household income distribution. The 
household distribution of income is found by 
mapping the functional distribution onto the pat- 
tern of asset ownership by which household 
groups are defined. Under balanced agricultural 
growth, landlords in sectors 1 and 2 experience 
similar rises in real income, as do the two smail 
farmer groups (table 5, column 5). In the un- 
balanced growth case, sector 2’s landlords and 
farmers lose in real income because of the fall 
in returns to their land (column 6). As with fac- 
tor returns, it is relevant to contrast the house- 


6 Among the strongest backward and forward linkages of agri- 
culture in developing countries are those to rural-based, labor-in- 
tensive activities with a high nontradables component. These in- 
clude grain milling, food processing, transport and storage, input 
supply and small-scale implement manufacture and supply. 


Table 6. Comparative Changes in Factor Returns from Neutral Technical Progress (%) 


Land Price Ratio 
(zi — 25) 


(1) 


Total effect of technical change shock 
Balanced growth 0.03 
Unbalanced growth 22.34 
Resource movement effect only of technical change shock 
Balanced growth 4.09 
Unbalanced growth 24.57 


Wages Relative Wages Relative 


to Aggregate to Capital 
Land Price Price 
(wW — Zage) (w — r’) 
(2) (3) 
1.56 1.13 
6.71 0.53 
— 15.98 0.81 
—2.04 0.38 
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hold income changes experienced by laborers 
against those of landlords and farmers in sectors 
i and 2 together. The change in the real income 
of equivalent groups in both agricultural sectors 
is computed as the #-weighted sum of changes 
in real income of each household group. These 
comparisons are shown in table 7. 

In the balanced technical progress experiment 
real returns to land, labor} and capital all rise.’ 
Table 7 shows that farmer households, whose 
endowment bundles include some of each fac- 
tor, gain income relative to laborers and also 
relative to landlords, who own land and mobile 
capital. Landlords lose income relative to la- 
borers. When technical progress is restricted to 
sector 1, however, the gains of laborers relative 
to both farmers and landlords are positive, even 
though they lose relative to landlords and farm- 
ers in sector 1, because of the losses incurred 
by landlords and farmers in sector 2. 

Income distribution between households own- 
ing factors employed in agriculture appears quite 


7 In table 5, column (5), the real prices of both mobile factors 
are seen to rise following a factor-neutral technical change shock. 
This harmony of the interests of labor and capital contrasts with 
the conflict implicit in models with fewer specific factors (see Cass- 
ing, and Warr, and Corden and Neary). We can summarize the 
preconditions for such a result. If factor supply elasticities are equal, 
then for the change in the wage-rental ratio w'—r' to be unambig- 
uously positive (negative) requires that both the sector experiencing 
technical progress and the sector producing nontradables, which 
grows as a result of the spending effect, be labor-intensive (capital- 
intensive) in terms of the two mobile factors. In this simulation 
model sector 1, the so-called “booming” sector, is labor intensive 
relative to capital. The resource movement effect of the technical 
progress thus raises w’—r’. Sector 3, however, is capital intensive 
relative to labor, so the spending effect lowers w’—r’. When the 
general equilibrium effects of the technical progress “boom” are 
taken intc: account, the interests of owners of the mobile factors 
are not opposed. Rather, their combined interests are in opposition 
to those of the owners of specific factors because any rise in spe- 
cific factor endowments raises w and r relative to all specific factor 
prices and vice versa. 
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stable when rates of (neutral) technical progress 
are equal in both agricultural sectors. The rel- 
ative gains of landowners from the resource 
movement effect are offset by gains accruing to 
owners of mobile factors when the spending ef- 
fect is taken into account. Under unbalanced 
growth, disparities in income changes within each 
sector are greater; for example, laborers lose 
substantially relative to landlords in sector 1. This 
is so primarily because the spending effect, and 
consequent increases in labor demand and re- 
ductions in the real price of agricultural output, 
is much smaller relative to the balanced growth 
case. 

These distributional results illustrate an im- 
portant feature of the general equilibrium ap- 
proach to the distribution of gains from tech- 
nical progress. Partial equilibrium models and 
some “limited” general equilibrium models 
(Quizon and Binswanger 1986) attempt to cap- 
ture the effects of changes in relative prices by 
assuming that the demand for agricultural output 
is price inelastic. This approach fails to take ac- 
count of the effects on nonagricultural produc- 
tion and factor demand resulting from changes 
in the prices of intersectorally mobile factors. 
The true general equilibrium impact of technical 
change is thus captured only partially through 
commodity prices. The effects of changes in 
mobile factor prices are also important for the 
results in agriculture. By contrast with partial 
equilibrium approaches, in a properly specified 
general equilibrium model demand for the good 
produced in the sector experiencing technical 
progress need not be inelastic in order for the 
greater part of the gains from growth to be cap- 
cured by groups other than owners of. factors 
specific to that sector. It is sufficient that the 
mobile factors used in the expanding sector are 
also used to produce another commodity (in this 


Table 7. Comparative Changes in Real Household Incomes from Neutral Technical Prog- 








ress (%) 
Balanced Asymmetric 

Income Gains of: Relative to: Growth Growth 
Laborers (H1) Landlords 1 (H4) 4.77 —3.47 
Laborers Landlords 2 (H5) 4.83 8.79 
Laborers All landlords 4.82 6.23 
Laborers Farmers 1 (H6) —0.22 —3,.66 
Laborers Farmers 2(H7) —0.28 4.08 
Laborers All farmers —0.27 2.47 
Farmers £ Landlords 1 4.99 0.19 
Farmers 2 Landlords 2 5.11 4.71 
All farmers All landlords 5.09 3.76 
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case, nontradables) whose price is endogenous 
and responsive to changes in domestic demand. 
The inflation of this price caused by income ef- 
fects arising from the technical progress and re- 
sulting factor market adjustments is sufficient to 
reduce the real price of the good produced in 
the expanding sector. 


Biased Technical Change 


Equations (4) describe the constant-price effects 
of a technical change which substitutes capital 
for labor with no increase in output.* Column 2 
of table 8 summarizes the total change in prices 
and incomes from both the resource movement 
and spending effects of such a shock. The sub- 
stitution of capital for labor in sector 1 results 
in a real wage decline of 1.67%, in spite of the 
substitution of labor for capital in all other sec- 
‘tors. Sectors facing elastic demand for their out- 
put (1, 2, and 4) benefit from falling (deflated) 
wages, and their outputs rise slightly.” House- 
holds owning only labor lose from the labor- 
saving change: their real incomes fall by 1.49%. 
Farmers in sector 2 also derive much of their 
income from labor, and, because they do not 


® Recent Philippine examples of this type of change include the 
mechanization of land preparation (Sison, Herdt, and Duff; McCoy) 
and of rice threshing (Hayami and Kikuchi); and direct seeding, 
which is the substitution of herbicides for transplanting and weed- 
ing labor when the rice crop is established by broadcasting seed 
instead of transplanting (Moody and Cordova). 

° Full details of changes in factor demand and commodity supply 
are reported in Cexhead and Warr. 
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benefit as landowners from technical progress in 
sector 1, their real incomes fall slightly. House- 
holds not dependent on labor experience small 
rises in real income. For sector 1 farmers, the 
gains from rises in land returns just offset losses 
in their labor incomes. Because laborers and small 
farmers comprise most of the low-income fam- 
ilies in developing countries, a labor-saving, 
capital-using technical change bias must lead to 
a worsening income distribution. 

In the second nonneutral component of tech- 
nical progress considered in table 8, labor is 
substituted for land. Declining per capita avail- 
ability of arable land in the Philippines has 
spurred the adoption of a range of technologies 
which economize on its use. Irrigation and high- 
yielding grain varieties rely on substantial in- 
creases in the per hectare inputs of both labor 
and intermediate goods. Column 3 of table 8 re- 
ports the total changes in prices and incomes 
following the labor-using, land-saving shock 
described by equations (5). Because both mo- 
bile factors are complementary with land and the 
effective land area has been increased by the 
shock, real wages as well as returns to mobile 
capital increase. Because the change is labor us- 
ing, wages increase substantially relative to cap- 
ital’s price (the difference is 2.44%), and real 
returns to fixed factors are greatly reduced. To- 
gether, these results ensure a strongly positive 
effect on income distribution, given that labor- 
ers and small farmers are the poorest household 
groups in the economy. Laborers’ real incomes 
rise by 5.38%, and those of small farmers in the 
lagging sector rise by 0.69%. 


Table 8. Effects of Neutral and Nonneutral Technical Change Shocks in Sector 1 





Factor-Neutral 
Endogenous (Ti = 10.0) 
Variable (1) 
Prices 
Labor 1.33 
Capital 0.80 
Services 7.34 
Fixed factor 1 12.31 
Fixed factor 2 — 10.05 
Fixed factor 3 21.94 
Fixed factor 4 —17.10 
Household incomes 
H1 4.01 
H2 16.52 
H3 —10.80 
H4 7.48 
HS —4.78 
H6 7.67 
H7 —0.07 


Labor-Saving, Labor-Using, 
Capital-Using Land-Saving 
(A; = 10.0) (A; = 10.0) 
(2) (3) 
~1.67 5.08 
0.22 2.64 
0.50 0.83 
0.57 —7.34 
0.69 5.99 
3.68 —6.64 
0.38 10.25 
—1.49 5.38 
2.70 =3.13 
0.39 —6.28 
0.46 =S 
0.57 —2.19 
~0.02 0.74 
“0.13 0.69 
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Some of the qualitative effects of technical 
change are predicted by single-sector or partial 
equilibrium models. For example, virtually any 
such model will predict that land-saving, labor- 
using technical change in agriculture will pro- 
duce a redistribution of income from landlords 
to laborers (e.g., Ahammed and Herdt). Other 
important effects, in particular those involving 
intersectoral linkages, will be missed by these 
modeis. A good example is the dramatic fall in 
returns to land in sector 2 resulting from the ef- 
fect on factor prices of technical change in sec- 
tor 1. 


Empirically Estimated Technical Change 
Shocks 


Values of technical change parameters appear- 
ing in the above model have been estimated from 
Philippine agricultural data (Coxhead). The es- 
timates reveal a strong land-saving, fertilizer- 
using bias and fairly rapid overall rate of tech- 
nical change in irrigated environments, and a 
much slower rate of technical change with cor- 
respondingly smaller biases in unirrigated en- 
vironments. These values (shown in table 9, 
scaled to simulate an exogenous 10% technical 
change shock) were employed in additional ex- 
periments. The results, summarized in table 10, 
bear a close resemblance to the hypothetical ef- 
fects of a neutral shock restricted to sector 1, as 
shown in column (6) of table 5. The spending 
effect, and the real appreciation component of 
the resource movement effect are less important 
in determining distributional outcomes than are 
the factor market adjustments associated with the 
shocks. Because the overall rate of technical 
progress in sector 2 is so low, real returns to 
owners of sector 2 land fall dramatically. Real 
mobile factor prices rise, with w’ exceeding r’ 
by 1.8%. The magnitude of the land-saving bias 
ensures that the real incomes even of sector 1 
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landlords fall relative to laborers’ incomes. La- 
borers’ incomes rise by 11.14% relative to ag- 
gregate landlords’ incomes, and by 5.7% rela- 
tive to all farmers’ incomes. 

Considered separately from contemporary 
changes in factor endowments and from changes 
in relative prices arising from other sources, the 
direction of technical change in Philippine ag- 
riculture appears to have brought relatively greater 
benefits to poorer groups (farmers and laborers), 
and thus to have exerted a positive influence on 
income distribution. This is so in spite of a clear 
worsening in the profitability of production in 
sector 2; the losses in that sector are absorbed 
by households owning sector 2-specific land in 
proportion to their ownership of it. Sector 2’s 
landlords lose heavily, and the incomes of farm- 
ers in poor agricultural areas fall relative to those 
of laborers and of farmers in well-irrigated areas. 


Conclusion 


This paper has explored the short-run income 
distributional effects of technical change in ag- 
riculture with the aid of a small, stylized general 
equilibrium model. The model distinguishes be- 
tween commodities which are traded interna- 
tionally znd those which are not, between fixed 
and mobile factors of production, and between 
technical changes of different factor biases. An 
important feature of the model is that it also dis- 
tinguishes between groups of agricultural pro- 
ducers with and without access to resources 
complementary with the new technology, no- 
tably irrigation. 

The simulations of the general equilibrium ef- 
fects of technical change drew attention to the 
Tact that the interests of owners of fixed factors 
do not necessarily coincide; returns to different 
fixed factors, or to the same fixed factor used 
m different sectors, may, and frequently do, move 
in different directions. It is well known that in 


Table 9. Values of Empirical Technical Change Shocks 





Land Labor Fertilizer Overall Rate 
Sector A! Ax T’ 
Agriculture 1 14.826 6.265 —1.91! 7.645 
(irrigated) 
Agriculture 2 1.031 —1.164 —0.019 0.267 
(nonirrigated) 





Source: Computed from estimates in Coxhead (1989). 


Note: For factors i = Z, L, K, Af > 0 implies that at constant prices and output, technical progress has increased the productivity of 


(i.e., has “saved”) factor i. 
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Table 10. Effects of a Technical Change Shock with Empirically Estimated Technology Re- 


sponse Parameters 


Resource Movement Effect 





Factor Real 
Endogenous Markets Apprec’n 
Variable (i) (2) 
Prices 
Labor 4.99 0.08 
Capital 3.32 0.01 
Services 0.00 2.94 
Fixed factor 1 12.67 —4.48 
Fixed factor 2 —4,12 —3.59 
Fixed factor 3 —9,98 9.69 
Fixed factor 4 —9,.42 —5.96 
Household incomes 
Hi 4.99 1.15 
H2 —5.99 7.15 
H3 —5.60 —3.80 
H4 7.99 —1.86 
H5 =] 15 —1.78 
H6 6.63 —0.02 
H7 1.01 —9.10 


small open economies the interests of farmers 
are hurt by increases in manufacturing protec- 
tion, so to find that technical progress in agri- 
culture may injure producers elsewhere is not 


surprising. In the case of landowners in agri-- 


cultural sectors not experiencing technical change, 
their losses as a result of technical progress else- 
where will prompt efforts to adopt similar tech- 
nological innovations for their own farms, as has 
been pointed out by Quizon and Binswanger 
(1983). In practice, however, their gains from 
adoption are constrained by the lack of comple- 
mentary inputs such as irrigation. In the Phil- 
ippines, the adoption rate of modern rice vari- 
eties in rainfed lowland and upland areas is the 
highest in Asia. In spite of this, rainfed rice yields 
have grown only very slowly. 

The results of this study point to three critical 
issues in determining the income distributional 
effects of technical progress. These are the price- 
setting mechanisms for intersectorally mobile 
factors, heterogeneity in the quality of sector- 
specific factors (in this paper, land), and the factor 
biases of technical progress. These three matters 
are precisely those in which the desire for sim- 
plicity in modeling and the weakness of the em- 
pirical base often lead researchers to make de- 
fault assumptions. Factor prices are assumed 
either to be fixed, or to be determined wholly 
within the sector under study. Agricultural land 
is taken to be of homogenous quality, and tech- 
nical change is taken to be neutral with respect 
to factors. The policy relevance of analyses of 


Total RM Spending Total 
Effect Effect Change 
(3) = (1) + (2) (4) (5) = (3) + (4) 
5.07 0.10 5.17 
3.33 0.01 3.34 
2.94 3.95 6.89 
8.19 —6.03 2.16 
—7.71 -4 84 —12.55 
—0.29 13.04 12.75 
— 15.38 —8.03 —23.41 
6.14 1.55 7.69 
1.16 9.64 10.80 
~9.40 —~5.11 —14.5] 
6.13 ~2.51 3.62 
— 2.93 —2.39 =S 
6.61 -0.02 6.59 
0.91 —0.14 —0.77 


the welfare and distributional impact of techni- 
cal progress or equivalent changes would be en- 
hanced by increased attention to these important 
issues. 


[Received September 1989; final revision 
received August 1990.] 
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Modeling Agricultural Growth 


Multipliers 


Steven Haggblade, Jeffrey Hammer, and Peter Hazell 


Agriculture’s potential as an engine of third world growth depends, in large part, on the 
size of the production and consumption linkages it stimulates in rural regions. Current 
estimates of agricultural growth multipliers within rural regions vary widely, not only 
because economic structures differ across regions but also because the array of fixed- 
price models most commonly used embody widely differing basic assumptions. Among 
fixed-price models, the semi-input-output formulation projects the most plausible 
multipliers. But even they overstate the magnitude of growth multipliers by 10% to 
25% according to the price-endogenous model developed here. 


Key words: agricultural development, growth, multipliers. 


Studies of the indirect consequences of the green 
revolution place regional agricultural income 
multipliers anywhere between 1.3 and 4.3. That 
is, a one dollar increase in technologically in- 
duced agricultural income generates an addi- 
tional $0.30 to $3.30 in other sectors of a rural 
region (Ahmed and Herdt; Bell, Hazell, and 
Slade; Haggblade, Hazell, and Brown; Krishna; 
Little and Doeksen; Mirakhor and Orazem; 
Haggblade and Hazell). Although variations in 
economic structure across regions explain part 
of this wide range, differences in models and 
their assumptions may account for a greater share 
of the discrepancy. 

And the magnitudes matter. Debate over ag- 
riculture’s potential as an engine of third world 
growth hinges on the magnitude of the produc- 
tion and consumption linkages it generates 
(Hirschmann, Johnston and Kilby, Mellor). The 
linkages also play a central role in evaluating 
the equity implications of agriculture-led growth 
(Mellor and Johnston). In addition to their con- 
siderable dispersion, existing multiplier esti- 
mates may be overoptimistic. The models used 
to date—-input-output, economic base and semi- 
input-output models—compute Keynesian de- 
mand-driven multipliers. All assume a perfectly 
elastic supply of nontradables. But if nontrad- 
able supply is not perfectly elastic, shifts in de- 
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mand will lead to higher prices and a reduction 
in estimated quantity increases (fig. 1). A price- 
endogenous model is required to capture these 
price effects and the resulting dampening of 
growth multipliers. 

This paper aims to help quantify more pre- 
cisely the magnitude of agricultural growth mul- 
tipliers. It does so in two ways. First, the paper 
reviews the array of fixed-price models pres- 
ently in use. It explores how they are related and 
examines analytically why they produce differ- 
ent multiplier estimates, even for identical econ- 
omies. Second, it introduces a price-endoge- 
nous model that relaxes two key simplifying 
assumptions of the current fixed-price models: 
(a) it accommodates an upward-sloping supply 
curve for nontradables, and (b) it allows for sub- 
stitution among inputs rather than insisting on 
fixed-coefficient Leontief production technol- 
ogy. The price endogenous mode] is then used 
to estimate the dampening effect of an upward- 
sloping supply of nontradables and to examine 
the consequences of input substitution for agri- 
cultural growth multipliers. To facilitate com- 
parison, the paper applies the full complement 
of fixed-price and price-endogenous models to 
three specific rural regions to illustrate how dif- 
ferences in model assumptions affect multiplier 
estimates. 


Fixed-Price Models 


Most multipliers to date have been estimated us- 
ing fixed-price models: economic base (EB), in- 
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put-cutput (I-O) and semi-input-output (S-I-O) 
models. To compute these multipliers, fixed-price 
models classify economic activities as tradable 
(T) or nontradable (N) according to the region’s 
trade possibilities with the larger national econ- 
omy and the rest of the world. For rural regions 
in developing countries, agricultural food grains 
or cash crops usually constitute the major trad- 
able commodity, while nontradables usually in- 
clude perishable agricultural goods such as fruits 
and meats, rural nonfarm services, and many rural 
manufactured goods. 

All fixed-price models share three common 
assumptions. First, they view increased produc- 
tion of tradable goods as the driving force in 
regional economic growth. Second, they each 
model production as fixed-coefficient Leontief 
technology. And, third, they assume constant 
prices for both tradable and nontradable output. 

To justify the constant output price for non- 
tradables, practitioners invoke the supply-side 
assumptions of fixed technical coefficients, per- 
fectly elastic supplies of inputs and conse- 
quently of output. These assumptions may be 
reasonable in regions where excess capacity and 
seasonality of labor demand in agriculture allow 
a highly elastic supply response much of the year. 
But, where labor supply is tight or short-run ca- 
pacity constrains, the fixed-price assumption for 
nontradables becomes more tenuous. For trad- 
ables, on the other hand, modelers defend fixed 
prices on the grounds that they are modeling 
small, open, regional economies which face a 
constant, externally determined export price. 

The major distinction among fixed-price 
models lies in their assessment of what con- 
strains tradable output. While the input-output 
model portrays tradable output as demand-con- 
strained, the semi-input-output and economic base 
models maintain that tradable output is limited 
by rigidities on the supply side; that is, by avail- 
able resources and technology which limit out- 
put. 

Rather than following the chronological order 
of their development, from EB to I-O to S-L-O, 
the following discussion begins with the semi- 
input-output model. It serves as the reference 
standard because, within the limitations of fixed- 
price models, we believe it most closely ap- 
proximates the reality of third world agriculture. 
Its supply-constrained view of farm output ac- 
cords with the frequent technological, land, or 
water constraints experienced in most develop- 
ing country agriculture. By comparison, the in- 
put-output view that farmers can increase output 
in unlimited amounts at constant cost strains 
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credulity in a world where so many go hungry. 
Consequently, we begin with the most realistic, 
the semi-input-output model, and then show how 
the others are variants or special cases of it. 
Although the S-I-O and I-O models allow un- 
limited disaggregation of tradable and nontrad- 
able activities, such disaggregation merely adds 
to the numerical precision of the estimated mul- 
tipliers rather than to any conceptual under- 
standing.’ The following description, therefore, 
proceeds using a two-sector framework, be- 
cause this greatly simplifies the exposition. 


Semi-Input-Output Models (S-I-O) 


(i) Full two-sector S-I-O. The semi-input-output 
model developed by Bell and Hazell describes 
a rural economy in which regional gross output 
of tradable commodities (T) is fixed by resource 
or technology constraints at T. As in all fixed 
price models, the S-I-O assumes that nontrad- 
able output (N) is perfectly elastic. Its output 
level is, therefore, determined by local demand. 
Demand includes household consumption de- 
mand for nontradables (H,„), regional producer’s 
intermediate demands for nontradables (D), 
government expenditure on nontradables (G,) and 
regional investment demand for nontradables (/,,). 
Equations (1) through (6) spell out these basic 
relationships more fully. 


Gd). =f 


(2) N =H,+D,+G,+J, 
nontradable output, 


tradable output, 


3) H, = Yn F Pn (Y ai L) 
household consumption demand for N, 


(4) Dy = apl + AyaN 

intermediate demand for N, 
(5) L =sY 

M income leakages, 
(6) Y =v, N+ vT 


“ncome definition. 


Household consumption expenditure on non- 
tradables increases linearly with income (Y) and 
depends on the rate of income leakage (L) to 
savings and taxes, the marginal share of total 
expenditure directed to nontradables (f,,), and a 
consumption function intercept (y,). Leakages 
are assumed a constant proportion (s) of total 
income. Assuming Leontief technology, inter- 


! The economic base model, on the other hand, does not accom- 
modate disaggregation beyond two sectors. 
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mediate demand for nontradables remains a con- 
stant proportion (a;) of sectoral gross output, 
where a, denotes intermediate deliveries from 
sector i to sector j. The model further assumes 
that government and investment expenditures are 
exogenous at G, = G, and J, = J,. Finally, the 
model defines household income (Y) as a con- 
stant share of gross output (v,) in each sector, 
where j = T, N. 

Because the model imposes no balance of 
payments constraint, there is no need to keep 
track of regional tradable consumption by 
households or firms. As local consumption var- 
ies, exports adjust to equate regional supply and 
demand, and the model’s solution is not af- 
fected. 

Collecting terms in equations (1) through (6), 
the model can be written in matrix form, as 


i - ~ am — pa — s) E 


| Kat amT 
vT 


where K, = Y, + G, + J,. The region’s income 
depends on T and the model parameters, as the 
solution to (7) indicates: 


[Cl — Gy,)¥, + annl T + v,Ky 


l — Ga, — Bnn Cl — $) 

Suppose that investment or technological 
change in agriculture enables the region to in- 
crease its output of tradables. What will be the 
multiplier impact on the region’s income? The 
answer depends on how the new technology or 
investment affects the production function for 
tradables. At a general level, a,,, V, and T can 
all be postulated to be functions of 0, a tech- 
nology shift parameter. In this case, d(Tv,)/d6 
measures the initial change in income in trada- 
bles production, and dY/d@ measures the change 
in regional total income as a result of the change 
in technology. The conventional value-added 
multiplier, which measures the increase in re- 
gional value added given a one-unit increase in 
value added from tradable output, is then ob- 
tained from (8), as 


(8) Y= 


dY /d6 


a = a(Tv,)/d6 
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mediate inputs per unit of output. Investments 
that simply overcome fixed factor constraints 
could have this effect; examples are land recla- 
mation or additional irrigation in the absence of 
improved crop varieties. Under these condi- 
tions, dv,/d@ and da,,/d@ equal zero, and (9) re- 
duces to 


1 — Gyn + Aa(¥,/V 
a ae (v/v) 
|e es 2 (1 — s) 
a. dY 
v dT 


To simplify the presentation, we shall consis- 
tently adhere to this more restricted type of tech- 
nological change. This is also consistent with 
many applied studies that use S-J-O, EB, or I- 
O models. However, it should be clear that all 
the models presented can readily be expanded 
to accomodate more general forms of techno- 
logical change. 

The multiplier captures the combined effects 
of interindustry linkages and the households’ fi- 
nal demand linkages. To separate the two, it is 
only necessary to solve a variant of the model 
in which £,, is set equal to zero. Household con- 
sumption expenditure then becomes constant and 
the derived multiplier will be due entirely to 
production linkages. Modifying (10) in this way 
and simplifying, the production multiplier (/,) 
becomes 


1 = am + anaf Y) 


(11) M, eae 


(ii) Hazell’s simplified S-I-O. Hazell has de- 
veloped a simplified version of the S-I-O model 
by assuming a,, = Au = a, and yv, = v, = v. 
These assumptions, not unreasonable for many 
developing country regions, reduce the S-I-O 
parameter requirements from 6 to 4.* The mul- 
tiplier in this case becomes 


j 


OO a ~ Badd — 5) 


[CL = am) OV,/06 + V,04n,/ 30] T + [C1 — ann) Y, + apn] OT /00 
[1 — a, — B,v,(1 — s)][v,T/a6 + Tav,/d6] 


A much simpler case arises if increases in 
tradable output do not change the use of inter- 


? It reduces the required parameters to three if, as in Hazell’s 
original formulation, the leakage ratio (s) is ignored as well. 
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while the production linkages alone are 


(13) M, = 


La, 


The Economic Base Model (EB) 


The economic base (EB) model reduces data re- 
quirements still further. It estimates growth 
multipliers from a single parameter. Because of 
its extreme simplicity, the EB model has long 
proven popular, especially among practitioners 
in urban economics and in regional science 
(Richardson). 

The model refers to a region’s tradable sector 
as its economic base, the output of which, as in 
the S-I-O model, is constrained at 7.* As with 
all fixed-price models, the economic base (EB) 
model assumes that nontradable output is per- 
fectly elastic and determined solely by local de- 
mand. 

The economic base multiplier can be derived 
in two ways. The first derivation, although less 
common, highlights the connection between the 
EB and other fixed-price models. It begins with 
the income equation in (6) and assumes that 
nontradable income, v,N, remains a fixed share 
of total income, Y, that is, 


(14) VN = cY. 
Total income then becomes 

Y=vT +v N=vnT+cY=vnT/A -e 
with a value added multiplier of 


i dy 1 
(15) M=- — = 





l-c 


When compared to its S-I-O counterparts (10) 
and (12), it becomes clear that the economic base 
multiplier is formally identical to the S-I-O. It 
is a special case of Hazell’s S-I-O multiplier 
arising when ; 


(16) c = a, + B,vU — s). 


Because its single parameter, c, incorporates both 


3 North, Tiebout, and many Others assert that T is constrained by 
export demand. But this explanation is not consistent with the 
workings of the model because the model precludes second-round, 
demand-driven increases in T as a result of an initial increase in its 
own output. So, in spite of assertions to the contrary, the EB models 
are formally identical to the S-I-O, and both are founded on the 
assumptior. of supply-constrained tradable output. 
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househoild’s final demand and business pur- 
chases of intermediates, the economic base 
model, unlike the S-I-O and I-O models, cannot 
be used to separate out production from con- 
sumption linkages. 

A second, more common, derivation of the 
EB model leads directly to the operational for- 
mula preferred by practitioners. From (14) it 
follows that tradable income v,T is also a fixed 
share of total income. Its share is (1 ~ c)Y. The 
ratio (k) of nontradable to tradable income is, 
therefore, 


(17) k=y,N/v,T =c/(1 —c). 
Thus, the multiplier in (15) is equivalent to 
(18) M=1+k. 


Practitioners find this version of the multiplier 
attractive because of its effortless computation 
once the income data are obtained. 


Input-Output Models (I-O) 


A closed I-O model with household demand en- 
dogenous differs from the S-I-O model in only 
one respect. It assumes the output of tradables 
is perfectly elastic and is constrained by export 
demand alone. Thus, instead of T = T, the out- 
put of tradables is given by 

(19) T=H,+D,+G,+J,+E, 

where E, denotes the fixed level of exports. Fol- 
lowing an initial spurt in tradable output, the 
model permits 7 to increase still further in suc- 
cessive rounds through increased household (H,) 
and intermediate demand (D,), even though E, 
remains fixed. Because this additional source of 
growth in regional demand cannot occur in the 
5-I-O and EB models, the closed I-O model leads 
inevitably to the largest multipliers. 

Defining household (H,) and intermediate de- 
mand (D, for tradables analogously to nontrad- 
ables demand (2) and (4) results in relationships 
of the following form: 


(20) H,= y + B-L) 


(21) D, = a,T + a,N 


After combining (19)—(21) and their nontrad- 
able counterparts (2)—(4) with the regional in- 
come definition (6), the closed 1-O model can 
te written in matrix notation as 


tn — —- 
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Lea An  —B{1—s5) 11 N 
(22) | -an l-a -B(d-s || 7 
=u, =U l Y 
K, 
=|K,+E, |, 
O 


where K, = y, + G, + J, and K, = y, + G, + 
J, Solving this system and calculating the value 
added multiplier (M) leads to 


1 dY 
(23) M =~ = [1 — am + (Vn/Y}an]/A, 
Vi aL, 


where A = [I — a, — B(A — s)y,][1 — a, — 
Pa — svn) — lam + Bo — s)villdm + BY — 
s)v,,]. 

The numerator of (23) is identical to that de- 
rived from the S-I-O multiplier (10). The mul- 
tiplier differs from the S-I-O multiplier only in 
that the region’s demand for tradables now en- 
ters the denominator. Moreover, because all the 
model coefficients are positive and lie between 
zero and unity, it is clear that A is less than the 
denominator in (10), and hence the closed I-O 
multiplier (23) is indeed larger. 

By fixing the output of tradables rather than 
export demand, the S-I-O is equivalent to the 
closed I-O model when £,, a,,, and a, are set 
equal to zero. The reader can readily verify this 
by substituting these zero assumptions into (23) 
to obtain the multiplier in (10). 

The classic open I-O multiplier in which 
household demand is exogenous can now be de- 
rived by setting B, = B, = O in (23). This leads 
to 


1 = Gyn + An (V/V) 
(1 = anml — Qn) = Aniin 


The only difference between (24) and its S-I-O 
counterpart in (11) lies in the denominator. The 
two production linkage multipliers are identical 
when a, = a, = 0. 


(24) M,= 


Magnitudes 


In practice, estimates of agricultural growth 
multipliers have ranged widely. But, because 
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practitioners rarely apply different models to the 
same data set, it is unclear how much of the 
difference in the multipliers is due to differences 
in modeling approaches and how much arises 
because of variations in the underlying eco- 
nomic structure of the regions studied. 

To provide consistent comparisons of the dif- 
ferent fixed-price models, we apply them all to 
the same three data sets. Table 1 contains social 
accounting matrices (SAMs) for three contrast- 
ing regions: a low-income, subsistence-oriented 
agricultural economy (rural Sierra Leone); a 
middle-income, commercialized agricultural area 
(the Muda River region in Malaysia); and a high- 
income, diversified regional economy (Okla- 
homa state in 1959). In each case, agriculture 
dominates the regional economy. Yet, input in- 
tensity, the level of agroprocessing and trade, 
and the diversification of nonfarm activity con- 
trast widely among the regions. 

The three SAMs provide all but one of the 
parameters required for the fixed-price models.* 
The exception, the marginal budget shares (8s), 
come from household expenditure studies in 
Muda (Hazell and Roell) and Sierra Leone (King 
and Byerlee). The absence of such studies in 
Oklahoma required educated guesses as to the 
B’s based on average budget shares available in 
the SAM. Table 2 displays the fixed-price model 
parameters obtained for each region. 

The empirical results, displayed in table 3, 
suggest four principal conclusions about fixed- 
price multipliers.” First, the I-O model produces 
unrealistically large multipliers. It projects in- 
direct income increments five to ten times as large 
as its S-I-O counterparts. Consider the differ- 
ence in Sierra Leone, where the S-I-O model 
projects $0.35 indirect income from a $1 initial 
injection of tradable income, while the I-O mul- 
tiplier places the indirect increment ten times as 
high, at $3.01. The dramatically different scale 
arises because the I-O model allows an initial 
injection of tradable income to stimulate de- 
mand not only for nontradables but for more 
tradables as well. The resulting I-O multipliers 


* Because equation (5) assumes that the marginal equals the av- 
erage leakage ratio, it, too, is available from the SAMs. 

$ The 1.71 Muda multiplier with 83% consumption linkages re- 
ported in table 3 differs from the 1.83 multiplier with 60% con- 
sumption linkages reported by Bell, Hazell, and Slade. These dif- 
ferences arise because Bell, Hazell, and Siade (a) simulated the 
impact of paddy-driven agricultural growth whereas the estimates 
in table 3 assume an across-the-board increase in the output of all 
tradables, and (b) adjusted the input-output coefficients for tech- 
nological change whereas they are held constant in the table 3 es- 
timates. 
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Table 1. Social Accounting Matrices for Three Regions 
Non- 
Tradables Tradables* 
Rural Sierra Leone 1974/75 
Nontradables 3.0 2.0 
Tradables 0.3 1.0 
Households 23.8 95.0 
Capital eo 
Rest of world’ 2.6 2.0 
(2.6) (2.0) 
Column sums 29.7 100.0 
Value added 23.8 95.0 
Muda Region, Malaysia 1972, 
(millions of Malaysian dollars) 
Nontradables 24.1 26.9 
Tradables 20.1 138.2 
Households 203.5 169.6 
Capital . i 
Rest of world“ 67.8 61.1 
(39.8) (46.1) 
Column sums 315.5 395.8 
Value added 231.4 184.6 
Oklahoma, 1959 (US$ thou.) 
Nontradables 1272 909 
Tradables 725 1,570 
Households 2,302 1,182 
Capital 156 68 
Rest of world® 276 271 
(276) (271) 
Column sums 4,731 4,000 
Value added 2,458 1,250 


House- Rest of Row 
Holds Capital World? Sums 
22.8 1.9 29.7 
64.0 7.6 27.1 100.0 
: - : 118.8 
9.5 9.5 
22.5 : 27.1 
(22.5) (.) (.) (27.1) 
118.8 9.5 27.1 . 
. 118.8 
205.6 42.6 16.3 315.5 
56.9 6 180.0 395.8 
5.9 102.1 481.1 
62.6 : =2.2 60.4 
150.1 172 78.0 374.2 
(105.1) (17.2) (7.1) (215.3) 
481.1 60.4 374. : 
: . , 416.0 
2.225 144 181 4,731 
956 195 554 4,000 
212 165 217 4,078 
366 , : 590 
319 86 . 952 
(319) (86) (.) (952) 
4,078 590 952 f 
$ : , 3,708 


Sources: The Muda SAM was aggregated from table 5.4 in Bell, Hazell, and Slade; nontradables were defined as the aggregate of accounts 
(19), (21), (22), (24)--(36), (38)—(44); and tradables as the aggregate of sectors (10)-(18), (20), (23), and (37). The Oklahoma SAM 
was aggregated from table | in Little and Doeksen; tradables were defined as the aggregate of the agricultural, agricultural processing, 
manufacturing, and mining sectors; and nontradables as the aggregate of the government accounts and all remaining productive activities 
except construction, which was classified as investment and entered in the capital account. The Sierra Leone account was synthesized 
from a variety of sources, including Matlon et al., Chuta and Liedholm, and King and Byerlee. We do noi know the total value of 
transacticns for rural Sierra Leone, hence the SAM is estimated for a gross tradable output of 100. 

* The tradables account does not include direct import of finished goods, which enter the rest-of-the-world account. 

> Includes trade with the nonregional economy, but also institutional accounts (6)—(8) in Muda. 

Figures in parenthesis are the value of direct imports from outside the region. Any trade and distribution margins are included in the 


nontradatle account. 


are excessively large if, as many believe, ag- 
gregate agricultural output is supply-constrained 
in developing countries. 

Second, the EB model offers a useful ap- 
proximation to the S-I-O. Given the ease of 
computation, it is very attractive, at least as a 
first approximation to the S-I-O. It produces es- 
timates only slightly worse than Hazell’s sim- 
plified S-I-O and requires only one parameter 
instead of four. 

Third, comparing linkages across regions, ta- 
ble 3 indicates that the S-I-O multipliers differ 
substantially, ranging from 1.35 in Sierra Leone 
to 1.71 in Muda to 2.23 in Oklahoma. Progres- 
sively greater input intensity, processing link- 


ages, higher income, and corsequently increas- 
ing consumption diversification into nonfoods 
account for the substantial spread. 

Finally. consumer demand emerges as con- 
sistently more important than production link- 
ages, with consumption linkages ranging from 
80%—90% of the total multiplier in Muda and 
Sierra Leone to 60% in Oklahama. Findings from 
elsewhere unanimously corroborate the predom- ` 
inance of consumption over production linkages 
(e.g., Gibb; Bell, Hazell, and Slade; Haggblade 
and Hazell). Even in low-income regions where 
consumption linkages are feeble, production 
linkages tend to be still smaller. This is partic- 
ularly true in Sub-Saharan Africa, where con- 
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Table 2. Coefficients for Fixed-Price Models 





Rural Sierra 
Leone Muda Oklahoma 

Value-added shares’ 

X 0.95 0.47 0.31 

Va 0.80 0.73 0.52 

y 0.92 0.59 0.42 
Interindustry coefficients? 

ay 0.01 0.35 0.39 

Ain 0.01 0.06 0.15 

One 0.02 0.07 0.23 

Ann 0.10 0.08 0.27 

a, 0.04 0.07 0.25 
Leakage ratio” 

s 0.08 0.13 0.12 
Marginal budget shares“ 

B, 0.55 0.20 0.25 

Ba 0.30 0.50 0.50 


* Derived from the SAMs in table 1. 

» Derived from the SAMs in table 1 by assuming the marginal equals 
the average leakage ratio. 

“ Based on estimates from the following sources: Muda (Hazell and 
Roell); Sierra Leone (King and Byerlee); Oklahoma projections based 
on average budget shares. Hazell and Roell report a B, of 0.4 for 
Muda, but we increased this to 0.5 to include fresh fruits and veg- 
etables which are produced by “other agriculture,” and are clas- 
sified as a nontradable sector in table 1. Note that 8, + 8, is less 
than unity in all cases; the difference is the marginal budget share 
for direct imports. 


sumption linkages are much smaller absolutely 
than in Asia; however, because production link- 
ages are even lower, the relative share of con- 
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sumption linkages remains larger (Haggblade and 
Hazell). 


Limitations of the Fixed-Price Models 


Fixed-price models are attractive because they 
are relatively easy to estimate and solve. But the 
underlying assumption of a perfectly elastic sup- 
ply of nontradables, common to all fixed-price 
models, is troublesome. In developing coun- 
tries, rural nontradables are mostly services or 
local manufactures produced by small, labor-in- 
tensive firms. Given a plentiful supply of labor, 
a common feature in Asia but also possible in 
Africa during slack periods in the agricultural 
calendar, it is reasonable to suppose the short- 
run supply elasticity of nontradables may be high. 
Moreover, the low incremental capital-output 
ratios reported by many researchers for rural 
nonfarm businesses suggest that even the long- 
run supply elasticity may be large since firms 
can expand their capacity with the aid of capital 
available from retained profits. 

But these conditions will not always be met, 
as the increasing real wages in many success- 
fully growing rural areas attest. In such cases, 
the supply of nontradables will be upward slop- 
ing and part of any agriculture-led increase in 
demand for nontradables will be dissipated 
through price inflation. So the multipliers de- 
rived from fixed-price models will overestimate 
the amount of indirect income generated within 


Table 3. A Comparison of Fixed Price Income Multipliers in Three Regions 





Multiplier Rural Sierra Mud- 

(Equation Number) Leone a Oklahoma 

Total multiplier 
Semi-input-output (9) 1.35 1.71 2.23 
Hazell’s simplified S-I-O (12) 1.41 1.49 1.78 
Economic base (15) 1.25 2.24 2.98 
Input-output (23) 4.01 3.54 6.39 

Interindustry multiplier’ M, 
Semi-input-output (11) 1.02 1.12 1.53 
Hazell ’s simplified S-I-O (13) 1.04 1.08 1.34 
Input-output (24) 1.03 1.73 Ze 

Share of multiplier attributable 

- to consumption linkages? tne nn nmn manent memenne memm (Jo) nwa nana re tenn nena mene 

Semi-input-output 94.3 83.1 56.9 
Hazell’s simplified S-I-O 90.2 83.7 56.4 
Input-output 99.7 71.3 68.1 


* This decomposition is not possible for the economic base model. 
° Calculated as (M ~ M,)/(M — 1) x 100. 
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the regional economy. To correct for this bias 
requires a price-endogenous model. 


A Price-Endogenous (PE) Model 
The Model 


The proposed model relaxes the two key sim- 
plifying assumptions of fixed-price models. First, 
it allows for increasing-cost nontradable supply 
by incorporating the two most likely sources of 
rising nontradable prices. One stems from an 
upward-sloping labor supply curve facing the 
region. As the demand for nontradables grows, 
their increased production increases the regional 
demand for labor, thereby increasing the nom- 
inal wage rate and the average cost of nontrad- 
ables. The other source of price increase arises 
from the possibility that capacity constraints and 
fixed factors, in the short run, lead to diminish- 
ing returns in variable inputs and hence to rising 
average cost as output increases. 

Second, to allow less extreme assumptions 
about input substitution, the proposed price-en- 
dogenous model imposes no specific functional 
form on the production technology. The ensuing 
empirical applications, however, include a 
Leontief specification as a special case in order 
to permit comparison with the fixed-price models. 

Following, where possible, the notational 
conventions used above, the price endogenous 
model can be written as follows: 
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for labor in sector j; m; the profit function for 
sector j; and @, a technology shift parameter for 
production of tradables. 

Equations (25) and (26) define market clear- 
ing in tradables and nontradables, respectively. 
Unlike their fixed-price counterparts, equations 
(2) and (19), market supply now responds to 
output prices and the nominal wage. Investment 
and government expenditure remain exoge- 
nously determined and, as in the S-I-O model, 
net exports are a residual. Because there is no 
balance-of-payments constraint, equation (25) is 
not part of the simultaneous portion of the so- 
lution; it drops out as it did in the S-I-O model. 

The labor market representation (27) has no 
explicit counterpart in the fixed-price models. It 
is required here to determine the endogenous 
wage rate. Note that housekolds’ willingness to 
supply labor depends on the real rather than the 
nominal wage rate. 

Regional income (30) now has two compo- 
nents. The first includes prcfits, that is, returns 
to fixed factors in each seccor. The second in- 
cludes total wage income, wil,. In contrast to the 
fixed-price models where value added (profits 
plus wage payments) remains a fixed share of 
gross output in both sectors, the price-endoge- 
nous model makes no such presumption.° 

As with the fixed-price models, we are pri- 
marily interested in deriving the income multi- 
plier resulting from a technclogical shift in the 
supply of tradables. Note that 0, the technology 
shift parameter, affects the tradable sector’s de- 


(25) TP, Pr, w, 0) = HAP, Pr, Y) + DrlPs, Pa, W) + DitP,, Pas W, 0) 


+G,+J),+ E, tradables, 
(26) NP, P,, w) = HP, Pas Y) + DadP,, Pas wW, 8) + Din(Prs Pr W) 

gta nontradables, 
(27) LOW) = LaPa Pas W, 9) + LaPa Pnu W) labor market, 
(28) w= w/i real wage, 
(29) Lapp” cost of living index, 
(30) Y = m(Pa P,, w, 0) + 7,(P,, Pu, w) + wL, income. 


Notation new to the price-endogenous model in- 
cludes D,,, the intermediate demand by sector j 
for the output of sector i; P,, the price of trad- 
ables, presumed as before to be fixed outside 
the region; P,, the price of nontradables; the 
nominal and real wage rates, w and W, respec- 
tively; /, a cost of living index; b, the share of 
nontradables in total household income; L,, the 
regional labor supply function; La, the demand 


mand for labor and intermediates as well as its 
supply function. This formulation provides the 
flexibility needed to experiment with different 
types of tecnnological change, although, as with 


é Tn the specizic experiments that follcw, using Cobb-Douglas 
technology or Leontief technology with fixed prices, the constancy 
o- value-added shares does remain. 
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the fixed-price models, we limit ourselves here 
to forms of investment or technological change 
that do not affect the use of intermediate goods 
per unit of tradable output. 

Substituting the real wage rate (28), cost-of- 
living index (29), and income definition (30) into 
the nontradable (26) and labor market equations 
(27), totally differentiating with respect to the 
price of nontradables (P,,), the wage rate (w), 
the exogenous change in technology (0), and ex- 
pressing all variables in percentage change terms 
(+) leads to’ 


Ep, — Epa, ~ Ep" Ay — EP Onn 
EBU — An) + EBA, 


31 
61) a 


-4 


where new notation includes ¿;, the elasticity of 
i with respect to j; shares of gross nontradable 
output consumed by households (œ, = H,,/N) or 
used as intermediates in nontradable (a,,, = D,,/ 
N) and tradable production (a,, = D,,/N); the 
proportion of regional labor force employed in 
nontradables (A, = Ly,/L,); share of regional in- 
come spent by households on nontradables (b = 
H.P,,/Y); wage share of regional income (d = 
wL,/Y); and the proportion of regional income 
spent on total final demand for nontradables 
H = (A, + G, 2 JP, /Y. 

Solution of (31) tracks comparative static 
changes in the two endogenous variables, P,, and 
w, resulting from the technology shift parame- 
ters on the right-hand side. In turn, the changes 
in labor and nontradable market equilibria gen- 
erate changes in inflation and regional income 
according to the bottom two equations in (31). 
Stability of the system requires that the deter- 
minant of the 4 X 4 coefficient matrix be neg- 
ative. 


1 Derivation of (31) makes use of the following relationships from 
Sheperd’s lemma: d7,/6P, = — Dan Onn Pp = N ~ Day, On,/dw 
= — Ly, and ðm, /ðw = — Ly. 


y 
Ew — 
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Defining the Multiplier 


The price-endogenous multiplier is defined as 
the total increase in real regional income com- 
pared to the initial technologically induced in- 
crease in tradable income. 


dY dP a 
— —(N ~ Din — Dn) — 
os, ape do 
) oY 
06g 
oO nt ote EO On 0 -éan P, 
EL — An) + eta, — ge gb 0 ps 
0 1 0 I 
-dgk dé] f 
Dyu | 
8 N 
—ðLa (1 — A,) 
= 06 Le d6, 
0 
om, 1 
0 Y 


Unlike the fixed-price models, where no in- 
flation occurs, the price-endogenous model re- 
quires a deduction for inflation. The second term 
in the numerator of (32) represents the increase 
in the cost of nontradables consumed within the 
region. It must be deducted from the total in- 
come increase, since we are interested in the 
change in real rather than nominal income. 

Figure 1 pictures the difference between the 
fixed-price and price-endogenous multipliers. In 
a fixed-price world, a given increase in tech- 
nologically induced tradable income will stim- 
ulate additional nontradable income equivalent 
to (N, — Npo)P, times the value added ratio y,,. 
But when nontradable supply is not perfectly 
elastic, the same initial increment in tradable in- 
come will generate only (Na — No)P,v, in non- 
tradable earnings. Thus, the upward-sloping 
nontradable supply dampens the real income 


® In computing the real change in regional welfare, we have opted 
to deduct the entire increase in the cost of nontradables designated 
for final demand. In addition to households, government and inves- 
tors consume some nontradables. Because they may or may not be 
residents of the region, others may wish to deduct only the in- 
creased nontradable cost borne by regional residents. 
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S, assumes perfectly elastic supply of labor and nontrada- 
bles (S-I-O, PE1); 

Sə, assumes short-run, fixed inputs in nontradables, Leon- 
tief technology (PE2a); 

S assumes short-run, fixed inputs in nontradables, Cobb- 
Douglas substitutability among intermediates (PE2b) 


Figure 1. Graphical comparison of fixed- 
price and price-endogenous multipliers 


multiplier by (V, — N,)P,v,. Note that calculat- 
ing the real income multiplier requires deduct- 
ing the inflation (Pa — P N: = (N — Dm — Did 
dP, from the total nominal income increase in 
the price-endogenous case. 


Economic Interpretation of the Multiplier 


The existence of a multiplier depends on draw- 
ing unused or underused resources into more 
productive economic activity. In figure 1, the 
increase in nontradable output, to either N, or 
Na, requires pulling labor, intermediates and in 
the long run more fixed inputs into nontradable 
production. To attract resources from other 
competing uses, including leisure, requires that 
they earn higher returns in nontradable produc- 
tion.’ 


° The multiplier is defined in terms of income, not utility. A util- 
ity-based measure would yield no increase in welfare as a result of 
a marginal shift of labor out of leisure and into the labor market. 
Yet the shift from leisure to labor does increase national income. 
Moreover, welfare will] also increase following a finite, as opposed 
to margiral, increase in labor supply. This will show up as an in- 
crease in producer surplus to suppliers of labor. 
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Formally, the multiplier defined in (32) can 
be rewritten as follows:'° 


ÔT, ðL, dw 
ðw dð 

(33) ips 06 wa 
am, | a 

06 a6 


It differs from unity to the extent that 
ILs dW _ Ly 
R ET 
dw d0 36 





Thus, the existence of the multiplier depends on 
drawing some labor into nontradable produc- 
tion. When this happens, the total increase in 
labor supply (Z,) exceeds the increased labor de- 
mand in tradables alone (Z,,). Although this for- 
mulation centers around the labor market, it im- 
plicitly requires that producers similarly draw 
additional intermediates, and in the long-run fixed 
factors, into nontradable production. 

This derivation yields a surprisingly simple 
operational means of estimating price-endoge- 
nous regional income multipliers resulting from 
an agricultural project. In addition to project in- 
come and employment, an analyst would only 
require the change in regional employment in 
nontradables as well as the initial wage rate. Both 
employment and wage data are relatively easy 
to obtain, certainly more easily obtainable than 
changes in total regional income. This does not 
imply that the multiplier is composed solely of 
increased wage earnings in nontradables. Profits 
and returns to fixed factors increase as well. But, 
through the substitutions from Shepherd’s lemma, 
these portions of the total change in regional in- 
come cancel out, because they represent trans- 
fers from consumers to producers. 


Parameters for Four Experiments 


To estimate a price-endogenous income multi- 
plier for a particular region requires data for the 
twenty-three model parameters in equation (31); 
twenty parameters in the large matrix and three 
technology shift parameters on the right-hand 
side. Of the twenty-three parameters, five of the 
Shares (Quans Qn, @,, D, and u) can be computed 


10 The numerator in (33) is obtained by totally differentiating (30) 
w.r.t. 8, substituting the results from Sheperd’s lemma given in 
footnote 7, and subtracting the inflation term (N — D,, — D,,)dP,,/ 
dé. The denominator in (33) is obtained by substituting L, + Lg, 
for L, in (30), and then taking the partial derivative: d7,/98. 
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directly from the SAMs. The remaining eigh- 
teen must be obtained from outside sources, al- 
though economic theory and features of produc- 
tion technology impose a series of restrictions 
on them. These restrictions and their derivation 
for the specific functional forms used in this pa- 
per are available on request from the authors. 
Table 4 summarizes the estimated parameter 
values that apply to each of the three rural re- 
gions under review. 

Four variants of the price-endogenous model 
(PE1 — PE4) permit contrast with their fixed- 
price relatives by progressively relaxing each of 
the fixed-price model assumptions. The first, 
PE\, adopts assumptions approximating those 
of the S-I-O model. It takes supply of both labor 
and nontradables to be perfectly elastic and 
specifies Leontief technology in all inputs. The 
second, PE2, introduces an upward-sloping 
supply of nontradables while maintaining a highly 
elastic supply of labor. This situation, the one 
depicted by the supply curve 2a in figure 1, arises 
in the short run when nontradable producers op- 
erate with plants at full capacity and can only 
increase output at increasing cost. In contrast, 
PE3 presumes that labor supply rather than fixed 
capacity dampens multipliers by raising cost (P,) 
via increasing wages. Equivalent to a situation 
of excess capacity in nontradables, or a long- 
run time horizon which allows firm entry in 
nontradables, PE3 best describes a rural econ- 
omy during peak agricultural seasons. PE4 de- 
picts a doubly constrained rural economy in which 
both the labor supply and nontradable produc- 
tion cost functions slope upwards. 

To relax the restrictive S-I-O assumption of 
fixed-coefficient Leontief production technol- 
ogy, PE2 and PE4 include two variants. The 
first of these, PE2a and PE4a, retain Leontief 
technology. But the second pair, PE2b and PE4b, 
introduce input substitutability by specifying 
Cobb-Douglas production technology in all in- 
puts. Expanding substitution possibilities in this 
way increases nontradable output supply elas- 
ticity. By allowing firms to substitute labor for 
intermediates as the price of nontradable inter- 
mediates (P,,) rises, firms are able to increase 
output at lower cost than would otherwise be 
possible. The expanded substitution set corre- 
sponds to nontradable supply curve 2b in figure 
1. It illustrates graphically how allowing for in- 


' Note that dD,,/a040 in table 4. Because the commodity de- 
mands are written in indirect form in equations (25) and (26), @ 
must be used to drive increased intermediate demands for tradables 
production even when the input-output ratios are assumed to remain 
constant. 
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put substitution offsets some of the dampening 
projected by the price-endogenous multipliers. 


Empirical Results 


In comparing the series of price-endogenous 
multipliers with the fixed-price barometer, the 
S-I-O model, three results are anticipated. First, 
PE1, because it maintains all the perfect elas- 
ticity assumptions of the S-I-O, should yield the 
highest multiplier and it should be equivalent to 
the S-I-O.'* Second, the multiplier should be 
smallest when both labor supply and plant ca- 
pacity constrain, that is, in PE4. In this setting, 
both wage and price inflation will compound in- 
creases in P, and therefore dampen the multi- 
plier most. Finally, increasing prospects for in- 
put substitution should increase nontradable 
supply elasticity and thus the output response 
relative to fixed-coefficients technology. Hence, 
we expect that the multiplier for PE2b will be 
greater than that in PE2a and that PE4b will ex- 
ceed PE4a. But the ranking of PE2 and PE3 
cannot be determined a priori. It will depend on 
the parameters for the specific region in ques- 
tion. 

Table 5 bears out these predictions by com- 
paring the multipliers generated in each of the 
four price-endogenous model experiments. Us- 
ing data for the three regional economies, Sierra 
Leone, Muda River region of Malaysia, and 
Oklahoma, it presents not only multipliers but 
also the income, wage, and price increases pro- 
jected in each scenario. 

How overoptimistic are the fixed price models? 
As expected, the answer depends on what is 
driving the rising price of nontradables. In the 
worst-case scenario, PE4a, the indirect income 
increment falls dramatically to 20%—40% of the 
semi-input-output projection (table 5). But after 
accommodating prospects for input substitution, 
in PE4b, the indirect income increases to 50%— 
60% of the S-I-O. 

In the more likely intermediate situations, PE2b 
and PE3, table 5 suggests that price endogeneity 
will reduce regional indirect income increments 
to 75%-90% of the S-I-O level. Not surpris- 


12 For each region, we have calibrated PE} to its S-I-O counter- 
part by making small adjustments in the wage shares of regional 
income (d). We began with very fragmentary labor share data, often 
enterprise budgets for selected activities, and sometimes from sim- 
ilar types of agriculture in other countries. Using these as rough 
approximations generated PE1 multipliers within 5%~—10% of the 
S-I-O. Because PE] approximates the S-I-O when labor supply and 
output supply are perfectly elastic, this calibration seemed the most 
plausible procedure for firming up the labor share data. 
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Table 5. Price-Endogenous Income Multipliers for Three Regions 





Region PEI PE2a PE2b PE3 PE4a PE4b 
Sierra Leone 
Multiplier 1.35 1.29 1.32 1.26 1.13 1.17 
(M — 1)/(S-LO — 1} 100 83 91 74 37 49 
f 13.5 13.6 13.8 13.1 12.2 12.5 
P, 2 3.5 3.0 2.6 4.0 3.9 
wv l 7 6 4.2 2.7 3.2 
Î 0 7 6 5 8 8 
Muda . 
Multiplier 1.71 1.40 1.58 1.66 1.30 1.46 
(M ~ 1)/(S--O — 1) 100 56 82 93 42 65 
Y 17.4 17.8 19.0 17.6 16.8 18.1 
P, 4 6.0 5.0 1.6 6.0 5.4 
wy 3 3.0 2.6 2.6 3.8 3.9 
f 2 3.0 2.5 8 3.0 2.7 
Oklahoma 
Multiplier 2.23 1.46 2.08 2.03 1.22 1.59 
(M — 1)/(S-I-O — 1% 100 37 88 84 18 48 
f 22.6 20.7 25.1 22.8 18.0 20.6 
Ê, A 8.8 6.3 3.7 8.3 6.8 
w 4 5.3 4.0 10.0 6.7 8.5 
Í 3 5.3 3.8 22 5.0 4.1 


Note: All units are percentages except the multipliers which are in units of local currency. PE1 is equivalent to the S-I-O model and has 
Leontief technology and highly elastic supplies of labor and nontradables; PE2a has a highly elastic supply of Jabor but an upward-sloping 
supply of nontradables; PE3 has a highly elastic supply of nontradables but an upward-sloping supply of labor: PE4a has upward-sloping 
supplies of labor and nontradables; and PE2b, PE4b assume Cobb-Douglas technology rather than the Leontief technology of their PE2a 


and PE4a counterparts. See the text for a more detailed discussion of the assumptions underlying each experiment. 
* Compares the income increment for each multiplier with that from the S-I-O. 


ingly, the magnitude of the dampening varies 
across regions. In the long run, when firm entry 
allows highly elastic nontradable output re- 
sponses (PE3), the Muda Region multiplier re- 
mains highest, at roughly 90% of the S-I-O level, 
because of its very elastic labor supply. In con- 
trast, the long-run multipliers in Sierra Leone 
and Oklahoma fall to 75%—85% of the S-I-O 
predictions, primarily because of less elastic re- 
gional labor supplies. 


Conclusions 


The existence of agricultural growth multipliers 
ultimately depends on drawing additional re- 
sources into nontradable activity. Hence, the 
elasticity of nontradable supply is crucial to the 
size of the multipliers. 

Where labor supply is elastic and capacity does 
not constrain nonfarm activity, fixed-price models 
are appropriate. Among them, the semi-input- 
output model offers the best estimate of regional 
growth linkages. As a rough and ready indica- 
tor, the simple one-parameter economic base 
model offers projections surprisingly close to the 
semi-input-output model. In contrast, the input- 


output model generates unrealistically large 
multipliers for most rural third world settings. 

But price endogeneity may reduce multipliers 
substantially. Because fixed capacity constraints 
seem less binding, especially in the long run, 
labor supply is probably the crucial determinant 
of the multipliers. If so, our estimates suggest 
that, as a rough rule of thumb, the Asian mul- 
tipliers lie in the range of 90% of the levels pro- 
jected by semi-input-output models, while the 
African multipliers stand at closer to 75% of the 
fixed-price estimates. 


[Received February 1990; final revision 
received July 1990.] 
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Private Property Rights and Forest 
Preservation in Karnataka Western 


Ghats, India 


M. G. Bhat and R. G. Huffaker 


Areca nut orchard owners have been mulching their orchards with foliage from 
surrounding government-owned deciduous forests at an average rate that may well 
deplete foliage within a decade, thereby endangering the long-term viability of the 
region’s most profitable agricultural enterprise. A bioeconomic model of areca nut 
production is formulated to determine the circumstances under which privatization of 
forest resources in the hands of orchard owners will stem this rapid depletion. An 
empirical application suggests that foliage is not currently sufficiently abundant to 
survive privatization; however, the prospects for preservation can be increased with the 


imposition of a preprivatization period of regulated use. 


Key words: India, optimal extinction, privatization, sustainable agriculture. 


This paper considers whether converting hillside 
forests bordering the areca nut-growing belt of 
Karnataka Western Ghats in India from govern- 
ment to private ownership by areca nut orchard 
owners would encourage the sustainable use of 
forest products in areca nut production and thus 
stem the rapid depletion occurring under the 
current use system. The paper represents an ap- 
plication of the recent literature in optimal ex- 
tinction of renewable resources to study the sus- 
tainability of an endemic production process in 
a part of the world receiving considerable atten- 
tion by agricultural and resource economists. 
We begin the paper by describing the study 
area and the resource-use problem, then for- 
mulate a normative decision model that speci- 
fies how a representative orchard owner should 
harvest foliage from the privately owned section 
of forest to maximize the present value of areca 
nut production. We then examine when a sus- 
tainable harvest policy is present-value superior 
to a depletive policy resulting in eventual ex- 
haustion of the foliage stock, under various as- 
sumptions about both biological and economic 
parameters. Finally, by employing economic and 
environmental data collected from case studies 


M. G. Bhat is a graduate research assistant in the Department of 
Agricultural Economics, University of Tennessee. R. G. Huffaker 
is an assistant professor, Department of Agricultural Economics, 
Washington State University, formerly Department of Agricultural 
Economics, University of Tennessee. Senior authorship is not as- 
signed, 


in the region, we simulate optimizing behavior 
under private ownership. Assuming that the nor- 
mative model is valid, the simulations are in- 
dicative of the bioeconomic circumstances un- 
der which private ownership by areca nut 
producers is a feasible strategy for preserving 
forest resources in the study region. 


Problem Development 


Over the past century, farmers in Karnataka 
Western Ghats in India have broadened narrow 
valleys annually by cutting into adjoining hill- 
sides and spreading soil to create terraces. Ter- 
races are privately held and comprised of areca 
nut orchards (generating the highest economic 
returns) and crop and paddy lands. Major sources 
of irrigation water include perennial and sea- 
sonal streams flowing through the valleys. The 
deciduous forests and grasslands covering the 
hillsides are government-owned and separated 
into soppinabetta (soppu = leaf and betta = hill) 
and minor forest. 

The soppinabetta is essential for the supply 
of green and dry leaves used to form the farm- 
yard-manure-and-mulch combination that serves 
to conserve moisture and retard soil erosion in 
areca nut orchards. The government tradition- 
ally has given orchard owners exclusive right in 
the soppinabetta to prune trees for leaves and 
twigs and to sweep dry leaves from the forest 
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floor. Orchardists also have been allowed to take 
small timber for fuel and to graze their animals 
on the grasslands. However, they have not been 
given the right to chop down large trees or to 
sell any of the soppinabetta products. The gov- 
ernment has left orchard owners to divide the 
soppinabetta among themselves by mutual 
agreement. As a result, each acre of areca nut 
orchard is supported by about six acres of sop- 
pinabetta. In contrast, minor forest lands have 
been reserved for the fuel, leafy matter, and small 
timber needs of all villagers. 

An ecological case study of Karnataka West- 
ern Ghats by Gadgil investigated the impact of 
the utilization of the region’s renewable re- 
sources (soil, surface and ground water, and plant 
biomass) on the five major categories of land 
(crop lands, orchards, soppinabetta, minor for- 
est, streams and ponds) for signs of ecological 
imbalance.’ Gadgil found that ecological im- 
balances are related to the pattern of ownership. 
Government-owned soppinabetta, minor forest, 
and streams and ponds tend to suffer more from 
the ill effects of imbalanced resource use than 
privately held orchards. and crop land. For ex- 
ample, the success of orchard owners in main- 
taining soil moisture and inhibiting erosion in 
areca nut orchards has resulted in an average an- 
nual recovery rate of soppinabetta foliage bio- 
mass (6 tonnes per hectare) that is twice the av- 
erage annual replenishment rate. Gadgil estimated 
that this imbalance would deplete the foliage bio- 
mass within a decade. 

Gadgil briefly discussed two policy options 
for preserving soppinabetta resources. One op- 
tion is to convert the soppinabetta into private 
ownership by areca nut orchard owners in hopes 
of achieving the same balanced resource use oc- 
curring on privately held lands. The other is to 
convert the soppinabetta into community own- 
ership with community-control systems de- 
signed to “ensure serving the objective of pres- 
ervation of ecological balance with measured 
benefits to the participants” (p. 386). 

A logical first step in deciding which option 
should be adopted is to determine when private 
ownership by areca nut producers is a feasible 
preservationist strategy. Hence, this paper con- 
siders the bioeconomic circumstances under 
which private ownership may lead to ecologi- 
cally balanced “continuous” use and preserva- 


' An ecological imbalance occurs when a resource stock de- 
creases over time because it is depleted faster than it can be nat- 
urally replenished or when a resource stock accumulates over time 
because its input rate exceeds its removal rate. 
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tion of soppinabetta resources. A comparison of 
the relative performance of private ownership 
versus community ownership and control is be- 
yond the scope of this paper. 

The methodology employed depends on the 
owners’ management criterion and the primary 
productive use they will make of soppinabetta 
resources. Following Clark, the sole owner is 
assumed “to view the stock as a capital asset; 
{and thus to manage according to] the standard 
cost-benefit criterion of maximizing present val- 
ues of net economic revenues” (pp. 3, 4). Pres- 
ent-value maximization is also a relevant crite- 
rion for a community control system; however, 
the specification of costs and benefits must be 
expanded to include those external to the sole 
owner’s decision-making environment. This pa- 
per’s attention is limited to sole-owner behavior 
because available survey data provide some in- 
formation on the private net benefits of areca 
nut production but none on the type or extent of 
external net benefits (Gadgil; Gadgil, Hedge, and 
Bhoja Shetty; Hulgol Service Co-operative So- 
ciety). 

The primary productive use areca nut orchard 
owners will make of soppinabetta resources de- 
pends on the bundle of property rights that they 
inherit and on the relative value of alternative 
outputs. For example, if the bundle includes the 
right to chop down large trees to sell as lumber, 
and this is the most lucrative use, then utiliza- 
tion must be studied primarily as a forest rota- 
tion problem. Alternatively, if chopping down 
large trees remains illegal, or areca nut produc- 
tion remains the most valuable use regardless of 
the legality of harvesting large trees, then uti- 
lization must be studied primarily as a conver- 
sion of foliage biomass to orchard production. 
This paper chooses to study the potential for fo- 
liage preservation under orchard production be- 
cause it is the current use and information is 
available from case studies on the production 
process and on input/output prices. 


A Bioeconomic Model of Areca Nut 
Production 


(Consider a representative areca nut producer who 
mulches cne-sixth of an acre of orchard with the 
foliage biomass generated by an exclusively 
owned acre of soppinabetta. Let B(f) (kilograms 
per acre, kg/ac) denote foliage density and R(1) 
(kg/ac/t) the recovery (harvest) rate in year t, 
where B, R = 0. Then, following the general 
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framework of Smith, the dynamics of foliage bio- 
mass are governed by 


(1) B(t) = GB) — R, 


where G(B) (kg/ac/t) represents the average 
annual growth (production) of foliage biomass 
by the forest and is characterized by density de- 
pendence and a “minimum viable” biomass stock. 
Density-dependent growth implies that marginal 
foliage production tends to increase at low bio- 
mass densities but decrease at high densities be- 
cause of heavier specific competition for vital 
resources, especially sunlight. The minimum vi- 
able biomass stock implies that a forest defoli- 
ated on average beyond this level will eventu- 
ally die out, even if harvesting ceases before- 
hand, Biomass levels below the minimum via- 
ble stock require the forest to refoliate in the 
same growing season. This, in turn, causes it to 
begin the next season with low carbohydrate re- 
serves, fewer and less productive leaves, and in- 
creased susceptability to attacks by pathogenic 
organisms (Wargo, Kramer and Kozlowski). 

Density dependence is imposed by requiring 
G(B) to be strictly concave for B = 0. The min- 
imum viable stock, B, is created by requiring 
G(B) to have a pair of biomass-axis intercepts, 
G(B) = G(B) = 0, where 0 < B < B. Given 
an initial biomass level By > B, the stock tends 
toward B (the carrying capacity) in the absence 
of recovery. The following generalized logistic 
equation meets these requirements 


(2) G(B) = —a + a,B — bB’. 


A problem with (2) is that it allows a biomass 
level of zero to decline since G(0) < 0. How- 
ever, this problem can be overcome, while pre- 
serving the strict concavity and smoothness of 
G(B), by imposing the constraint B = 0 explic- 
itly in optimization (Lewis and Schmalensee, 
footnote 2). The biomass-axis intercepts are given 


by 
(3a) B = (1/2b) [a, — Vai — 4aob] 
(3b) B = (1/2b) [a, + Vaj — 4aob]. 


D sustained biomass yield occurs at B msy 
= a/2b. 

Let A(R) [kg/(1/6)ac/f] represent annual areca 
nut production on one-sixth of an acre of or- 
chard land. A(R) is assumed to vary solely with 
recovered foliage biomass; all other inputs are 
applied in fixed proportions. Positive but di- 
minishing marginal returns to the application of 
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biomass are assumed; hence Ap(R) > 0, and 
Arr(R) < 0, where the subscripts denote differ- 
entiation. A(R) has a horizontal asymptote at the 
maximum periodic production level A. The Mi- 
chaelis equation meets these conditions and is 
convenient for analytical use: 


(4) A(R) = AQ — e%*) 


where a is a positive parameter and q is the frac- 
tion of recovery made up solely of leaves (1.e., 
excluding twigs). 

Let p (rupees per kilogram, Rs/kg) denote the 
constant unit selling price of areca nuts and C(B) 
(Rs/kg) the cost per unit of biomass recovery. 
An inverse relationship is assumed between unit 
recovery costs and biomass to reflect the addi- 
tional labor required to prune limbs of greater 
height as foliage biomass decreases, i.e., Cp(B) 
< 0. Moreover, a finite vertical intercept, Co, is 
assumed so that the possibility of extinction as 
a present-value-maximizing policy is not ruled 
out a priori. Finally, unit costs are assumed to 
asymptotically approach zero as biomass in- 
creases. An exponential cost function satisfies 
these characteristics 


(5) C(B) = co exp(—c;B), 


where c, is a positive parameter. 

Periodic profits (Rs/ac/t) generated by em- 
ploying soppinabetta resources in areca nut pro- 
duction are 


(6) T(t) = pA(R) — C(B)R — FC, 


where FC represents the unavoidable costs of 
fixed factors associated with areca nut produc- 
tion (mainly pesticide).* The present value of the 
stream of profits over the interval 0 = ¢ = T is 


T 
(7) PV = | r(e" dt, 
Q 


where r is the real annual discount rate. 

The producer’s problem is to select a function 
R(f) and a scalar T that maximizes (7) subject 
to (1), the nonnegativity of R and B, and a given 
initial biomass level, B(0) = Bo. Following Ta- 
kayama (theorem 8.C.1), the lagrangian func- 
tion for this problem is written as 


(8) LIB, R, Y Ya 
= HIB, R] + YR + y[G(B) — R], 


? The present value function does not include the producer's sav- 
ings generated by using recovered twigs as fuel. Such savings are 
minor in comparison to profits from areca nut production, and their 
addition significantly obscures the analytical results. 
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where A[B, R] is the current-valued hamiltonian 
measuring the flow of annual net benefits 


(9) HIB, R] = pA(R) — C(®)R 
+ A[G(B) — R], 


A(t) is the costate variable measuring the mar- 
ginal present value of biomass in areca nut pro- 
duction in each year, y,(¢) and y(t) are func- 
tions associated with the nonnegativity constraints 
on R and B, and [G(B) — R] is the effective 
nonnegativity restriction on B. 

Solution functions R, A, B must solve the sys- 
tem of Pontryagin necessary conditions: 
(10a) L'(R) = pA'(R) — C(B) 

Ne a A) 


(10b) A(t) — rÀ = —L'(B) 

= —[-C'(B)R + AG'(B) + 72G'(B)] 
(10c) L'(A) = B = G(B) — R, 
the nonnegativity constraint qualifications on R 
and B (Takayama, theorem 8.C.1; Arrow and 
Kurtz, chap. 2, proposition 5) 


(10d) y20; yR=0 


(10e) y%2=0; YB = y,[G(B) — R] = 90, 
the free terminal-time transversality condition 
(Lewis and Schmalensee, p. 538) 


(10f) lim e ” A[B, R] = 0, 
t>T 


and nonnegativity restrictions on the terminal 
biomass level B(T) if the optimal value of T is 
finite (Takayama, corollary to theorem 8.C.1; 
Lewis and Schmalensee, p. 538) 


(10g) lim e” A(t) = 0 
oT 


(10h) lim e” A(DB(t) = 0. 
>T 


When (10a)—(10c) can be satisfied by non- 
zero levels of R and B [so that y, and y, equal 
zero by (10d) and (10e), respectively], routine 
calculation converts (10a)—(10c) into two first- 
order differential equations in R and B: 


(ila) R= oor 


(11b) B=G(B)—R. 
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Recovery Strategies 


Recovery strategies can be categorized accord- 
ing to the length of the underlying time horizon. 
Lewis and Schmalensee refer to infinite horizon 
strategies as continuous strategies, and finite ho- 
rizon strategies as abandonment strategies. In- 
finite horizon strategies are continuous because 
they asymptotically approach a steady state of 
(11). Once reached, steady-state biomass and 
recovery levels are sustained through time by 
producing both ecological balance (where bio- 
mass is recovered at its rate of natural replen- 
ishment) and economic balance (where the pro- 
ducer has no further economic incentive to 
manipulate the recovery rate over time). Alter- 
natively, finite horizon strategies veer away from 
steady states of (11), and thus ultimately result 
in the resource being abandoned after some fi- 
nite time. 

This section proceeds by characterizing: (a) 
the optimal continuous recovery strategy and its 
domain of feasible initial biomass levels, By; (b) 
the optimal abandonment strategy, its domain of 
feasibility, and when it results in eventual ex- 
tinction of the stock; and (c) the superiority of 
one strategy over the other when their domains 
of feasibility overlap. 


Optimal Continuous Recovery Strategy 


A continuous recovery strategy, satisfying nec- 
essary conditions (10) and asymptotically ap- 
proaching a steady state of (11), is optimal among 
all such policies if it satisfies the concavity con- 
ditions set out in Arrow and Kurtz (chap. 2, 
proposition 10). These conditions require that 
the Hessian matrix of second partial derivatives 
of the hamiltonian (9) with respect to B and R 
is negative definite when evaluated at steady state 
‘B*, R*). Thus, the first principal minor must 
be negative: 


(12) \Har(R*)| = PAgr(R*) < 0, 


and the second principal minor must be positive: 


zp Arg 
Hop Hpg 


— A(B*, R*)Gss(B*)] — Ca(B*Y > 0, 


(13) = —pAgR(R*)[ Ces B*)R* 








C'(B)G(B) — [pA'(R) ~ C(B)] [G"@B) — 7] 


where A(B*, R*) can be solved for using (10a). 
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Clearly, (12) holds given the assumed diminish- 
ing marginal productivity of foliage biomass in 
areca nut production. However, (13) is indeter- 
minant, and thus will be numerically evaluated 
at the steady-state of interest in a later section 
of this paper. 

A phase portrait in (R, B) space is useful for 
determining the configuration and stability of 
steady-state solutions of (11). 


Foliage biomass zero-change isocline. The 
foliage biomass zero-change isocline (the locus 
of B, R combinations that balance growth with 
depletion and thus hold the biomass stock con- 
stant over time) is derived by setting B in (11b) 
equal to zero and solving for R in terms of B, 


(14) R(B)|g-0 = G(B) = —ay + aB — bB’. 


The biomass zero-change isocline (B/) is the an- 
nual growth function (2) and hence shares its 
properties. 


Recovery zero-change isocline. The recovery 
zero-change isocline (the locus of B, R combi- 
nations holding recovery constant over time) is 
derived by setting R = 0 in (lla) and solving 
for R in terms of B, 


il 


(15)  R@B)lt-o = —(1/aq) In | 


I 


—(1/aq) in| 


in terms of (2), (4), and (5). The recovery zero- 
change isocline (RI) is considerably more com- 
plicated to characterize than the biomass iso- 
cline. This is the result of the restricted domain 
of the logarithmic function and the discontinu- 
ities that result when the numerator and denom- 
inator in its argument (bracketed term) are iden- 
tically zero. 

In characterizing RZ, denote the numerator and 
denominator in the logarithmic term of (15) as 
Num(B) and Den(@). Let B} and B} (BL > 
B?) represent the roots of the quadratic equation 
in Num(8) derived from adding and subtracting 
the radical in the quadratic formula, respec- 
tively. Let B” = (a, — r)/2b denote the root of 
Den(8). B” represents the “golden-rule” stock 
level prevalent in capital-based models that 
equates the marginal productivity of the biomass 
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stock (the biological rate of interest) with the 
financial rate of interest, i.e., G'(B’) =r. 

Assume that the intrinsic growth rate of bio- 
mass is greater than the discount rate, i.e., a, 
— r > 0. This appears reasonable for the study 
area over a wide range of circumstances (see ta- 
ble 1) and decreases the enumeration of possible 
cases. Given this assumption, application of 
Descartes’ Rule of Signs (Albert, p. 171) to 
Num(8) implies that BY. and BZ are either both 
positive real.roots or a complex conjugate pair; 
B” is clearly positive. When B4 and B% are real, 
RI can be shown to have vertical asymptotes ap- 
proaching positive infinity at BY. and BY, and a 
vertical asymptote approaching negative infinity 
at B”. Figure 1 shows how the configuration of 
RI depends on the magnitute of B” relative to 
B5, and BŁ.’ 

The position of RI in phase space depends 
critically on the magnitudes of the limiting mar- 
ginal profitability of recovering the final unit of 
biomass (referred to hereafter as limiting mar- 
ginal profitability) 


lim 
(R,B)~ (0,0 


(16) da(t)/OR = agpA — co, 
) 


and on ay, which is directly related to the min- 
imum viable biomass stock, B by (3a). In figure 
la-c, a ceteris paribus increase in limiting mar- 


C,(B)G(B) + C(B)[G,(B) — al 
aqpA{G,(B) — r] i 


Cy exp(c,B)[be,B? — (a,c, + 2b)B + fae, + (a; — a 


aqgpA(a, — 2bB — r) 


ginal profitability drives both the leftward and 
rightward portions of RI upward. A ceteris par- 
ibus increase in B also drives the rightward por- 
tion upward, but drives the leftward portion 
downward. 


Steady-state solutions. Steady-state solutions 
of (11) occur at the intersections of the biomass 
and recovery zero-change isoclines. Figure 2 
shows a phase diagram, associated with the RI 
depicted in figure 1b, depicting a three-steady- 
state configuration. Clearly, other three-steady- 
state configurations are possible if the RPs in 





> When B3 and B% are a complex conjugate pair, the rightward 
portion of RI is no longer defined, and the leftward portion is sim- 
ilar to that in figure la. 
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Table 1. Baseline Parameter Values 

Symbol Meaning Units Value 

a, intrinsic annual growth rate of biomass yr! (ao = 500) 0.158 
(ag = 5,000) 0.583 

b density dependence of biomass growth (kg /ac)“tyr™! (a = 500) 6.5E-7 

_ (as = 5,000) 3.1E-6 

A max. annual areca nut production level kg /(1/6)ac/yr 300 

a production parameter 0.00039 

q fraction of recovered biomass in greenleaf 0.9 

p unit return of areca nuts Rs/kg 14.81 

Cı unit cost parameter {co = 0.3) 1.3£-5 
(Co = 1.7) 1.7E-4 

r real annual discount rate 0.047 


figures la,c are used. In addition, figure 2 bi- 
furcates to a one-steady-state configuration if, 
for example, limiting marginal profitability is 
sufficiently large relative to other parameters to 
position the leftward portion of RI above BI. 
However, an analysis based on the three-steady- 
state configuration in figure 2 suffices to elu- 
cidate the general issues. 





Ri 





Figure 1. The recovery zero-change isoc- 
line, RI: (a) B < B} B}; b) BL < B < 
7s (co) BL < B} < B’ 


Direction of motion. The arrows in figure 2 
depict the direction of motion away from steady 
state. Since B’(R) < [0 by (11b)], biomass den- 
sities tend to decrease over time for recovery 
rates above B/ and increase for those below. Re- 
covery rates can be shown [by signing R’(R) in 
the follcwing intervals] to decrease for biomass 
levels to the right of the rightward portion of the 
recovery zero-change isocline; increase for bio- 
mass levels between the rightward and leftward 
portions: and decrease for biomass levels to the 
left of the leftward portion. 


Local stability properties. Local stability 
properties of the steady states in figure 2 can be 
examined by linearizing system (11) in the 
neighborhood of each steady state. The Jacobian 
matrix of this linearized system is J with a char- 
acteristic polynomial 


(17) CP(E) = E - Tr(DE + Det) = 0, 


where Tr(J) = R'(R) + B'(8) is the trace and 
Det(J) = R’(R)B'(B) — B’(R)R’(B) is the deter- 
minant of J. Det(/) can be shown to be negative 
for steady-state biomass stocks greater than the 
maximum sustained yield level, Bms- This im- 
dlies that CP(E) has roots (eigenvalues) of op- 
posite sign, which in turn indicates that a steady 
state occurring to the right of B,,,, is a saddle- 
point equilibrium. 

Alternatively, Det(J) is indeterminant for 
steady-state stocks to the left of Bms; hence, sta- 
bility properties cannot be guaranteed by this 
procedure short of numerical computation of the 
associated eigenvalues. However, stability 
properties can be deduced from the direction of 
motion of the system (as depicted by the arrows 
in fig. 2). Motion around the outer steady states 
(denoted as SS, and SS,) is consistent with a 
saddle-point equilibrium, whether or not SS, is 
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ss, | 
RI i 


Ri 


Figure 2. Phase diagram with three-steady-state configuration 


to the right of B,,,,. Motion around the middle- 
steady state, 55S,,, is consistent with either an 
unstable focus (eigenvalues are a complex con- 
jugate pair with positive real parts) or an unsta- 
ble node (eigenvalues are positive real num- 
bers).* In either case, two convergent separatrices 
(arrowed trajectories) emanate from SS, and 
asymptotically approach their respective outer 
steady states. l 

In figure 2 the optimal continuous recovery 
strategy [assuming that sufficient condition (13) 
is met] is to select initially the recovery rate R(0) 
= Ry lying directly above B(O) = By on the sep- 
aratrix converging upward toward the positive- 
biomass steady state SS,.° The upward conver- 


* Davidson and Harris (appendix a) rule out the possibility of 
closed cycles as optimal trajectories in optimal contro] problems 
with exponential discounting and one state variable and one costate 
variable. 

* In the case where the lower-biomass saddle point, B,, is pos- 
itive and satisfies the sufficient conditions, and both B; and By are 
approachable from Bp, the extramargina! analysis set out in David- 
son and Harris may be used to select the convergent separatrix rep- 
resenting the optimal continuous policy. 


gent separatrix approaching SS}, is consistent with 
the nonnegativity restrictions on B and R for By 
e[B., By], where B. is the separatrix’ largest bio- 
mass-axis intercept. The downward convergent 
separatrix approaching SS, satisfies nonnegativ- 
ity for By e[By, ©). Hence, the optimal contin- 
uous strategy is feasible for By e[B,, ©). 


Optimal Abandonment Strategy 


The optimal abandonment strategy is selected 
from among paths satisfying (11) but veering 
away from steady state. These paths imply 
abandonment within a finite time, T, by cross- 
ing either the biomass axis (where there is no 
further economic incentive to recover biomass) 
or the recovery axis (where recovery necessarily 
ceases because the biomass is exhausted). The 
optimal path among these satisfies the. free ter- 
minal-time transversality condition (10f) requir- 
ing that the Hamiltonian (9) must approach zero 
as t approaches 7, and the nonnegativity restric- 
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tions on the terminal biomass level B(T) = Br. 
The nonnegativity restrictions require the co- 
state variable to approach a nonnegative limit 
(10g), and the product of the costate and state 
variables to approach zero (10h), as £ ap- 
proaches 7. Condition (10h) implies one of the 
following three cases: (1) B; is positive and A(T) 
= A; 1s zero; (2) Both By and A; are zero; or (3) 
Bzr is zero and A; is positive. 


Case 1. By > 0, Ay = 0. The optimal levels 
of By and Ry must satisfy 


(18a) A(T) = pA'(Rr) — CBr) = 0 
(18b) H(T) = pA(R;) — C(B,)Rr = 0, 


where A(T) is derived from (10a). Condition (18a) 
requires marginal revenue of recovery, pA'(Rr), 
to equal marginal cost, C(B,), at the optimal ter- 
minal recovery and biomass levels. Condition 
(18b) requires average revenue of recovery, 
pA(Rr)/Rr, to equal average cost, C(B;). Both 
conditions are met when marginal revenue equals 
average revenue. Given the concavity of A(R), 
marginal revenue lies below average revenue for 
R > ©, hence equality occurs only when Ry = 
0. Solving (18a) for optimal By when Rr = 0 
yields 


(19) By = ~(1/e,) In(pagA/cy), 


which is restricted to be positive in Case 1, im- 
plying that pagA < co. The optimal terminal stock 
condition (19) requires that B; increase (thereby 
promoting conservation of the stock) as the lim- 
iting marginal profitability of recovering the last 
unit of biomass (16) becomes increasingly neg- 
„ative. 

In Case 1, the producer abandons the soppin- 
abetia before foliage is completely exhausted 
because recovery is no longer economic. Aban- 
donment results in eventual extinction if the stock 
-is driven to a terminal level to the left of the 
minimum viable level (3a), i.e., By < B. Set- 
ting Br < B in (19) implies eventual extinction 
when limiting marginal recovery costs, cg, are 
less than a critical level that increases with the 
minimum viable stock, 


(20) Cy < pagA exp(c,B). 


Alternatively, Cases 2 and 3 above both stip- 
ulate a priori that the optimal abandonment pol- 
icy will result in extinction because By is set to 
zero. The difference between the two cases is 
in the optimal terminal recovery rate, Rr. 
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Case 2. By = Ay = 0. Conditions (18a) and 
(18b) (evaluated at By = 0) continue to be rel- 
evant and require that marginal revenue equals 
average revenue at Ry; hence, Ry continues to 
be identically zero. This is economically rea- 
sonable because specifying that By = A; = 
imposes the restriction that the limiting marginal 
profitability of recovering the last unit equals zero 
[by (19)]. Hence, the terminal recovery rate is 
zero because the producer would have no eco- 
nomic incentive to harvest another unit even if 
it could be produced. 


Case 3. By = 0, Ay > 0. The optimal level 
of R; must now satisfy 


(21a) A(T) = pA'(R;) — C(By = 0) > 0 
(21b) H(T) = pA(Rr) — C(Br = 0)R, 
+ àr[G(Bz = 0) — Ry] = 0. 


Substituting in (2), (4), (5) for G(B), A(R), C(B), 
respectively, and A; from (10a), into (21b), yields 
after some manipulation, 


(21c) H(T) = pA + cody — pA explaqRr) 
[1 + aglas + Ry) = 0. 


Condition (21c) is convex in R, and under the 
specifications of Case 3, has two roots of op- 
posite sign. The positive root is the optimal ter- 
minal recovery level Ry. In contrast to Case 2, 
the optimal terminal recovery rate is positive be- 
cause recovery remains profitable as biomass 
reaches extinction [Àr > 0 implies that the lim- 
iting marginal profitability of recovering the last 
unit 1s positive]. 

Figure 2 shows the unique abandonment tra- 
jectory, AT,, associated with the optimal ter- 
minal pair of recovery rate and biomass stock 
in Case 1. Let the largest biomass level lying 
on AT, be denoted as B,,. Then, the optimal 
abandonment strategy is feasible for initial bio- 
omass levels in the interval By e[B;, B,,]. The 
producer engages this strategy by initially se- 
lecting the unique recovery rate, Rp, lying di- 
rectly above the initial biomass level, By, on AT. 


Optimal Recovery Strategies 


Consider the problem of whether to select an 
optimal continuous strategy or an optimal aban- 
donment strategy over the entre domain of ini- 
tial biomass levels. Assume first that the fea- 
s-ble domains for each strategy do not overlap. 
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This occurs with optimal abandonment trajec- 
tory AT, in figure 2, which is drawn so that AT, 
does not lie anywhere above the upward con- 
vergent separatrix for B > B,. Each strategy is 
the overall optimal strategy within its feasible 
domain, and the superiority of one over the other 
is not an issue. 

Neither strategy is feasible for initial biomass 
levels in the intervals Bo e(0, B;) and By €(B8,), 
B,). The only feasible choice from such initial 
stocks is among suboptimal abandonment tra- 
jectories that eventually intersect either the re- 
covery axis (given relatively “large” initial re- 
covery rates) or the biomass axis to the left of 
B (given relatively “small” initial recovery rates) 
and thus result in eventual extinction. The choice 
among these trajectories must be made by com- 
puting the associated present values. 

In summary, when the feasible domains of the 
optimal strategies do not overlap, the producer 
will select a continuous strategy leading to eco- 
logical balanced use if Bọ = B., or some type 
of abandonment strategy resulting in eventual 
extinction if By < B,. 

Assume, alternatively, that the feasible do- 
mains of the optimal abandonment and contin- 
uous strategies overlap, thereby raising the issue 
of which strategy is superior in the overlapping 
interval. The optimal abandonment trajectory is 
now AT, (dashed path in fig. 2), which lies above 
the upward convergent separatrix for a small in- 
terval of By > B.. Cropper (proposition 1) shows 
in a generalized resource extraction model that, 
when 0 = By = B (as for AT,), a By > B exists 
such that the optimal abandonment strategy is 
superior to the optimal continuous strategy and 
extinction is therefore optimal. Denote this crit- 
ical initial stock as B,,. Then, for By = Ba an 
abandonment strategy is overall optimal, and for 
Bo > Ba the optimal continuous strategy is over- 
all optimal. The economic rationale is that growth 
is sufficiently slow for By < B,, that it does not 
pay to build the stock up toward SS, at the ex- 
pense of foregoing the net benefits of driving 
the stock to extinction. . 


Simulated Areca Nut/Soppinabetta 
Dynamics 


This section uses available case study informa- 
tion to generate numerical simulations of areca 
nut/soppinabetta dynamics in (11). The goal is 
to identify circumstances under which (a) a rep- 
resentative present-value-maximizing producer 
in the study area favors abandonment and even- 
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tual extinction over a continuous recovery strat- 
egy; and, hence, (b) granting ownership of the 
soppinabetta to areca nut producers is not a fea- 
sible strategy for preserving the resource. 

The numerical simulations rely mainly on pa- 
rameter values calculated from information on 
economic and ecological conditions provided in 
case studies of the region found in Gadgil; Gadgil, 
Hedge, and Bhoja Shetty; and Hulgol Service 
Cooperative Society. Table 1 summarizes the 
baseline parameter values derived below. 


Areca nut yield function parameters. Gadgil 
reported an average annual yield, A(R), of 2.56 
tonnes per hectare [173.085 kg/(1/6)ac] with 
the application of an average annual recovery, 
R, of 6 tonnes per hectare (2,434.02 kg/ac). Our 
own consultations with area producers resulted 
in the following values: A = 300 kg/(1/6)ac/ 
yr, and g = 0.9 (the fraction of recovery in fo- 
liage). Inserting these values into areca nut yield 
function (4) gives 


(22) 173.085 = 300(1 — e 6204 ™) 
which can be solved for a = 0.00039. 


Areca nut unit return and discount rate. Gadgil 
reported that the average annual areca nut yield 
of 2.56 tonnes per hectare [173.085/(1/6)ac] 
generated an annual income of approximately 
rupees 38,000 per hectare [Rs 2,564.1/(1/6)ac]. 
Hence, the unit return is calculated as p = 
2,564.1/173.085 = Rs 14.81/kg. The assumed 
nominal discount rate, rjominat = 0.1, is the an- 
nual fixed deposit rate offered by commercial 
banks (Dena Bank, interest rate schedule, 1987). 
The real rate, r = 0.047, is calculated by netting 
out the annual percentage inflation rate (5.3%) 
over the period 1986-87 (Quarterly Economic 
Report of the Indian Institute of Public Opin- 
ion). 


Plant growth parameters. Gadgil reported an 
average standing biomass of 28 tonnes per hect- 
are (11,336 kg/ac) in his study area compared 
to 400 tonnes per hectare (161,944 kg/ac) in a 
good moist deciduous forest. The annual pro- 
ductivity of the above two types of forest were 
3 tonnes per hectare (1,214.58 kg/ac) and 20 
tonnes per hectare (8,097.2 kg/ac), respec- 
tively. These values are inserted into G(B) in (2) 
to form the following two simultaneous equa- 
tions: 
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(23a) 1,214.58 = —a + a,(11,336.1) 


— b(11.336.1’) 
(23b) 8,097.20 = —ay + a,(161,944) 
— b(161,944?). 


Applying Cramer’s Rule to solve this system for 
a, and b in terms of ap yields 


(24a) a 


(24b) b 


where dy, is discussed below. 


Recovery and cultivation unit costs. A case 
study by the Hulgol Service Co-operative So- 
ciety reported that an average of 42 laborer days 
per acre were employed annually to recover fo- 
liage biomass from the soppinabetta. This re- 
sults in a total recovery cost of rupees 630 per 
acre when multiplied by the average payment 
per latorer day (Rs 15 per laborer) (obtained in 
our own consultations with producers). Assum- 
ing that this total recovery cost is associated with 
Gadgil’s reported figures on the average annual 
recovery rate of 6 tonnes per hectare (2,434.02 
kg /ac) at the average biomass level of 28 tonnes 
per hectare (11,336.1 kg/ac), the unit cost of 
recovery is calculated as rupees 0.26 per kilo- 
gram (630/2,434.02). Hence, one point on the 
unit cost curve is C(B,) = 0.26 and B, = 
11,336.1. Unit cost function (5) can be used to 
solve for c, in terms of cy at this point: 


(25) c, = —(1/11,336.1) In(0.26/c,), 


where Cy is discussed below. 


Parameters Gg and Co. Recall that a) deter- 
mines the minimum viable stock level, B, in (3a), 
Cp is the limiting marginal cost of harvesting the 
final unit of foliage biomass in (16), and that 
both parameters are critical in determining 
whether the optimal abandonment strategy de- 
rived in Case 1 above (the only case not spec- 
ifying extinction a priori) results in extinction by 
(20). 

Unfortunately, information was not found to 
calculate these key parameters. The best that can 
be done currently is to simulate system (11) over 
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wide intervals for ag and cy to determine a range 
of dynamic behavior. Hence, four simulations 
were run alternating between high and low val- 
ues for each. Growth parameter ay was set so 
that the minimum viable stock, B, alternated be- 
tween a “low” of approximately 3,000 kilo- 
grams per acre and a “high” of 9,000 kilograms 
per acre. Cost parameter cy alternated between 
a “low” level (0.3 Rs/kg) not satisfying the ex- 


a 11,336.17 — 161,944") + (8097.2)(11,336.1*) — (1214.58)(161,944") 
g (161,944)(11,336.17) — (11,336.1X(161,944°) 
_ ag(11,336.1 — 161,944) + (8,097.2)(11,336.12) — (1,214.58)(161,944) 
7 (161,944)(11,336.12) — (11,336.1)(161,944?) 


3 


tinction condition (20) for Case 1 above, and a 
“high” level (1.70 Rs/kg) satisfying it. 

Each simulation recalculated growth param- 
eters a, (24a) and b (24b), and cost parameter 
c, (25) so that the growth (2) and unit cost (5) 
functions continued to run through their respec- 
tive observed data points, thereby maintaining 
use of this information (table 1). Increasing ap 
under these conditions squeezes the biomass zero- 
change isocline inward so that the new curve 
has a larger maximum sustained yield at a smaller 
stock level, a larger minimum viable population 
level, and a smaller carrying capacity (fig. 3a). 
Increasing Co (from Cg; to Co.) under these con- 
ditions causes the unit cost curve to pivot around 
the observed data point with unit costs lying 
above (below) the old curve for stocks smaller 
(larger) than the observed point (fig. 3b). 


Simulation Results and Discussion 


Figures 4a—-d show the numerically generated 
phase diagrams associated with each simula- 
tion. The inset to figure 4c enlarges the portion 
containing the optimal abandonment trajectory 
in order to highlight its location relative to the 
optimal continuous recovery trajectory. Table 2 
simmiarizes steady-state stock and recovery lev- 
els along with eigenvalues and sufficient con- 
ditions (12) and (13) calculated for each steady 
state. Because figure 4 and table 2 are fairly 
comprehensive, the paper forgoes discussion of 
each simulation separately in favor of a general 
discussion summarizing the impacts of alternat- 


* The phase ciagrams were generated by the BDPHS subroutine 
of Dynamical Software, Dynamical Systems, Tucson AZ. 


Bhat and Huffaker Property Rights and Forest Preservation 385 


G(B) 


(a) 





| Ly Be = 13,869 Busy ™ 93,004 


Bay = 9, 289 


Figure 4b. Phase diagram for low c and high 





Figure 3. (a) Impact on G(B) of increase in 
a; (b) impact on C(B) of increase in c (dashed 
curves are post-increase curves) 





ing between high and low levels for cọ and B nce 
under the previously stated conditions. 

Three of the simulations (figs. 4a, b, d) pro- 
duce the single positive saddle point variation 
of figure 2 wherein the leftward portion of the 
recovery isocline (RJ) lies above the biomass is- 
ocline (BI). Alternatively, the high co—-low B 
simulation (fig. 4c) produces the three-steady- 
state configuration shown in figure 2. Two steady 
states are added because high cg positions Ri 
further to the right [by decreasing limiting mar- 


Figure 4c. Phase diagram for high cy and 
low B. The inset enlarges the diagram in the 
area of the unstable focus By, Ry, 


Lys, - 14,662 Busy * 94,004 
By, * 9,160 
By = 321 


BY » 158,380 


Re m 6,276 Figure 4d. Phase diagram for high c, and 
high B 


Ry * 1,391 





ginal profitability (16)] and low B positions BI 
| b Be = 14,708 Bay = 122,687 further to the left. The middle steady state, SSy, 

E is an unstable focus. The higher-biomass steady 

Figure 4a. Phase diagram for low cọ and low state, SSy, is the only approachable equilibrium 
B meeting the nonnegativity conditions on B and R. 
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Table 2. Steady States, Stability, and Sufficient Conditions 





Low B High B 
low co (B*, R*) = (158380, 8276) (B*, R*) = (158060, 9688) 
Eigenvalues = —.083, .130 Eigenvalues = —.433, .480 
First principal minor = —3.0E-5 First principal minor = —1.8£-5 
Second principal minor = .43 Second principal minor = .06 
high Ca (By, Ry) = (85656, 8306) (B*, R*) = (87282, 22280) 


Eigenvalues = —.042, .089 
First principal minor = --3.0£-5 
Second principal minor = .43 

(By, Ry) = (1786, —219) 
Eigenvalues = .024 + .30i 

(B,, Ri) = (~513945, —254190) 
Eigenvalues = —.502, .549 
First principal minor = —3.1E-35 
Second principal minor = —2.7E80 


Eigenvalues = —.119, .167 
First principal minor = —2.2E-7 
Second principal minor = 2.4E-5 


The saddle points in figures 4a, b, d, and SS, 
in figure 4c all meet sufficient conditions (12) 
and (13). Hence, the upward convergent separ- 
atrix associated with each is the optimal contin- 
uous strategy for Bo € [B,, By], and the down- 
ward convergent separatrix is the same for Bo € 
[B,, ©).’ Interestingly, the initial feasible bio- 
mass stock on the upward convergent separa- 
trix, B,, varies little with changes in either cp or 
B. The intervals containing B, ranged from 
(13868, 13869) for low co/high B (fig. 4b) to 
(16811, 16812) for high cọ/low B (fig. 4c).° 
Moreover, the feasible domains of the optimal 
continuous strategy and the optimal abandon- 
ment strategy do not overlap in any of the sim- 
ulations. Hence, each strategy is overall optimal 
in its feasible domain. 

The major impacts of increasing co, while 
holding B constant at either a low or high level, 
are mostly felt in the equilibrium stock, B*, and 
the optimal terminal stock, By, and recovery rate, 
Rr. For low cg (figs. 4a, b), B* is to the right 
of the maximum sustained yield stock, Bry, 
(thereby guaranteeing a saddle-point equilib- 
rium), and is a large percentage of the carrying 
capacity, B (67% for low B and 88% for high 
B). However, for high co (figs. 4c, d), B* is to 
the left of B,,,, (calculated eigenvalues indicate 


7 The Iccation of the upward convergent separatrix associated with 
(By, Ry), for example, was approximated by fixing B = By and 
repeatedly numerically solving.(11) for iterated values of Rp. The 
procedure stopped when consecutive recovery levels produced tra- 
jectories veering away from steady state in opposite directions. The 
convergent separatrix is sandwiched between these trajectories. 
Hence, although the trajectory emanating upward from SS, in fig- 
ure 4c. appears to be a single trajectory eventually splitting into two 
branches, it is actually two trajectories beginning from slightly dif- 
ferent initial conditions. 

ê The interval of biomass levels around B, is the biomass-axis 
intercepts of the trajectories bounding the convergent separatrix. 


that B* remains a saddle-point equilibrium), and 
is a much smaller percentage of B (36% for low 
B and 49% for high B). The reason that B* 
moves to the left is that increased cy) causes the 


“new unit cost curve to lie below the old curve 


for biomass levels to the right of the observed 
data point (B = 11,336.1). This decreases the 
recovery cost savings of maintaining the larger 
equilbrium stocks in figures 4a, b. 

Consider now the impact of cy on the optimal 
terminal point (Br, R7). For low co (figs. 4a, b), 
limiting marginal profitability (16) is positive, 
hence the simulations follow Case 3 above where 
B; = 0 and Ry > Q. For high cy (figs. 4c, d), 
limiting marginal profitability (16) is negative, 
hence the simulations follow Case 1 above where 
Br > 0 and Ry = 0. 

The major impacts of increasing B (while 
holding cp constant at either a high or low level) 
occur in the steady state recovery rate, R*, and 
the largest biomass stock on the optimal aban- 
donment trajectory, B,,. When B is low (figs. 
4a, c), steady-state recovery ates are similar for 
low co (R*®* = 8,276 kg/ac/t) and high co (R* 
= 8,306 kg/ac/t). However, when B is high 
(figs. 4b, d), steady-state recovery rates in- 
crease and are markedly different for low cy (R* 
= 9,688 kg/ac/ and high ce (R* = 22,280 kg/ 
ac/t). Steady-state recovery rates increase be- 
cause the associated steady-state biomass levels 
are situated to the left of the far-right observed 
data point (B, = 161,944 kg/ac) and the bio- 
mass isocline shifts upward in this region (fig. 
3a). This increase is exaggerated in figure 4d 
because the steady state is near the peak of BI. 

Biomass level B,, tracks B closely in the four 
simulations. When B is at its low level of ap- 
proximately 3,000 kolograms per acre (figs. 4a, 
c), Ba equals 2,974 kilograms per acre (low co) 
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or 3,467 kilograms per acre (high co). For high 
B = 9,000 kilograms per acre, Ba, is 9,280 ki- 


lograms per acre (low co) or 9,160 kilograms. 


per acre (high co). 


Conclusion 


What do the above results imply about the con- 
ditions under which private ownership by a rep- 
resentative areca nut producer preserves the sop- 
pinabetta? The key parameters determining 
whether the representative producer selects a 
continuous recovery strategy over an abandon- 
ment strategy when their associated feasible do- 
mains do not overlap are By (the initial stock 
level) and B., (the stock initializing the optimal 
continuous recovery strategy). When By > Ba, 
an optimal continuous recovery strategy leading 
to ecologically balanced use is overall optimal. 
In contrast, when By) < B., the producer selects 
the optimal abandonment strategy if By € [Br, 
B,,], or a suboptimal abandonment strategy oth- 
erwise. The simulations, run for a wide range 
of growth and unit cost curves, produce rela- 
tively narrow ranges for B, of approximately 
13,868 kilograms per acre (fig. 4b) to 16,812 
kilograms per acre (fig. 4c), and for Ba of 3,467 
(fig. 4a) to 9,280 (fig. 4b). 

Suppose that the average foliage level re- 
ported by Gadgil is the stock that the represen- 
tative producer, just granted property rights to 
the soppinabetta, initially faces, i.e., By = 11,336 
kilograms per acre. This initial level falls below 
the calculated range for B, and above the cal- 
culated range for Ba; hence, the optimal con- 
tinuous recovery strategy and the optimal aban- 
donment strategy are both infeasible. Only 
suboptimal abandonment strategies, producing 
eventual extinction of the stock, are feasible from 
this initial stock level. 

Privatization will not- preserve the soppina- 
betta under these circumstances. However, the 
government could increase the prospects for 
preservation by imposing a pre-privatization pe- 
riod of regulated use designed to increase initial 
biomass levels under privatization beyond the 
calculated range for B,. The length and efficacy 
of such a regulatory period depend on how far 
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the stock is allowed to drop under the current 


regime and whether it declines below the min- 


imum viable level, B. Clearly, the government 
must move fast because Gadgil estimates that 
current average use will deplete the stock within 
a decade. 


[Received November 1989; final revision 
received July 1990.] 
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Impact Targets versus Discharge 
Standards in Agricultural Pollution 


Management 


John B. Braden, Robert S. Larson, and Edwin E. Herricks 


When attempting to protect fish in streams, sediment or erosion targets are inefficient. 
Use of a habitat suitability target reveals lower cost abatement measures because it 
accounts for pesticides as well as soil particles. In Lake Michigan case studies, the 
lower cost measures involve more crop diversity, less use of no-till, and changes on 
more acres than the solutions based on sediment discharges or erosion rates. 


Key words: environmental policy, fish, nonpoint pollution, cptimization, targets. 


Protecting water quality has been avowed as a 
major objective of soil conservation programs 
(U.S. Department of Agriculture). Yet, con- 
trolling soil movement continues to be stressed 
in practice; an example is the Conservation Re- 
serve Program’s emphasis on highly erodible 
lands. The effectiveness of protecting water 
quality by stabilizing soil is an open question. 

This paper quantifies the economic losses from 
the use of soil movement rather than water qual- 
ity criteria for the attainment of an important 
water quality goal—-protection of habitat for high- 
valued fish species. The estimates are based on 
a case study of Lake Michigan tributaries. The 
case study also indicates the differences in farm- 
ing practices when habitat is protected by con- 
trolling soil movement alone versus managing 
both scil and pesticide pollution. 

The analysis extends the methods used pre- 
viously by Braden et al., Crowder and Young, 
Heimlich and Ogg, Milon, Park and Sawyer, and 
Park and Shabman. The common theme of those 
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studies is the linking of land management eco- 
nomics to off-site consequences. The usual aim 
has been to compare various policies for meet- 
ing specified levels of pollutant loads. 

The present study goes beyond previous work 
by considering predicted impacts on fish habi- 
tat. The costs and management implications of 
actual environmental damages, as well as of 
emissions and pollutant loads, then can be as- 
sessed. These three performance measures con- 
form to the policy targets defined by Nichols— 
emissions, exposure, and damages; however, his 
“damage” category implies economic evalua- 
zion of the impacts, while no such evaluation is 
attempted here. Insight into the inefficiencies 
introduced by inexact targets is important in 
evaluating whether to incur the additional costs 
of measuring and monitoring actual damages. 


Economic Model 


The economic model portrays a fully informed 
watershed planner. The planner’s objective is to 
achieve environmental goals at least cost. Dif- 
ficulties of attaching values to environmental 


impacts frequently lead to the use of such sec- 


ond-best cost-effectiveness criteria (Baumol and 
Oates). 

The decision context involves stochastic risks 
cf environmental impacts. The environmental 
consequences of interest depend in part on the 

verity and timing of weather events in relation 
to crop cover and chemical use. All of these fac- 
tors can vary over a planning horizon. Under 
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such circumstances, the planner’s decision 
framework follows in spirit the models of Beavis 
and Walker and Lichtenberg and Zilberman. Let 
C(x) be a primal cost function defined over choice 
variables in the vector x, g(x, £) be an environ- 
mental quality production function, € be a sto- 
chastic disturbance term, Q be a target level of 
minimum environmental quality, and A be a 
measure of reliability (the probability of achiev- 
ing Q). The cost-effectiveness decision is 


(D J = Min C(x), s.t. Prlg@, €) = OJ ZA. 


This framework anticipates that higher quality 
can be achieved only by sacrificing cost or re- 
liability or both. Greater reliability presents sim- 
ilar tradeoffs. 

The environmental quality and reliability tar- 
gets in (1) may be difficult to measure and mon- 
itor. Contributing factors, such as emissions or 
pollutant loads reaching the stream, may pro- 
vide alternative policy targets. Suppose that the 
function g(@) can be rewritten as 


(2) q = qx, h8), £), Cx, x Œ$, 


where A(®) is an intermediate environmental 
quality indicator, such as emissions or pollutant 
loads. The planner then may consider the alter- 
native policy: 


(3) J = min C(x), s.t. Pr[k@) = H] SB, 


where the intermediate objectives H and B are 
based on knowledge about the stochastic rela- 
tionship between h(®) and final objectives Q 
and A. 

For achieving Q and A, the management 
choices based on (3) will never be less costly 
than selections based on (1). Fewer choice vari- 
ables (instruments) are relevant to the perfor- 
mance measures, and those measures are inex- 
act proxies for the final objectives. The extent 
of the inefficiency and the nature of the man- 
agement miscalculations are empirical ques- 
tions. 


Model Implementation 


The empirical model has been described in de- 
tail by Braden, Herricks, and Larson; and Lar- 
son, Herricks, and Braden. It consists of a ver- 
sion of the Sediment Economics (SEDEC) model 
(Braden et al.; Bouzaher, Braden, and Johnson; 
Johnson et al.) that is extended to include (a) 
seasonality of sediment loads; (b) pesticide losses, 
toxicity, and concentrations; and (c) effects of 
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sediment and pesticides on the habitat require- 
ments of selected fish species. 

Briefly, pollutant transport submodels for 
sediment and pesticides relate farming practices 
to pollutant delivery to waterbodies. SEDEC 
places these relationships in a spatial optimiza- 
tion framework, permitting the planner to iden- 
tify the optimal type and location of interven- 
tions to achieve particular goals. 

The pollutant loads are translated into habitat 
quality and reliability through habitat suitability 
models (U.S. Fish and Wildlife Service). These 
models are calibrated for individual species, of 
which more than forty have been characterized. 
Habitat suitability indices (HSI) are unitless 
numbers ranging from zero (poor) to one (ex- 
cellent). They capture the combined effects of 
relevant habitat parameters, such as tempera- 
ture, substrate conditions, and concentrations of 
contaminants. 

Timing is extremely important in determining 
the effects on fish of soil and farm chemicals 
washed into streams by storm events. Monte 
Carlo simulations based on historical weather 
records, planting dates, and chemical applica- 
tion practices are used to capture these stochas- 
tic factors. The simulation outputs are proba- 
bility distributions of pollutant discharges and 
habitat impacts. The probability distributions 
identify the likelihood (reliability) of achieving 
any specific suitability index level with a par- 
ticular watershed management scenario. 

The mathematical expression for the imple- 
mented model is a modified and elaborated ver- 
sion of problem (1) above. In addition to the 
earlier notation, let counting index j, j = 1,..., 
J, refer to subwatersheds and index i,i=1,..., 
I’, denote all possible combinations of manage- 
ment practices on the land units within a partic- 
ular subwatershed. Each i will be called a man- 
agement path. Variable x; © [0, 1] is binary and 
represents a management path in subwatershed 
j. Because only one such path can be chosen in 
each subwatershed, 2;x,; = 1 for all j. PC, is 
the probability of pesticide concentrations ex- 
ceeding a particular suitability level O*; PS; is 
the probability of sediment suitability exceeding 
Q* in season g; and A is the target level of re- 
liability. Variable a; is area of subwatershed j 
and fy is the predicted median runoff from man- 
agement path i of subwatershed j. The decision 
problem is: 


Jou 
Min C(x) = >; Ss Cy Xi 


j=] i=] 


(4a) 
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Constraints (4b) and (4c) are weighted-average 
probabilities of exceeding the target suitability 
level for pesticides and sediment, respectively. 
Variables a; and f; are weighting terms used to 
reflect the relative contribution of each subwa- 
tershed. 

A solution to this problem reveals the man- 
agement choices that will achieve specified hab- 
itat quality and reliability levels at least cost. 
Varying the constraints will show the trade-offs 
between cost, quality, and reliability. More im- 
portant, the model can be modified to constrain 
emissions or pollutant loads. The resulting so- 
lutions can be run through the habitat simula- 
tions to reveal how close they come to protect- 
ing quality and reliability. Doing so reveals the 
efficiency losses due to the use of intermediate 
targets. | 

Different targets should be good substitutes 
for policy purposes if they are closely correlated 
(Nichols). In that case, management prescrip- 
tions optimal for one indicator should be nearly 
optimal (although possibly second-best) for the 
other indicator. 

In the case of agricultural pollution and fish 
habitat, timing can cause critical differences be- 
tween emissions, releases, and habitat suitabil- 
ity. The timing effects come through decay in 
pesticide toxicity and the seasonal patterns of 
rainfall, erosivity, crop conditions, and fish 
spawning requirements. 

Another source of divergence between targets 
is oversimplification. Environmental damages 
are frequently the outcome of complex pro- 
cesses involving many factors. Targets based on 
a subset of the processes may miss some im- 
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portant contributing factors. For example, ero- 
sion rates and sediment loads may not effec- 
tively represent the fates of soluble pesticides. 

The size of the losses due to the use of proxy 
targets 1s an empirical matter. Insights are de- 
veloped in a case study of sport fish protection 
in tributaries to Lake Michigan. 


Case Study 


Active sport fisheries have been successfully de- 
veloped in Lake Michigan over the past two de- 
cades with substantial economic benefits for the 
near-shore area. Chinook, coho, steelhead, and 
other salmonids are the most prized varieties. 

The salmonid populations have been sus- 
tained and enhanced through extensive stock- 
ing. Natural spawning has been limited in many 
tributaries by nonpoint pollution from farmland 
and by channelization that eliminates habitat 
while enhancing drainage. These factors not only 
compel continued stocking, they also reduce the 
range of seasonal salmon migrations. The mi- 
grations are highly valued by individuals and 
communities near the lake who seek to lengthen 
and enhance the fish runs. 

The model was applied to two agricultural 
subwatersheds in Berrien County, Michigan, 
along Lake Michigan’s southeastern shore. The 
Pipestone Creek site drains to the St. Joseph River 
and on to Lake Michigan. The states of Mich- 
igan and Indiana are working together to extend 
the salmon runs in the St. Joseph River system. 
The river and its tributaries have been abun- 
dantly stocked with juvenile sport fish in recent 
years. Portions are classified as trout streams. 
However, the segment of Pipestone Creek cho- 
sen for study has been channelized and the silty 
substrate is poor for spawning and fry devel- 
opment. The 93 hectare (ha) study site contains 
gently sloping farmland with silty and loamy 
soils. 

The Galien River (east branch) site is part of 
a smaller river system that also is classified for 
trout. The habitat conditions are good for sal- 
monids with a meandering channel, cobble and 
gravel substrate, and pools interspersed with rif- 
fle segments. The study site contains 139 hect- 
ares of gently sloping farmland with sandy and 
loamy soils. 


Data 


Catchments and transects were defined from U.S. 
Geological Survey topographic maps. Manage- 
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ment units were identified from Soil Conser- 
vation Service (SCS) soil survey maps, plat maps, 
and Agricultural Stabilization and Conservation 
Service aerial photographs. Soils information, 
including productivity classifications, also came 
from soil surveys (U.S. Soil Conservation Ser- 
vice). Rainfall distributions were based on a fifty- 
seven-year record for nearby Eau Claire, Mich- 
igan. Basic stream data were compiled through 
fieldwork. 

Coefficients for the Universal Soul Loss Equa- 
tion (Wischmeier and Smith) and crop budgets, 
including pesticide application rates and as- 
sumptions about the timing of farming opera- 
tions, were prepared by experts in the Michigan 
Cooperative Extensive Service and the SCS (J. 
Black, Dep. Agr. Econ., Michigan State Uni- 
versity, personal communication 1988). Corn, 
grains, and soybeans are the most common farm 
crops in Berrien County, although orchards, 
vegetables, and vineyards also are present. The 
crop-cover (C) factors for the USLE were dis- 
aggregated for crop growth phases, and vari- 
ability was introduced following Thomas, Sni- 
der, and Langdale. Twelve possible cropping 
systems were considered, consisting of combi- 
nations of two rotations—wheat-corn (3)-soy- 
beans (WCCCS) and alfalfa (3)-corn (2) 
(AAACC), three tillage methods—moldboard 
plowing, till-planting, and no-till, and two me- 
chanical practices—vertical plowing and con- 
tour plowing. These options are typical of the 
area, and the rotations make use of similar pes- 
ticides. Three pesticides were selected for study: 
Atrazine, Furadan, and Bladex. Atrazine and 
Bladex use does not vary with tillage practices, 
while Furadan is used in fewer years when til- 
lage is reduced. Assumed crop prices were $60 
per ton for alfalfa hay, $2.25 per bushel for corn, 
$5.40 per bushel for soybeans, and $2.30 per 
bushel for wheat. 

Chemical toxicity data for salmonids were ob- 
tained from Mayer and Ellersieck and incorpo- 
rated into habitat relationships using the tech- 
niques developed by Herricks and Braga. Physical 
suitability relationships were adapted from ex- 
isting HSI models (e.g., Raleigh et al.). 


Analysis 


The SEDEC model was used to determine the 
economically optimal management practices for 
meeting sediment targets. The consequences for 
fish habitat suitability of the practices that op- 
timally control sediment were determined using 
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the extended model (without optimizing for suit- 
ability impacts). A similar approach was fol- 
lowed for erosion targets. The analysis also was 
performed in reverse—the optimal practices were 
determined with respect to suitability targets and 
the sedimentation and erosion consequences of 
those practices were traced. Finally, the sub- 
watershed suitability target was applied to all in- 
dividual catchments to assess the consequences 


_ of imposing uniformity throughout the stream 


reach. 

While any suitability, sedimentation, or ero- 
sion levels could be selected for analysis, levels 
of 0.5, 0.7, and 0.9 were chosen here. These 
cover average to very good suitability condi- 
tions, on the assumption that poor conditions are 
not relevant environmental targets. 


Results 


The results are summarized as cost frontiers re- 
lating the minimum losses in farming profits as- 
sociated with attaining particular environmental 
targets. The cost estimates do not reflect differ- 
ences in farmer risks that may accompany dif- 
ferent management systems; they assume that 
watershed management can be highly selective; 
and they assume all farmers would settle for the 
minimum compensation. 

Figure 1 shows the cost curves for the two 
study sites assuming the extreme habitat suit- 
ability targets of 0.5 and 0.9 and allowing re- 
liability to vary. The costs are per hectare for 
comparison, although the costs are borne un- 
evenly across management units as a result of 
the optimization. 

The curves are quite different for the two sites, 
and this is attributable to the different back- 
ground conditions. The Galien site is already 
highly suitable and reliable for salmonids, while 
Pipestone is not. Thus, the costs are greater for 
attaining high reliability levels at Pipestone. 

The curves for the 0.5 suitability level extend 
to higher levels of reliability than do the 0.9 
curves. This suggests that the best practices for 
usual weather circumstances (that dominate the 
suitability determination) are not the same as the 
best practices for extreme conditions (that dom- 
inate reliability). Furthermore, conservative 
farming practices alone cannot achieve high lev- 
els of suitability with high reliability. The dual 
extremes would require either land use changes 
more substantial than those considered here or 
supplementary measures within the stream 
channels. 
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ties, Pipestone Creek and Galien River sites 


The constraint on pesticide suitability is non- 
binding at low levels of reliability. The pesticide 
constraint does not become binding until rather 
high probabilities of exceeding the target suit- 
ability levels are reached, at which point the risk 
of excessive sediment accumulation is relatively 
low. (The reliability level at which pesticides 
become important varies inversely with the suit- 
ability level). These findings are consistent with 
the consensus among fisheries biologists that 
deteriorated substrate conditions are most re- 
sponsible for the general degradation of fish 
populations in midwestern streams (e.g., Smith). 

For the comparison of targets, figures 2 through 
5 display the cost-suitability frontiers for (a) tar- 
geting directly on suitability; (b) constraining the 
total sediment load in the watershed; (c) con- 
straining the sediment load from each catch- 
ment; and (d) constraining the soil erosion on 
each LMU, and the frontier from targeting di- 
rectly on suitability. The 0.5 and 0.9 levels of 
suitability illustrate extremes. 

The figures show that a sediment target rea- 
sonably approximates a habitat suitability target 
only over a limited range. The approximation 
grows worse as pesticides play a greater role in 
suitability determination, i.e., at higher levels 
of reliability where the pesticide suitability con- 


Minimum costs of achieving selected salmonid habitat suitabilities and reliabili- 


straint is controlling. Because the critical pes- 
ticides are in solution, and because sediment 
runoff is not necessarily correlated with runoff 
volume or concentration, “targeting” sediment 
is a poor way to deal with pesticide effects. 

Comparisons of the figures suggests that the 
range of reasonable approximation shrinks as the 
suitability target is raised. This shrinkage occurs 
because the pesticide constraints bind at lower 
reliability levels when suitability targets are 
higher. 

The sediment and erosion target curves in fig- 
ures 2 through 5 are not smooth because some 
strategies (e.g., alfalfa rotations) used to control 
soil movement also lower pesticides while oth- 
ers (e.g., no-till) can increase pesticide concen- 
trations in runoff. Erosion and sedimentation 
targets take no account of the pesticide conse- 
quences and result in higher costs and greater or 
lesser reliability depending on the nature of the 
sediment control regime. 


Management Implications 
Optimal management scenarios for the HSI tar- 


get are summarized in table 1, and correspond- 
ing results for the alternative targets appear in 
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Figure 2. Cost of salmonid reliability with selected discharge targets and impacts, Pipestone 
Creek, HSI = 0.5 
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Figure 3. Costs of salmonid reliability with selected discharge targets and impacts, Pipe- 
stone Creek, HSI = 0.9. 
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Figure 4. Costs of salmonid reliability with selected discharge targets and impacts, Galien 
River, HSI = 0.5 
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Figure 5. Cost of salmonid reliability with selected discharge targets and impacts, Galien 
River, HSI = 0.9 
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Table 1. 


Pipestone Creek and Galien River Sites 
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Optimal Management Summaries for Selected Salmonid Suitability /Reliability Levels, 





Management Practices 


Salmonid 
HSI /Reliability Rotation Tillage 
(% ha (% Mold- 
WwCcccs) board) / 
(% No-till) 
Pipestone Creek 
Baseline 100 67/6 
0.5/0.40 100 55/17 
0.5/0.80 91 27/28 
0.9/0.40 92 48/28 
0.9/0.80 72 18/31 
Galien River 
Baseline 100 42/22 
0.5/0.40 100 42/22 
0.5/0.80 82 26/26 
0.9/0.40 87 35/24 
0.9/0.80 64 24/17 


table 2. The selection of performance goals for 
table 2 was limited because some or all of the 
alternative targets could not achieve reliability 
of 0.8 at Pipestone with either the 0.5 or the 0.9 
HSI, nor at Galien with 0.9 HSI. 

In the baseline case, without habitat con- 
straints, the WCCCS rotation and a combination 


Extent of Management 


Mechanical Changes Cost 

(% Verticle) (% Area) (% units) ($/ha) 
93 0.00 
93 13 5 0.43 
93 33 ii 2.30 
93 30 26 0.57 
93 71 80 11.03 
87 0.00 
87 0 0 0.00 
84 4] 17 1.60 
87 33 18 0.45 
84 65 73 8.77 


of tillage practices are implemented at both sites. 
As indicated in table 1, tightening the habitat 
constraint initially (the 0.5/.40 case) prompts 
greater use of no-till WCCCS. Requiring reli- 
ability of .80 causes a shift away from no-till 
WCCCS and toward the AACCA rotation. The 
greater availability and concentration of pesti- 


Table 2. Comparison of Watershed Management for Selected Alternative Pollution Abate- 
ment Targets and Impacts, Pipestone Creek and Galien River Sites 





Impact 
HSI/Reliability 


0.5/0.40 


0.9/0.40 


0.5/0.80 


0.9/0.40 


Target 


Gross Sed. 
Catch Sed. 
Unit Erosion 


Gross Sed. 
Catch Sed. 
Unit Erosion 


Gross Sed. 
Catch Sed. 
Unit Erosion 


Gross Sed. 
Catch Sed 
Unit Erosion 


Rotation 


(% ha 
WCCCS) 


Management Practices 


Extent of Management 


Tillage Mechanical Changes Cost 

(% Mold- (% Verticle) (% Area) (% units) ($/ha) 
board) / 

(% No-till) 

Pipestone Creek 

55/17 93 5 2 0.43 
53/19 93 7 3 0.50 
51/26 93 13 8 4.39 
51/26 93 21 15 2.51 
53/31 93 24 19 7.87 
49/44 93 36 25 5.47 

Galien River 
42/20 87 2 1 1.73 
40/20 87 5 2 1.84 
35/28 87 12 21 2.63 
44/32 87 27 8 2.72 
41/33 87 31 12 4.81 
33/41 87 37 33 6.02 
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cides with no-till accounts for this shift. Tight- 
ening the constraints also requires that changes 
be made in more management units and more 
acres. 

For each site, the mechanical practices change 
little or not at all with different constraints be- 
cause contour and vertical plowing perform very 
similarly on the long gentle slopes of the sites. 

In comparing tables 1 and 2, the erosion and 
sediment targets generally lead to more acreage 
in the WCCCS rotation and more no-till. (An 
exception to the no-till result appears in the Gal- 
ien 0.5/.80 case, but more use of conservation 
tillage with the HSI/Reliability target accounts 
for this apparent anomaly.) These results are as 
expected and are more pronounced, respec- 
tively, for gross sediment, catchment sediment, 
and erosion, that is, as the target becomes fur- 
ther removed from fish habitat. 

An unexpected result, at least for the sedi- 
ment targets, is that less area and fewer man- 
agement units are involved in the solutions, al- 
beit at higher overall costs. An interesting 
implication is that if administrative costs in- 
crease with the area and number of farms in- 
volved in abatement actions, the ostensible ef- 
ficiency gains of using suitability/reliability 
targets could be offset. 


Conclusions 


This study suggests that protecting fish habitat 
can be quite distinct from reducing agricultural 
erosion or sediment discharges. Policies that ad- 
dress sediment or erosion effectively are less ef- 
fective in protecting habitat, especially at high 
suitability and reliability levels. This is because 
soluble pesticides dominate extreme suitability 
and reliability conditions, and the correlation to 
sediment loads is not high. This result is not sur- 
prising because fish respond to multiple quali- 
ties of the stream channel. Single-dimensional 
policies will be effective only if the dimension 
chosen is highly correlated with overail suit- 
ability. 

A specific policy concern involves no-till 
farming. No-till has been widely encouraged. 
At least in the cases studied here, this approach 
appears sound with respect to erosion and sedi- 
mentation. But the consequences for fish, and 
perhaps other wildlife, may be perverse; no-till 
sometimes involves greater use of pesticides, 
which are not as fully incorporated, while it also 
reduces runoff volume. Nonincorporation means 
that less water will move more chemicals. The 


Amer. J. Agr. Econ. 


results point toward the desirability of no-till 
systems that better control pesticide releases. 

Another policy issue involves the apparent 
desirability of heterogenous cropping systems in 
a watershed. When suitability and reliability goals 
are high, changes in tillage and mechanical 
practices are inadequate. Crop changes are needed 
(unless stream channel measures are under- 
taken), and the changes entail more diversity. 
More diversity reduces the probability of any one 
chemical exerting influence in a particular 
weather event. Agricultural policies favoring the 
cultivation of fewer crops may hamper efforts 
to attain high quality stream fisheries in some 
areas. 

The results suggest that less area and fewer 
farms are affected by targeting on sediment than 
on suitability. Thus, the apparent disadvantages 
of sediment targets may be less pronounced when 
administrative costs are considered. 

Finally, the differences between targets in the 
costs of attaining particular quality /reliability 
goals are the potential gains from intensive water 
quality monitoring and measurement to fine tune 
abatement efforts. Intensive programs will un- 
doubtedly be quite costly. There is apparently 
little to gain when quality/reliability goals are 
modest or when existing conditions are gener- 
ally good. The emissions or exposure targets 
perform reasonably well. For fish habitat pur- 
poses, the gains from intensive programs prob- 
ably warrant the costs only where they stand a 
good chance of greatly improving habitat for 
high-value species. 


[Received August 1989; final revision received 
June 1990.] 
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Tax Reform and Land-Using Sectors 
in the U.S. Economy: A General 
Equilibrium Analysis 


Roy Boyd and David H. Newman 


A computable general equilibrium model of the U.S. economy is used to assess the 
effects of the Tax Reform Act of 1986 on land-using sectors (forestry and three classes 
of agriculture). The model’s components include twelve production sectozs, six 
consumer groups, a balanced-budget government sector, and a zero surplus foreign 
sector. In relative terms, Tax Reform reduces total value added output in land-using 
sectors to a greater extent than other sectors in the economy. Experiments are also 
performed comparing partial and general equilibrium specifications of the economy and 


the impact of choice of input substitution elasticities. 


Key werds: general equilibrium, land use, tax policy, Tax Reform Act of 1986. 


The sweeping changes brought about by the Tax 
Reform Act of 1986 (TRA ’86) directly im- 
pacted more economic activities in the United 
States. Among land-using sectors, numerous tax 
provisions were changed, and these changes have 
been the subject for several partial equilibrium 
(PE) analyses. Income from timber harvests, for 
example, is no longer eligible for preferential 
capital gains treatment. Both Guertin and Ride- 
out, and Greene and Kleunder calculated sub- 
stantial private revenue losses due to higher costs 
when applying the new (higher) tax rates to a 
number of different land quality and ownership 
classes. Similarly, because farmers can no longer 
benefit from the Investment Tax Credit (ITC) or 
accelerated depreciation, producer profit-max- 
imization models by Leblanc and Hrubovcak, 
and Boehlje and Carman predicted much higher 
capital costs for various crops in the future. A 
fundamental shortcoming of these studies is that 
they focus on a particular sector, separate from 
the rest of the economy. The effects of tax 
changes are economy-wide, and the resulting 
changes in factor and output prices can have 
profound effects on individual sectors, apart from 
their direct tax consequences. 


The authors are assistant professors, Department of Economics, Ohio 
University, Athens, and the School of Forest Resources, University 
of Georgia, respectively. 

The authors wish to thank Charles Ballard, Don Fullerton, Thomas 
Hertel, James Hrubovcak, W. David Klemperer, and Michael 
LeBlanc for their help and suggestions during various stages of this 
research. 


Computable general equilibrium (CGE) models 
simulate the direct and indirect effects of pro- 
posed government tax legislation on a variety of 
industries and consumer income classes. Unfor- 
tunately, these models generally disaggregate 
manufacturing sectors while aggregating those 
sectors (such as agriculture and forestry) in- 
volved in the production of raw materials. Thus, 
understanding of the consequences of specific 
policies on land-based sectors is reduced. Our 
model closely follows Ballard et al.’s (BFSW) 
large CGE model of the U.S. economy in that 
their methods are used for constructing inputs 
into the model; however, our model is smaller 
and more specifically related to the policy con- 
cerns of this analysis. On the supply side of the 
economy, total U.S. production is divided into 
twelve production sectors which are used as in- 
puts to create thirteen consumption commodities 
(as opposed to 19 and 15 in BFSW). 

The purpose of this paper is to quantify the 
direct and indirect effects of the TRA ’86 on 
_and-using sectors using this CGE model of the 
I.S. economy. The analysis focuses on two im- 
portant methodological and policy concerns. 
First, the results are compared using the same 
model inputs for both CGE and PE analyses. In 
this way, potential biases derived solely from 
the methodological approach can be discerned. 
Related to this analysis, the impact of substi- 
tution elasticities assumptions on these results 
are also exemined. As a policy concern, we ex- 
amine the equity effects of TRA ’86 and its im- 
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pact on land-holding classes. The CGE model 
stratifies consumers by income class, allowing 
a more accurate portrayal of the direct equity 
impacts of major changes in the marginal rate 
structure, as well as the indirect equity effects 
of changes in relative consumer and factor prices 
(particularly that of land). 

The theoretical, empirical, and tax compo- 
nents of the CGE model are discussed in the next 
section. Then the results of the policy runs are 
introduced, focusing primarily on the output, in- 
put, and price effects in the land-based sectors. 
From these results, we discuss the differences 
derived from equivalent PE runs as well as the 
sensitivity tests for substitution elasticities. The 
paper concludes with a discussion of the impli- 
cations of TRA ’86 for land-based sectors in the 
economy. 


Specification of the CGE Model 


Land-based production is divided into four sec- 
tors: forestry (1.e., timber crops used for further 
manufacturing production); AG-I, program crops 
(e.g., corn, wheat, cotton, etc.); AG-II, live- 
stock (e.g., cattle and hogs, etc.); and AG-II, 
all other agricultural production (e.g., vegeta- 
bles and fruit crops). Initially, competition for 
productive factors and simultaneous consump- 
tion demand shifts are ignored so that direct, tax 
induced, changes in these sectors can be mea- 
sured. This allows the comparison of the PE re- 
sults with previous work. Integrating these four 
sectors into the complete CGE model indicates 
the importance of general equilibrium consid- 
erations for land-based production. 

Although the concepts involved in CGE models 
are straightforward, the model itself is fairly 
complex. In order to facilitate the model’s pre- 
sentation, we use the diagrams in figure 1, the 
equations in table 1, and the variable acronyms 
listed in the appendix. The overall equilibrium 
condition for each production sector j is 


(1) Y,+ GE, + VM, 
= X; RAS, + GD; + VX; + INV;. 


Each of these components is now examined. 


Supply 


In figure 1, total sectoral output, Y;, is the prod- 
uct of either a double- or triple-nested produc- 
tion function. First, material inputs enter as 
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Supply 


Yj 


IZO Inputs Value Added (CES) 


Labor K or Z(CES) 
Capital Land 
Demand 


Consumption = Endowments ~ Taxes 
(CES) 


E 


Savings Present Utility 
(CES) 
Leisure Consumer Goods 
Figure 1. Schematic representation of sup- 


ply and demand for the empirical model 


Leontief, fixed-factor components of the na- 
tional input-output matrix. The values added to 
production by labor and capital then enter as pri- 
mary inputs into a nested constant elasticity of 
substitution (CES) production function. The 
substitution elasticity between these inputs can 
be set to any value between O and ~. 

For the four sectors explicitly using land as 
an input, a nested variant of the value-added CES 
function is used. Input Z, which is a CES func- 
tion of land and capital inputs, replaces K and, 
in effect, gives a CES production function within 
a CES production function. Nesting these func- 
tions, rather than using a simple three-factor CES 
value-added function, allows substitution elas- 
ticities to vary between the three primary inputs. 
Within such a setup, PE treatment of these four 
sectors is straightforward as primary inputs are 
provided at the (tax-inclusive) price and output 
demand does not shift. However, under general 
equilibrium, input prices may vary in response 
to economy-wide shifts and demand may shift 
in response to consumer income changes. 

The use of land differs from previous CGE 
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Table 1. 
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Equations for Supply, Demand, and Consistency Aspects of the Empirical Model 


Input Equations 


(2) 3. SL, = 3, DL; + GDL 
(3) 3, SK. = 3, DK, + GDK 
(4) 3, SD, = 3, DD, + GDD 


where (6) GDK = X TK, 
(1) GDD = X TD, 


Transfer to Ccnsumer Goods 


(8) CD; = Fi LGCE, sm TC] 
(10) 23, RCSc = SL, + SK, + SD, + TRN, — PIT, 


(9) 23.RCS,. = GCE; 


Demand~—Household 


(11) GC, = 2; RCS, — SAV. + (1 — 7,)(ZTA)SL, 


Government Tax Adjustment 


TE = X{[SL.ZTA, 7, + SK.7. + SD, — (Q, + TRN] where 0, = SL, 7, + SKate + SD, 7, — PIT, 


Household income equals expenditures 


Government plus income equals outlays 


Total imports equals total exports 


Value of market excess demand equals valve added plus taxes 


(12) GC. = SL, + SK, + SD, + TRN, — PIT, + (i — 7,)UZTA)SL, 
(13) 

Balance—Foreign 
(14) S[VM, Y EM,/(. + EM) + VM,/(l + EM} = 2(VX, + FE) 

Consistency 

(15) 3ASL. + SK, + SD, + TRN. — PIT) = X(CD, + TC.) 
(16) 3(GSK,; + GE; + TL, + TK; + TD; + TXO) — 2,TRM, = X{GDK, + GD, + GDD + GDL 
(17) 2,(VM, — VX) = 0 
(18) 3(CD, + GD; + VX; — CE; + VM) = 2,(DL, + DK; + TD; + DD, + TL, + TK; + TXO) 


Note: See appendix for description of variables. 


models which included land. Hertel and Tsigas 
(1987, 1988) subdivided agriculture into seven 
crops in order to explain specific agricultural 
subsidies. Kokoski and Smith also used land as 
an input and were also interested in partial ver- 
sus general equilibrium estimates. However, their 
model contains only a single agriculture sector. 
BFSW performed counterfactual experiments, 
such as consumption versus income taxes. They 
felt agriculture played a relatively minor role in 
such experiments and aggregated it into one sec- 
tor, subsuming land into a broadly defined cap- 
ital input. 

Primary factor inputs are drawn from each of 
the (c = 6) income groups. Each income group 
supplies different quantities of land, labor, and 
capital (SD,, SL,, and SK,), allowing the cal- 
culation of gains and losses accruing to specific 
resource owners. The total of these resources is 
either consumed as sectoral inputs or taxed away 
by the government [equations (2)~-(7)]. Follow- 
ing BFSW, a unit of an input factor is that quan- 
tity which would produce $1 worth of output per 
year, net of taxes. This accounting method does 
not allow the determination of input quantities 
by output sector, but it does allow the transfer 
of production units between sectors and deter- 


mination of the resulting change in factor shares 
following a tax change. 


Demand—Household 


Each household’s consumption is modeled as a 
triple-nested consumption function. At the first 
level, the consumer faces a CES tradeoff be- 
tween present and future consumption (sav- 
ings). Savings financed investment is assumed 
to equal total savings throughout the economy. 
Because this analysis is a static simulation, the 
savings /expenditure choice is not needed to ac- 
count for dynamic economic growth. Rather, it 
is included because those taxes which discour- 
age Savings and investment have important con- 
sequences for output and relative prices in the 
land-based sectors. 

At the second level, the consumer trade-off 
between leisure time and the goods and services 
bought from labor services is modeled with a 
CES nest. Finally, the (@ = 13) goods and ser- 
vices, including savings, consumed by each 
household are derived from the (j = 12) sectoral 
outputs and taxed by the government in the form 
of excise taxes TC; [equations (8)—(9)]. The 
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elasticity of substitution between any pair of these 
goods is assumed equal and, for most cases, is 
set to 1. Thus, the function collapses into a sim- 
ple Cobb-Douglas utility function for each 
household, which is maximized subject to an in- 
come constraint [equations (9) and (15)].’ 


Demand—Government 


Given its initial endowments of goods as well 
as the taxes it collects, government demands 
goods and services to the extent that no surplus 
or deficit remains {equation (16)].7 Government 
purchases should reflect some sensitivity to 
prices, so government demand for sectoral out- 
puts, capital, and labor is modeled as a single- 
tiered, Cobb-Douglas consumption function. To 
preserve the correct incentive structure, con- 
sumers in each income class are taxed at their 
marginal tax rate, T., and then receive the dif- 
ference between collections using this rate and 
their average tax rate, PIT, as a lump-sum 
transfer, equation (12). 


Foreign Trade 


We assume that U.S. and foreign countries either 
cannot borrow from each other or that such bor- 
rowing is constant. Balance of trade thus re- 
mains constant [equation (17)] and the import 
and export elasticities of individual goods then 
may be varied by adjusting EM, and FE; [equa- 
tion (14)]. Estimates for these elasticities were 
primarily taken from Stern, Francis, and Schu- 
_macher who indicate that “it may be reasonable 
to work with ‘typical’ demand elasticities that 
vary between . . . —0.5 and —2 for exports” 
(p. 14). We use elasticities close to their esti- 
mate of —.85 for agriculture, food, and raw ma- 
terials such as timber and between —1.24 and 
—1.41 for other sectors. Finally, if equation (18) 
holds as an equality, the model is completely 
specified. 


' The exact derived demand elasticity from this functional form 
is given in BFSW. Using their derivation, the share parameters used 
in this study and aggregating over all income classes, we obtain a 
derived demand elasticity for all agricultural goods of approxi- 
mately —0.7. This elasticity is slightly lower than the —0.75 re- 
cently derived by Tarr and is the same as earlier estimates by Hou- 
thakker. Lower demand elasticities for individual agricultural 
commodities are presented in Hertel and Tsigas (1988). 

? This assumption can easily be relaxed but would require an ap- 
propriate change on the consumption-investment equality or the 
balance of trade constraint. 
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Base Year Data 


The methodology for manipulating the data for 
the empirical model is explained in BFSW. Data 
for the twelve production functions come from 
Caddy, Tarr, and BFSW. Capital receipts and 
taxes are computed from data provided by the 
U.S. Department of Commerce (1986), the U.S. 
Department of Agriculture (1985), Commerce 
Clearing House, the U.S. Department of Energy 
(1986a, b) and information provided in Hertel 
and Tsigas (1987). Factor shares for capital and 
labor in 1984 were obtained from recent spread- 
sheets by the Bureau of Economic Analysis. For 
the land-using sectors, capital was separated from 
labor by using the Forest Service’s (prelimi- 
nary) 1982 input-output matrix. Land was then 
separated from capital using spreadsheets from 
the ERS and the Forest Service.’ Because it 
would be difficult to derive substitution elastic- 
ities for this entire system of equations, these 
values are obtained from the existing literature. 
In order to get the sensitivity of the analysis to 
their values, the simulations were later run with 
altered elasticity values. 

Corporate capital income receives double tax- 
ation; it is first taxed as corporate profits and 
the remaining distributed dividends then are taxed 
a second time through personal taxes. In order 
to calculate the total effective tax on capital, we 
used the method outlined in BFSW (reported in 
Boyd, table 2). Gross capital income for each 
industry was first derived, subtracting off prop- 
erty, franchise, and corporate income taxes. The 
fraction of capital income coming to individuals 
was then calculated along with the weighted av- 
erage of the six income classes, T. These values 
are then multiplied by capital earnings in the ith 
industry. Finally, each sector’s tax rate is cal- 
culated, dividing net capital income by direct 
plus personal taxes in each sector. These values 
are shown in table 2. For highly incorporated 
sectors, such as manufacturing or food process- 
ing, double-taxation is more strongly felt. Less 
incorporated sectors, such as the agriculture and 
forestry sectors, generally escape the double tax. 

In most cases, labor income was computed 
directly from the salaries and benefits for each 
production sector. For self-employed persons 


> The raw factor shares (table 3) were similar across all agricul- 
tural sectors. A counter intuitive finding was that field crops had 
the highest labor factor share, This anomaly may be explained by 
the high wage value of labor’s marginal product in that sector and 
by the large amount of unreported earnings elsewhere in agricul- 
ture. 
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Table 2. Changes in Tax Rates, Value-Added Output, and Net Relative Sector Prices as a 
Result of Tax Reform Part-1 and Part-2 (in billions of 1984 $) 





Secter 


Manufacturing 
Mining 
Service 
Chemicals 
Food & tobacco 
Refining 
Financial 
Crude oil 
Forestry 

AG-I 

AG-I 

AG-I 


Tax Rates on 


Capital Inputs 


BASE TAX-2 

Beta (Gy secs 
73 83 
48 50 
44 51 
63 72 
85 94 
32 49 
67 68 
74 76 
42 42 
31 48 
39 45 
39 4i 


BASE TAX-1 
eee Gas 
1,887.97 1,886.77 
46.24 46.25 
2,378.08 2,379.99 
227.37 227.47 
350.26 350.9. 
161.28 161.45 
554.94 555.73 
129.10 129.22 
10.54 10.49 
45.09 45.05 
109.79 109.94 
60.99 60.9€ 
5,961.65 5,964.23 


Output Changes 


* Base case relative prices are set to 1.000 for all sectors. 


Price Changes’ 


TAX-2 CHANGE” TAX-i TAX-2 CHANGE? 
-aamen na (%) (%) 
1,886.77 —0.1 1.000 1.000 
46.28 0.1 1.000 0.991 —0.9 
2,370.99 —0.3 1.000 0.992 —0.8 
226.80 —0.3 1.000 0.999 —0.1 
349.27 -0.3 1.001 0.998 —0.2 
161.66 0.2 1.000 0.991 —0.9 
559.15 0.8 1.000 0.983 —1.7 
129.47 0.3 1.000 0.978 —2.2 
10.39 —1.4 1.004 1.018 1.8 
44.92 —0.4 1.003 1.002 0.2 
109.55 —0.2 1.003 1.004 0.4 
61.21 _ 0.4 1.003 0.991 -0.9 
5,956.46 —0.1 


> Change is the percentage change from the base case to the value after TAX-2. 


(such as sole proprietor or farmer), labor in- 
come was imputed by taking the hourly wages 
of part-time employees in the same field and as- 
signing them to the self-proprietors on a full- 
time basis (any excess was assigned to land or 
capital). Labor tax rates were obtained by sub- 
tracting from gross labor income, all employer 
contributions to social insurance and employee 
contributions to Social Security, unemployment 
insurance, public workman’s compensation, and 
railroad retirement and dividing this value by net 
labor income. These rates range from 0.133 and 
0.158 in manufacturing and food processing to 


0.094, 0.094, 0.098, and 0.105 in the agricul- 
tural and forestry sectors. The agricultural rates 
are lower because many nonincorporated oper- 
ations do not make social security and other la- 
bor payments (Boyd, table 3). 

The land-using sectors’ land taxes were com- 
puted by taking factor shares given by USDA, 
Economic Research Service (ERS) on capital use 
and extracting the land component from them. 
Land tax rates differ from capital tax rates in 
each sector by the relative magnitude of the sub- 
sidies and consumption allowances received by 
the two factors. The capital tax rates in the 3 


Table 3. Marginal Tax Rates, Total Net Income, Relative Price Changes, and Absolute 
Factor Losses by Income Classes and the Government Sector in the Base Case and New 
Values Arising from Tax Reform Part-1 and Part-2 





bag Billions of 1984 $ | F Million 1984 $ 
ee ees Price “Utility” 
Income Class BASE TAX-2 BASE TAX-1 TAX-2 Change Index” Changes’ Land Labor Capital 
al (70) ==- (%) (%) | 
0-9 ,999 14 3.78 223.83 234.86 233.52 4.3 0.996658 4.0 =l] —408 —1,673 
10,000--14,999 16 15.00 210.80 213.56 212.46 0.8 0.996684 0.5 —10 —507 —1,660 
15,000—19,999 18 15.00 242.42 248.01 247.09 1.9 0.996726 1.6 —12 —637 —1,648 
20,000-29,999 22 20.57 601.31 608.69 607.23 1.0 0.996787 0.7 —28 —1,404 -3,086 
30,000—39,999 28 21.85 549.73 564.70 563.85 2.6 9.996841 2.3 =25: 1,215 =27,302 
40,000 + 38 28.00 1,373.63 1,409.96 1,402.75 2.1 9.996842 1.8 ~41 ~-4,875 —14,321 
Government 745.79 741.88 758.47 1.7 
Sum 3,947.51 4,021.66 4,025.29 2.0 —127 -—7,046 —24.690 


ê Change is the percentage change from the base case to the value after TAX-2. 
> Price index is a Laspeyres price index based off of the pre-tax quanttties. 
e “Utility” change quantify the combined effects of changes in purchasing power, leisure, and the cost of living. 
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agricultural sectors and forestry are 0.309, 0.372, 
0.395, and 0.418, respectively (Boyd, table 1). 

Other data needed came from the Bureau of 
Labor Statistics, which gave average expendi- 
tures for commodity consumption, factor earn- 
ings, and taxes paid by income class. The Sur- 
vey of Current Business of the Department of 
Commerce (1986b) gave investment/saving, 
import/export, and government purchase data 
by sector. Finally, a 12 x 13 transfer matrix, 
based on the Department of Commerce’s 1977 
input-output table of the U.S. economy, de- 
scribed the transformation of sector outputs into 
commodity goods. 


The Simulation Experiment 


Initially, the PE simulation experiment is con- 
ducted for each of the four land-using sectors. 
Using the above data, output prices and pro- 
duction levels are solved within the context of 
a cost-minimization problem. The nested CES 
production functions are used to solve for these 
variables (Boyd, p. 7) under constant input prices 
and output demand. The appropriate input (or 
output) taxes are then added and the results are 
compared. 

The general equilibrium simulation is more 
complex and was computed using Rutherford’s 
solution algorithm. As a check of the model’s 
consistency for the 1984 base year, we used a 
method analogous to that in BFSW’s model. A 
major difference from their model is the inclu- 
sion of land as a separate factor of production 
in our model. As a final check, the base case 
model was run to determine if the simulation 
output matches the actual 1984 data. If it does, 
this solution becomes the benchmark for com- 
parison with the output obtained after the model 
is run with tax changes.* 

The policy analysis compares the simulation 
for the pre-TRA ’°86 base year of 1984 with the 
tax structure after the implementation of TRA 
’86. The taxes are added in two stages, First, 
only income tax changes affecting consumers 
(TAX-1) are added. These include changes to 
personal income and labor taxes (social secu- 
rity) which increase net wealth in all classes 
(though not by the same amount or percentage) 


* Although TRA °86 was explicitly designed to be revenue neu- 
tral, no revenue-neutral feature was built into our model. Instead, 
we use an unconstrained simulation because it is more realistic and 
it conveys valuable information on possible changes in the govern- 
ment deficit. 
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by lowering the marginal rate. These changes 
act similarly to a demand shifter for final con- 
sumption. 

The greatest tax break from TRA ’86 change 
goes to the upper and lower classes. The before 
and after marginal tax rates faced by the differ- 
ent consumer classes are shown in the first two 
columns of table 3. The U.S. tax system is only . 
piecewise linear so that the marginal rates in ta- 
ble 3 apply only to the incremental tax dollars 
paid and not to the average rate paid by each 
income class (which is generally much lower). 
In the model, each income group is initially taxed 
at the relevant marginal rate and funds needed 
to keep average rates at their 1984 level are re- 
turned to them as lump sum payments.” 

In the second stage (TAX-2), the changes used 
in JAX-1 are expanded by incorporating the re- 
forms involving input taxes. TRA °86 removed 
corporate capital gains taxes and various capital 
recovery (depreciation) loopholes, as well as a 
general repeal of the investment tax credit (ITC). 
For most sectors, these changes are incorporated 
by using calculations from Fullerton, Gillett, and 
Mackie, as well as by taking values directly from 
Internal Revenue Service (IRS) tables and add- 
ing them into our calculation of the input tax for 
capital (table 2). For the agriculture sectors we 
used ERS spreadsheets, based on the IRS break- 
downs. As shown in table 2, AG-I and AG-II 
are affected much more by the loss of the ITC 
and other tax breaks than is AG-III.° These rate 
changes are in general agreement with previous 
work. Hansen and Bertelsen predicted capital 
price rises ranging from 15% to 32% for pro- 
gram crops and approximately 15% for live- 
stock. No corresponding numbers have been 
calculated for the AG-II sector. 

The differences between the agriculture sec- 
tors occur primarily because field crops and 
livestock require relatively large investments in 
buildings, storage facilities and heavy equip- 
ment. AG-III, on the other hand, produces largely 
nonstorable crops and relies more heavily on low 
cost labor for harvest and transport. Forestry was 
exempted from the provisions removing the ITC, 
but TRA ’86 removed the special capital gains 


* The lump sum payments necessary to keep average taxes at 
their 1984 levels for the post-TRA ’86 case are (in billions of dol- 
lars) for the lowest to the highest income classes, $15.4, $2.0, $9.5, 
$9.8, $42.4, and $193.1. 

É The formula for including tax changes for nonincorporated cap- 
ital comes from BFSW (p. 67). The noncorporate ITC lowers the 
share of each industry’s capital payments. The corporate tax is then 
allocated to each sector by its share and the ITCs used in each 
sector. 
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treatment status.’ Hence, in our model, we em- 
ploy an output tax of 3.38% of the previous out- 
put value. 


Results 
Output Effects 


Table 2 shows the expected value-added changes 
in the twelve production sectors from TAX-1 and 
TAX-2. While these changes appear small rela- 
tive to sector size, the actual dollar value changes 
are substantial. As expected, output in most 
sectors increases from TAX-1 because of the in- 
crease in consumers net income and the result- 
ing outward shift in demand. Only the manu- 
facturing sector and several of the land-based 
sectors show output declines. Much of the man- 
ufacturing sector’s output is used for invest- 
ment, which declines as the relative return to 
savings falls as a result of the tax change.* This 
result conforms with the findings of Fullerton, 
Gillett, and Mackie, who, with a CGE model 
with a fifty-year time horizon, concluded that 
the savings loss combined with reduced capital 
tax incentives chokes off manufacturing invest- 
ment. 

Output in land-using sectors declines because 
relative increases in the prices of more inten- 
sively used factors (capital and land) are greater 
than the increase in demand for their products. 
Prices, net of tax, for capital and land increase 
relative to labor because higher net wages in- 
duce more labor supply, making it cheaper for 
firms relative to the other factors (net, post-TRA 
’86, factor prices are, 0.9987 for labor, 0.9949 
for capital, and 0.9557 for land while the base 
case rates for all factors are 1.0000).’ The big- 
gest gainer from the large drop in the price of 
capital is the financial sector. As a result, con- 
sumption of commodities such as housing (which 


7? In most instances, a capital gain refers to the change in the price 
of an asset and preferential tax treatment would be modeled as a 
lower input tax. In forestry, preferential treatment was given to the 
harvested timber value. Because such gain reflects the value added 
by the production process itself, the removal of capital gains re- 
quires it to be modeled as an output tax. 

? Following Boskin, a savings elasticity of 0.4 was used for the 
empirical simulations. Because of conflicting evidence from Sum- 
mers and Owen, values of 0.3 and 0.8 were used in the sensitivity 
analysis. Ratsing (lowering) the savings elasticity to 0.8 (0.3) caused 
inconsequential increases (decreases) in agricultural production and 
prices. 

? An aggregate leisure demand elasticity of —0.3 (Killingsworth) 
was used. In sensitivity tests, this elasticity was lowered to —0.5, 
which caused the supply of labor to increase slightly, causing the 
relative prices of land and agricultural goods to rise. These small 
changes point to the robustness of the model. 
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Strongly affects the forest sector) are expected 
to increase, because they are dependent on fi- 
nancial service costs. 

Government revenue rises while overall out- 
put declines with the implementation of TAX-2. 
The forest sector, as well as several other sec- 
tors show relative declines as the loss of sub- 
sidies selectively impacts sectors. AG-I and AG- 
H are particularly hard hit by the loss of ITCs 
and other tax privileges as indicated by a loss 
of about $127 million to landowners (table 3). 
High income groups bear the highest absolute 
losses, but simple calculations show that higher 
proportional losses accrue to lower and middle 
income landowners. The declines in AG-I and 
AG-II contradict Fullerton, Gillett, and Mackie, 
even though our CGE methodology is similar. 
The contradiction results from the use of dif- 
ferent data sources. This study used ERS data 
which indicate that farmers have heavily utilized 
the ITC and various other tax benefits. This usage 
may be masked by more aggregate data sources. 

The 1.4% decline in forest sector output is 
larger than any other sector, but the drop is much 
smaller than predicted by previous PE analyses 
(10% and higher). The previous studies did not 
allow for an overall decrease in the cost of land 
resulting from its general productivity decline. 
The loss of capital gains tax preferences leads 
to an annual increase of $367 million (1984 $) 
in taxes paid, which is the major cause of the 
drop in sectoral output. This loss is offset to some 
extent by the retention of ITCs and changes in 
factor input usage. Previous studies have ig- 
nored the change in factor prices and usage in 
calculating their much larger sector impacts. 

Factor usage is set by the gross factor return 
faced by firms. Even though net capital price 
declines, the gross price faced by firms buying 
capital inputs rises relative to labor.'? Because 
forestry is relatively capital inténsive (table 4), 
its costs increase relative to other, more labor- 
intensive sectors like manufacturing. Forestry 
firms thus shift to more labor-intensive man- 
agement, rather than capital and land-using 
management patterns. In the process, they give 
up 0.39% of their land holdings and experience 
relatively larger declines in th2ir capital and land 
factor shares compared with the decline in their 
labor factor share. This result, though consistent 
qualitatively with previous studies, is much 
smaller in magnitude than the large declines in 


'° Changes in the gross price of capitel facing firms can be cal- 
zulated by adding the changes in net capital price to the changes 
in factor tax rates given in table. 3. 
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Table 4. Factor Shares in the Land-Using 
Sectors Occurring as a Result of Tax Reform 
Part-1 and Part-2 


Forestry 
Factor BASE* TAX-} TAX-2 
ee een nena (Jo) ~----n- n-ne -- nn nao 
Capital 34.2 34.4 33.3 
Labor 15.2 15.2 15.1 
Land 24.9 25.1 24.3 
AG-I 
. Capital 18.8 18.9 19.3 
Labor 13.7 13.7 13.7 
Land 19.8 20.1 19.8 
AG-IT 
Capital 13.5 13.5 13.4 
Labor 10.1 10.1 10.1 
Land 14.1 14.3 14.1 
AG-M 
Capital 17.1 17.1 16.7 
Labor 12.0 11.9 11.9 
Land 18.0 18.2 17.8 


* Percentages sum to less than 100% because inputs from other sec- 
tors are included in the production function. 


the productive forest land base predicted by the 
PE analyses. 

Output declines also occur in AG-I and AG- 
U, which face increased tax payments of about 
$640 million. The loss of ITCs is especially 
damaging because both sectors previously used 
them extensively. Productive land holdings in- 
crease by 0.08% and 0.007% as firms substitute 
land for capital. Surprisingly, AG-I actually in- 
creases its factor share for capital because the 
relative increase in its gross price is large enough 
to cause an increase in its total factor share, de- 
spite a decrease in the quantity of capital. AG- 
IHI, which prior to TRA ’86 did not significantly 
use ITCs, is the only land-using sector showing 
positive gains in value added production with 
capital usage increasing and land usage decreas- 
ing. 


Price Effects 


TRA ’86’s effect on received prices, net of taxes, 
for sector outputs is consistent with the previous 
results. The numéraire for all prices in table 2 
is the manufacturing sector price. Most sector 
prices drop relative to manufacturing because 
capital input costs in other sectors are less se- 
verely affected by the loss of ITCs and prefer- 
ential capital gains tax rates. 

. Prices of forest sector products increase sub- 
stantially relative to manufacturing. Increases in 
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the forest sector’s operating costs and declines 
in output combine to increase the price of forest 
sector products. As a result, demand for imports 
from the foreign forest sector increases nearly 
2%, from $4.38 billion (1984 $) to $4.46 billion 
(1984 $). Similarly, the two agricultural sectors 
exhibiting declining output also show rising 
prices. Because the overall cost of capital drops, 
the increases in agricultural prices are smaller 
than those found by Hansen and Bertelsen. 


Partial Equilibrium Simulations 


Because PE analyses assume that factors of pro- 
duction are infinitely elastic, overall factor price 
changes resulting from taxation are not allowed. 
In PE analyses capital price is fixed and known, 
while in a CGE model it is part of the solution. 
Thus, while some of the incidence of an in- 
crease in the capital tax falls on capital owners 
in a CGE model, all factor price increases are 
shifted forward in a PE analysis. For example, 
the PE analysis for the forest sector predicts a 
3.4% increase in price and 3.1% decrease in 
output, while the CGE model predicts only a 
1.7% increase in price and 1.4% decline output. 
Similar, yet smaller changes also occur for ag- 
riculture (compare the base case and PE col- 
umns in table 5). 

The CGE and PE results differ for two rea- 
sons. One is the microeconomic effect that greater- 
price increases from the supply shift lead to 
greater quantity declines along the downward- 
sloping demand curve. Second, a tax change af- 
fects demand as well as supply in a CGE model 
because all markets are connected. In this anal- 
ysis, the demand for land-based goods shifts out 
from TRA ’86 and further reduces the predicted 
drop in output. 


Sensitivity Tests for Substitution Elasticities 


A major concern in studies such as this is the 
need to use external sources for key components 
of the model, particularly substitution elastici- 
ties. In the agriculture literature, the estimation 
of input substitution elasticities has received 
considerable attention (e.g., Antle, Ball). How- 
ever, these values have received relatively little 
attention in the forestry literature. Values as high 
as 2 to 3 have been used for the capital /labor 
(K/L) elasticity in timber production (Boyd and 
Daniels). These relatively large values were jus- 
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Table 5. Effect of Partial Equilibrium and Changing Substitution Elasticity Values in Land- 
Using Sectors on Output and Prices from TAX-2 





Base Fixed 
Sector Case PE Coeff. 
Forestry K/L 1.5 1.5 0 
K/D 1.0 1.0 0 
AG-I K/L 0.7 0.7 0 
K/D 0.3 0.3 0 
AG-IT K/L 0.7 0.7 0 
K/D 0.4 0.4 0 
AG-IH K/L 0.7 0.7 0 
K/D 0.3 0.3 0 
Forestry — 1.42% —3.10% — 2.60% 
AG-I —0.36% —0.90% 1.11% 
AG-II 0.22% —0.30% ~0.54% 
AG-I 0.35% —0.15% 0.25% 
Forestry 1.73% 3.40% 3.21% 
AG-I 0.20% 1.00% 1.32% 
AG-II —0.36% 0.60% 0.83% 
AG-I 0.89% 0.18% 0.16% 
Land —0.50% amme 4.80% 


tified by the long production period and ample 
substitution possibilities for timber growers. 

In this study, a value of 1.5 was used for the 
K/L elasticity and 1.0 for the capital/land (K/ 
D) elasticity in forestry. In agriculture a value 
of 0.7 was used for the K/L elasticity in all three 
sectors and 0.3 for the K/D elasticity in Ag-I 
and AG-II and 0.4 in AG-II because of its larger 
scale. To test the sensitivity of the results to 
elasticity choice, the model was rerun by vary- 
ing the elasticities in the land-using sectors from 
0, the fixed coefficients case, 1.0, the Cobb- 
Douglas case, and an extreme value of 1.5. 

Results from these experiments are shown in 
table 4. Because, these elasticity changes have 
only slight impacts on the rest of the economy, 
only the land-using sectors are shown. Resource 
inputs remain in place in the fixed coefficients 
case, so firms in the sector are unable to respond 
to changing input prices. As in the PE test, out- 
put declines and prices increase substantially in 
all of the land-using sectors because firms retain 
relatively low-valued excess capital. The extra 
capital in these sectors substantially increases the 
net price of land, thus increasing its marginal 
product value. As the elasticity of substitution 
increases, the adverse effects of TRA ’86 caused 
by the decreasing net price of capital are ame- 
liorated as firms buy relatively inexpensive la- 
bor. Although output still declines in three of 


Elasticities Used 


Low- Mid- Cobb- High- 
Level Level Doublas Level 
0.3 0.5 1.0 1.5 
9.3 0.5 1.0 e 
0.3 0.5 1.0 1.5 
0.3 0.5 1.0 1.5 
0.3 0.5 1.0 © 1:5 
0.3 0.5 1.0 1.5 
0.3 0.5 1.0 1.5 
0.3 0.5 1.0 1.5 
Output 
—1.60% — 1.48% —1.19% — 1.10% 
—0.47% —0.35% —0.21% —0.17% 
—0.27% 0.22% —0.16% ~0,14% 
—0.26% 0.36% 0.47% 0.50% 
Prices 
2.00% 1.76% 1.50% 1.40% 
0.38% 0.19% —0.01% —0.08% 
—0.17% —0.37% —0.58% ~0.65% 
—0.72% -0.90% —1.08% —1.14% 
0.33% —0.56% -1.50% —1.81% 


the four sectors, both the output declines and 
price increases are smaller than in the base case. 
Net land prices decline as firms liquidate low- 
valued capital causing a decline in the relatively 
fixed land factor." 

This exercise emphasizes that the expected 
impacts from a policy change such as TRA ’86 
will be strongly determined by the choice of 
model parameters. The more easily that sectors 
can substitute inputs, the smaller are the direct 
and indirect impacts on that sector. In the same 
manner, if inputs are sticky in a sector, the im- 
pacts of policy changes may exceed predictions. 
For example, in much of the country, forestry 
is a residual land use. If forestry becomes sub- 
marginal for production, the land will revert to 
natural cover with less economic value rather 
than shifting to other sectors. While this land 
may provide other amenity values for the econ- 
omy, it is no longer included in the productive 
base of the economy. Because our model does 
not allow for land to leave the economy, the full 
effect of TRA ’86 on land resources in the econ- 
omy may be understated. | 


H Sensitivity tests were also conducted with respect to export de- 
mand elasticities. Because prices in most land-based sectors rise, 
increasing the elasticity of export demand leads to an further de- 
cline in exports and production. Because international trade is only 
indirectly 2ffected by the policy changes examined here, the changes 
in output are modest (less than 0.05% of land-based production). 
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Implications for Consumer Equity 


The changes in net expenditures by income level 
after TRA °86 are shown in table 2. The restruc- 
turing of marginal tax brackets (TAX-1) has a 
positive direct effect on all income groups. High 
and low income classes are the biggest gainers 
because they receive the largest bracket reduc- 
tions. TRA ’86 also has indirect effects on con- 
sumer equity. Increases in capital taxation lower 
the price of both capital and land.” Landowners 
are hurt as a group, and taxpayers in lower in- 
come brackets are hurt the most (percentage-wise) 
because they own a substantial amount of land. 
By raising capital taxes differentially across sec- 
tors, the relative prices of consumer goods 
change. 

Because each income class consumes com- 
modities in differing proportions, we con- 
structed a Laspeyres price index for each group, 
with the pre-tax quantities serving as quantity 
weights for all income groups. As shown in ta- 
ble 3, declining agricultural and housing costs 
give progressively lower relative benefits as the 
income class increases. Household “utility” 
changes, which quantify the combined effects of 
changes in purchasing power, available leisure, 
and the cost of living are also readily extracted 
from the MPS/GE computer output. These 
changes are also highly correlated with changes 
in income (table 3). Overall, the income and 
household “utility” effects are dominated by tha 
direct effect due to changes in marginal bracket 
rates. When TAX-2 is brought in, the income 
and utility gains from TAX-1 to high income 
classes are severely dampened by the fall in cap- 
ital prices and the resulting capital factor losses. 


Conclusion 


This study uses CGE techniques to assess the 
economy-wide changes expected from the TRA 
86. The analysis focuses on the land-using sec- 
tors of the economy but considers changes in 
other sectors as well. Overall, the sectoral im- 
pacts are relatively small when compared to sec- 
tor size, but the tax changes bring about im- 
portant changes in land management. These land 
use impacts are often difficult to discern using 


This result occurs because land is not free to move. Because 
the demand for agriculture goods declines and total agriculture rev- 
enue falls, the price of land falls relative to the price of labor. 
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PE techniques because macro-policies such as 
TRA ’86 change the relative prices of factor in- 
puts and outputs causing more complicated pro- 
duction changes. 

The forestry sector results of this study pro- 
vide for interesting comparisons with previous 
PE analyses. Those studies (Guertin and Ride- 
out, Greene and Kleunder) showed that forest 
management was adversely affected by TRA ’86 
and predicted large declines in timber produc- 
tion. Our analysis confirms these results in that 
the forest sector is relatively the hardest hit sec- 
tor in the economy with output declining sub- 
stantially. However, the decline is much less than 
has been shown previously because several gen- 
eral equilibrium considerations dampen TRA 
’86’s effects. First, output prices increase be- 
cause of increases in the relative cost of forest 
production and because of income-induced in- 
creases in the demand for sector outputs. Sec- 
ond, relatively cheaper labor substitutes for cap- 
ital in the forest production process as firms move 
to more extensive land management practices. 
Finally, land is substituted for capital used in 
production as the value of capital gains de- 
crease. In total, these market responses to the 
new economic situation cause a much smaller 
decline in the forest sector than has been pro- 
jected. 

The agriculture sector is also negatively af- 
fected by TRA ’86. Because the loss of ITCs 
and other benefits is felt more strongly by the 
program crops sector, this part of the agriculture 
economy is the most strongly affected. The loss 
also affects the livestock sector through the ris- 
ing price of feed grains. The vegetable and other 
crop category (AG-II]), which is the least reliant 
on the ITCs, is the least affected by TRA °86, 
because it can absorb released low-cost capital 
and land to increase its production. 

This general equilibrium analysis offers sev- 
eral general conclusions. First, unlike PE models 
of sectors such as forestry and agriculture, CGE 
analysis accounts for the finite resources and 
thereby avoids overestimating the effects of tax 
reform on sectoral output. Second, because CGE 
analysis provides a consistent accounting net- 
work, important changes in the demand for out- 
puts are not overlooked. Third, when sectors 
within a CGE model have different inputs or re- 
ceive different tax treatments (e.g., agriculture), 
valuable information will be lost if they are not 
disaggregated. Finally, a CGE model can ex- 
plicitly explore equity issues by accounting for 
the costs and revenues occurring to different 
consumers. 
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Appendix 


Variable Descriptions for the Equations of the 
Model 





Ww 12 X 13 transformation matrix. 
Q. Defined in figure 1b. 
Te Marginal income tax rate on household c. 


CD, Total government consumption by the cth 
household. 

CD, Consumer demand of the ith product. 

CE, Government endowment of product j. 

DD, Demand for land in the jth industry. 

DK; Demand for capital in the jth industry. 

DL; Demand for labor in the jth industry. 

EM, Demand elasticity of export demand. 


FE, Endowment demand vector of adjusted elastic- 
ity of export demand. 


Boyd and Newman 
GC, Gross consumption of household c. 
GCE, Consumer demand of the ith consumer good, 
i= 1,..., 13. 
GD, Government demand for product j. 
GDD Government demand for land. 
GDK Government demand for capital. 
GDL Government demand for labor. 
GE, Government endowment of product j. 
GSK, Government endowment of capital in the jth in- 
dustry. 
INV; Investment in sector j. 
PIT, Personal income tax payment from household c. 
2,RAS, RAS-balanced I/O intermediate demands. 
RCS, RAS-balanced matrix of each household’s de- 
mand for each consumer good (6 X 13). 
SAV, Savings in household c. 
SL. Supply of labor by the cth household, c = I, 


a. »} 


TC, 
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Supply of capital by the cth household, c = 1, 
Supply of land by the cth household, c = 1, ..., 
6 


Consumption taxes on the cth household. 
Excise tax on consumer good i. 

Tax on land in the jth industry. 

Total government endowments. 

Tax on labor in the jth industry. 

Tax on capital in the jth industry. 

Transfer payment to household c. 
Government output tax on the jth industry. 
Imports of product j. 

Exports of product j. 

Total output of production sector j = 1, ..., 12. 
Consumption + leisure coefficient (set to 1.5) 


Consumer’s Surplus Revisited 


J. S. Shonkwiler 


A technique for approximating welfare measures using knowledge of the Marshallian 
demand relation is developed and compared numerically to the true measures and other 
approximations. The technique does not rely on the solution of differential equations 
and is easily illustrated graphically. The technique should be useful as a pedagogic 
device and applicable in empirical work when derivation of the indirect utility function 


is burdensome, 


Key words: compensating variation, consumer’s surplus, Mazshallian demand, welfare. 


In 1976 R. D. Willig proposed a method to ap- 
proximate compensating and equivalent varia- 
tions when only the Marshallian demand rela- 
tion was known. In fact, three distinct (though 
related) measures were introduced, each of which 
required information on the Marshallian con- 
sumer’s surplus, the income elasticity, and the 
initial income level. One of these measures pro- 
vided exact calculation of compensating varia- 
tion, but only when the income elasticity was 
constant over the price change. 

J. A. Hausman, five years later, correctly 
pointed out that approximation is unnecessary 
because a differential equation technique can be 
used to recover a local indirect utility function. 
Unfortunately, solution of the differential equa- 
tion occasioned by a complicated Marshallian 
demand equation may be tedious in light of the 
relatively simple approximation proposed by 
Willig. Of course, it is tempting to suggest that 
empirical analyses should employ theoretically 
plausible demand specifications whose param- 
eters can be related to a well-defined indirect 
utility function. Then neither approach need be 
adopted. This line of reasoning, however, ig- 
nores the occasional need for analytical expe- 
diency and the possibility that theoretically based 
systems may require modifications to better ad- 
dress complexities (see Pollack and Wales). 

This reexamination provides an alternative 
technique for approximating welfare changes 
(compensating variation in particular) using a 
Marshallian demand relation. The technique is 
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about as easy to apply as Willig’s rule-of-thumb 
measure and appears to be’ applicable over a 
comparable range of values of the income elas- 
ticity and consumer’s surplus relative to in- 
come. Further, the approximation method has a 
distinct pedagogic attraction in terms of relating 
changes in income to changes in utility. The de- 
velopment proceeds by first discussing Willig’s 
approximation and then developing the alter- 
native technique. Some numerical comparisons 
then are provided. 


The Two Techniques 


Willig’s rule of thumb measure for a single price 
change is 


nA? 


o? 





(1) CV =A + 
2m 


where CV and A are compensating variation and 
consumer’s surplus, 7 is the income elasticity 
and m° is the initial income level. The rule of 
thumb is derived from the successive solution 
of two differential equations and the application 
of a Taylor-series approximation. The deriva- 
tion is explicitly developed in Willig’s paper and 
will not be repeated here. Unfortunately, his ap- 
proach is rather sterile and is not easy to explain 
graphically. 

Some authors (e.g., Just, Hueth, and Schmitz) 
have tried to motivate the measure in (1) with 
an argument along the following lines: 

Consider that CV ~ A + 1/2 AgAp, where p 
represents the price and g represents the quan- 
tity of a good. In figure 1, A is the area bounded 
by p°abp' and CV is the area bounded by p°acp’. 
Ag is the line segment be and Ap = p’ — p°. It 
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q(p,m’) 





f 


q 


Figure 1.. Compensated and uncompensated demand functions 


is apparent that Ag = q(p', m’) — q(p', m°). 
Then, 


l [ap m) — q(p', m) 
a a in a 
m'-> m? m'—> m? 71 — m 


(m — m°), 


or dg = lim ðq/ðm Am, so that 
Am-+0 


| 3 
CV =A + 1/22 Amáp. 
om 


Now, recognizing that 7 = dqg/dm m/q, we 
have 


Am 
(2) CV =A + 1/2 7 —— gAp. 
m 


At this point the argument is that for small Ap, 
both 4m and gAp may be approximated by A, 
hence the expression in (1). The problem with 
the final conclusion is that it is not entirely clear 
what Am is measuring. If Am provides a limit 
for CV, why not set Am equal to CV and solve 
(2) for CV? Alternatively, A underapproximates 
both CV and gAp, suggesting (1) would not be 
nearly as good an approximation as it really is. 
Perhaps the unsatisfactory nature of the expla- 
nation for expression (1) should not be surpris- 
ing because it is an improper simplification of 


an approximation which originates from a much 
different approach. 

The alternative technique for approximating 
CV has the advantages of not being based on 
differential equations and is easily developed 
graphically. In figure 1 note that the compen- 
sated demand curve approximately bisects the 
area between the two Marshallian demand curves 
when considering the price change from p° to 
p'. Recall that for a compensated demand func- 
tion, g(p, u°), and an expenditure function, C(p, 
u°), having as arguments the reference level of 
utility, u°, 


J P aC(p, u°) 
(3) CV= | q(p,u)dp= | ———dp 
p° P op 


= C(p', uw’) — C(p*, u°) 
= m — m? = Am, 


and define two measures of consumer’s surplus 
by 


z 
(4) A= | q(p, m°) dp and 


P Ld 
pP 

A’= | q(p, m') dp. 
Pp 


This leads to the approximation 
(5) CV=A+4+1/2(A' — A) = A + 1/2 AA, 
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and using the definitions in (3) and (4) yields 
the expression 


(6) AA = | [q(p, m° + Am) 
p 


— q(p, m°)j dp. 


Expression (6) illustrates that if the limits of 
integration are fixed, changes in income shift 
the Marshallian demand curve and thus lead to 
changes in consumer’s surplus. Because m is a 
constant in the integration, standard results on 
differentiating under the integral sign (e.g., 
Woods, pp 141-42.) can be used such that 


d ðq p, m?) 0A 


p om om 


In terms of differentials this gives 
dA 

(8) CV =A + 1/2— dm. 
am 


However, evaluation of (8) using information 
based solely on the Marshallian demand relation 
cannot be performed because dm, or its discrete 
approximation, Am, is unknown. Yet, Am is 
precisely the income change necessary to re- 
main on the original compensated demand curve 
after the price change. Therefore, Am = CV and 
(8) can be solved in terms of CV to yield 


A 


9 CV = ——__—-—— = d§ 
) 1 — 1/2 dA/am 


This approximation (dS) of compensated vari- 
ation [approximate equivalent variation can be 
obtained by reversing the sign on the second term 
in the denominator on the right-hand side of (9)] 
follows directly from geometric arguments and 
does not require the solution of differential 
equations. As such, it is a more intuitive device 
for relating welfare measures to consumer’s sur- 
plus. Interestingly, the dS measure has the same 
form in the linear specification as a measure 
suggested for expression (2) when Am is equated 
to CV so that expression (2) becomes 


A 
(10) 


a9. , 
l= 1/2-—(p’ =p) 
om 


dS as an Approximation 


The error bounds on the true value of CV for 
the dS approach can be shown to coincide ex- 
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actly with those presented by Willig. This is ac- 
complished by writing expression (5) as an 
equality which depends on an unknown propor- 
tion p, 





(11) CV = A + påA. 
Some algebra leads to the result that 
(12) js Am-— A 

AA 


Both Am and AA depend on the unknown level 
of compensating income, m’. Willig provides 
bounds for m’, and these could be used to pro- 
vide bounds for p, if desired. The discrete change 
form for dS becomes 


A 
AA’ 

Pam 

which identically equals Am when expression 
(12) is substituted into (13). As would be ex- 
pected, the bounds on CV are identical between 
the two approaches because Am = m’ — m° and 
the bounds on m’ are used to provide the bounds 
on CV. 

Two sources of error must be recognized in 
evaluating the approximation in (9): (a) the use 
of 1/2 instead of the unknown proportion, de- 
noted by p, and (b) the use of the derivative ðA / 
dm in place of the difference quotient AA/Am. 
As a cansequence of these approximations, it 
appears that the dS measure does not perform 
well when the magnitude of compensating vari- 
ation is large relative to income and the price 
elasticity and income elasticity are inelastic and 
elastic, respectively. 

The results for a two good linear demand 
specification illustrate the effects of these fac- 
tors on the approximation error. In table 1, var- 
ious price, €, and income elasticities of demand 
and corresponding levels of compensating vari- 
ation are evaluated for a 100% price change at 
an initial income level of m = 100. Both W 
[Willig’s rule-of-thumb measure from expres- 
sion (1)] and dS are calculated from the initial 
price-quantity equilibrium. When the budget 
share, s, is large and when demand is price in- 
elastic and income elastic, dS substantially over- 
estimates CV. However, as the budget share and 
hence CV drops, the magnitude of the errors also 
declines. 

These relationships are more systematically 
developed in table 2 for a log-linear demand 
function. Again, a 100% price change and an 


n 
< 
il 


(13) 
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Table 1. Linear Demand Function 
€ n S CY 

(1) (2) (3) (4) 
— 73 1.82 .88 158.59 
— 4 1.5 .80 129.78 
— 667 2.5 48 67.91 

—1.33 2.5 48 43.02 
— 80 4.8 20 22.26 
~~ 667 2.0 24 21.35 
~ 545 455 44 35.87 


W dS % error of dS 

(5) (6) (7) 
84.51 280.00 76.55 
94.72 160.00 23.28 
44.80 80.00 17.80 
19.20 40.00 7.02 
15.46 23.08 3.66 
18.56 21.05 1.41 
34.33 35.56 .87 


* Where (1) is the price elasticity of demand, (2) is the income elasticity of demand, (3) is the budget share, (4} is actual compensating 
variation, (5) is Willig’s rule-of-thumb measure, (6) is the alternative approximation of CV, and (7) is the percentage error of (6) relative 
to (4). Note the quantities in columns (1), (2), (3), (5) and (6) are calculated at the initial price and income levels. Initial income level 


is m = 100. 


initial income level m = 100 are used. The re- 
sults suggest that dS provides a reasonably ac- 
curate measure of CV provided calculated dS is 
not close to m, especially under price inelastic 
and income elastic demands. 

The approximation value of dS is also illus- 
trated for the quasi-homothetic demand speci- 
fication. The budget share model that results from 
Deaton and Muelibauer’s quasi-homothetic cost 
function is used as an example because A be- 
comes a nonlinear function of m when the de- 
mand relation is written as a function of g. True 
CV can be calculated directly from the indirect 
utility function given in their article. The bounds 
on CV provided by Willig (W bounds) are also 
calculated. The results in table 3 again docu- 
ment that the dS measure provides reasonably 
good approximations to compensated variation 
only using information based on the Marshallian 
demand relation. 

As a final consideration, deadweight loss 
(DWL) is measured by recognizing that q’ in 
figure 1 can be estimated rather accurately in the 
approach developed. This occurs when the cal- 


Table 2. Log-Linear Demand Function 


culated measure m° + dS is substituted for m° 
in the Marshallian demand relation. Then the 
approximate DWL becomes 


(14) DWL = dS — q(p', m° + dS)Ap. 


An example of the approximation’s value in the 
context of the gasoline demand model presented 
by Hausman is considered. The calculated dS 
value is $37.14 (versus a true CV of $37.17) and 
approximate DWL is $2.86 (versus a true value 
of $2.88). This approach reinforces the view that 
knowledge of Marshallian demands can lead to 
good estimates of welfare measures. 


Concluding Remarks 


As long as the magnitude of the calculated mea- 
sure dS is small relative to the initial income 
level the approximation performs on par with or 
better than Willig’s rule-of-thumb measure. The 
degree of accuracy is also influenced by the rel- 
ative magnitudes of the price and income elas- 
ticities of demand. Finally, it should be noted 





€ 17) S CY 

(1% (2) (3) (4) 
— 35 1.85 .987 376.62 
-5 1.85 .802 166.02 
~1.5 1.85 .200 13.17 
~~ 35 .85 987 125.43 
~ 5 85 .802 88.37 
1.5 .85 .200 12.35 
~ 35 35 .987 98.58 
~ 5 35 .802 73.71 
— 1.5 .35 .200 11.98 


Column definitions are identical to those in table 1. 


W dS % error of dS 
(5) (6) (7) 
155.58 431.48 14.57 
107.25 172.32 3.79 
13.02 13.17 Ol 
118.21 136.66 8.95 
85.19 92.57 4.74 
12.33 12.36 m 
99.53 101.86 3.33 
74.15 75.17 1.98 
11.98 11.99 .12 
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Table 3. Results for Quasi-homothetic Demand Relation 





€ n S CV 

(Y (2) (3) (4) 
— .84 2 Aa 32.072 
—~.60 1 fe 24.505 
—.59 2 25 12.203 


W dS W bounds 

(5) (6) (7) 
32.283 32.435 32.228 to 32.435 
24.319 24.615 24.505° 
12.154 12.246 12.195 to 12.302 


* Measures in columns (1) through (6) are identical to those in table 1. 
Income elasticity is constant and bounds collapse to an exact measure. 


that all results are applicable to the single price 
change case at the level of the individual con- 
sumer. 


[Received January 1990; final version 
received May 1990.] 
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The Calculation of Research Benefits 
with Linear and Nonlinear 
Specifications of Demand and Supply 


Functions 


Jan P. Voon and Geoff W. Edwards 


This paper provides a comparison of research benefits for linear and nonlinear constant 
elasticity (NLCE) specifications of supply and demand with a pivotal supply shift 
framework. The comparison allows for a sensitivity test of results to different values for 
demand and supply elasticity. The main finding is that the values of the gross annual 
research benefits calculated for the NLCE specification are larger than those calculated 
for the linear specification with price-elastic supply but are smaller with price-inelastic 
supply. The analysis suggests that the use of an NLCE specification and a pivotal shift 
due to research is usually preferable to use of a linear supply curve with pivotal shift. 


Key words: demand-supply specifications, elasticities, model comparison, research 


benefits. 


Market models have been used extensively for 
measuring the level and the distribution of ben- 
efits from R&D-induced supply shifts. In those 
models the supply and demand schedules were 
assumed to be either linear or nonlinear with 


constant elasticity (NLCE), and the R&D-in- , 


duced supply shifts were assumed to be either 
parallel or nonparallel. Comparisons of research 
benefits occurring with linear parallel and linear 
nonparaliel shifts in supply were provided by 
Lindner and Jarrett, Rose, Wise and Fell, and 
Norton and Davis. Comparisons of research 
benefits for linear and nonlinear specifications 
of the demand and supply curves have not been 
provided. The main aim in this paper is to pro- 
vide such comparisons. 

Both the linear and the NLCE frameworks have 
frequently been used in empirical work on eval- 
uation of research benefits. The use of either 
framework involves little or no computational 
difficulty and appears practical for most empir- 
ical analyses. The NLCE pivotal supply shift 
framework has been adopted by Peterson; Ayer 
and Schuh; Akino and Hayami; Flores-Moya, 
Evenson, and Hayami; Nagy and Furtan; Wise; 
and Zentner and Peterson, among others. The 
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linear pivotal supply shift framework can be 
found in Lindner and Jarrett; Rose; McLean; 
Wise; and Norton, Ganoza, and Pomareda. 
Comparison of research benefits for linear and 
NLCE frameworks provides an understanding 
of the differences in results caused by model 
specification. This understanding is important in 
choosing between frameworks for estimating 
economic benefits from research and in inter- 
preting results. The key point is that if a partic- 
ular model specification is a better description 
of reality, then use of the alternative model 
specification can cause overestimation (or 
underestimation) of returns to research. 
Comparison of the measured economic ben- 
efits from research using linear and NLCE sup- 
ply curves requires specification of the type of 
supply shift resulting from research. This is not 
a straightforward task. No NLCE counterpart 
exists for some specifications of shifts in linear 
supply curves. The best example of this is the 
parallel shift in a linear supply curve, a speci- 
fication used by several researchers (e.g., Rose, 
Edwards and Freebairn). Researchers using 
NLCE supply curves, on the other hand, have 
not used parallel shifts in supply due to re- 
search. This may be the result of an absence of 
analytical techniques for specifying a parallel shift 
of the NLCE supply curve and the function of 
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the new supply curve because NLCE supply 
curves always pass through the origin. 
Because our aim is to compare estimated re- 
search benefits with linear and NLCE supply 
curves, it is important to formulate the analysis 
so that other factors affecting the size of re- 
search benefits, including the nature of the sup- 
ply shift, are identical for the linear and NLCE 
cases. In order to do this, our approach confines 
the comparison to estimates of research benefits 
resulting from corresponding pivotal shifts in 
linear and NLCE supply curves. Because NLCE 
supply curves always pass through the origin, 
the pivotal shift for these curves is always about 
the origin.’ For the linear case, however, the in- 
tercept is a function of the elasticity of supply. 
For supply elasticity greater than unity, the lin- 
ear supply curves pivot on the positive price axis. 
For supply elasticity equal to unity, the linear 
supply curves pivot on the origin. For supply 
elasticity smaller than unity, the linear supply 
curves pivot on the negative price axis. The ef- 
fects of the use of different values for the elas- 
ticity of supply on the size and distribution of 
research benefits are examined in this paper. 


Research Benefits for Linear and Nonlinear 
Pivotal Supply Shifts 


In this section, we outline the procedures used 
for comparing the level and the distribution of 
research benefits using linear and nonlinear con- 
stant elasticity specifications of the demand and 
supply curves. For comparison, we fix the fol- 
lowing conditions [fig. 1(a) and 1(b)]: the sup- 
ply shifts are pivotal for both cases; shifts in 
supply due to research, measured vertically as 
cost reductions at the initial equilibriums, are 
identical (A — D) for the two cases; price (Po) 
is identical for the two cases at the initial equi- 
librium, as is quantity (Qo); and price elasticities 
of demand are identical for the two cases at the 
initial equilibrium, as are price elasticities of 
supply. 

The general functional form for linear and 
NLCE demand and supply curves may be rep- 
resented by Q = f(P). When solving Q = f(P) 
for P and Q, the notation P = f '(Q) is used. 
That is, f-' is the function inverse to f. The lin- 
ear inverse demand curve, in an algebraic form, 


l The power function of the nonlinear supply curve specified by 
Miller, Rosenblatt, and Hushak can pass through other points on 
the price axis, but this particular functional form is computationally 
difficult and is not practical for empirical purposes (e.g., a nu- 
merical calculation of producer surplus). 
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Qo 





Figure l(a). Effect of research with linear 


_ demand and supply curves 


Po. 





i Qo Q 


Figure 1(b). Effect of research with nonlin- 
ear constant elasticity demand and supply 
curves 


is represented by P = a — a@Q, where a is a 
positive constant and a is the slope of the de- 
mand curve. Note that a = P/Q, where 7 de- 
notes the own price elasticity of demand at the 
initial equilibrium. The linear inverse supply 
curve in the absence of research is represented 
by P = b + BQ, where b is a constant term and 
B is the slope of the supply curve. Again, B = 
P/eQ, where e is the own-price elasticity of 
supply at the initial equilibrium. The linear sup- 
ply curve with research is denoted by P’ = b + 
B'Q', where 8’ is the slope of. the ‘with re- 
search’ supply curve. Note that B’ = P(1/e — 
k)/O, where k [k = AD/Po, as illustrated in fig- _ 
ure 1(a) and 1(b)] represents the proportionate 
vertical shift in the supply curve (0 < k < 1). 
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The constant elasticity demand curve is repre- 
sented by P = AQ”, where A is a positive con- 
stant and o represents the price flexibility of de- 
mand (e = 1/7). The constant elasticity supply 
curve without research is P = BQ”, where B is 
a positive constant and y is the price flexibility 
of supply (y = 1/e) and the constant elasticity 
supply curve with research is P’ = (1 — DBQ”. 
The equilibrium price and quantity without the 
supply shift are Pg and Qo. 

Comparison of the gross annual research ben- 
efits (GARB) is performed for area OAB (or area 
O'AC) in figure 1(a) and area OAE (or area OAF) 
in figure 1(b).” The distribution of research ben- 
efits between producers and consumers with the 
linear and NLCE specifications is also com- 
pared. 

Four combinations of the linear and NLCE 
demand and supply curves are identified. These 
are case 1: linear demand and supply curves 
(D,S,), case 2: NLCE demand and linear supply 
curves (D,)S,), case 3: linear demand and NLCE 
supply curves (D,Sy), and case 4: NLCE de- 
mand and supply curves (Dypsy). 

Let TS (TS = GARB) be the change in total 
economic surplus, CS be the change in con- 
sumer surplus, PS be the change in producer 
surplus, and subscripts 1, 2, 3, and 4 denote 
cases 1, 2, 3, and 4, respectively.’ The formula 
for calculating the level and the distribution of 
research benefits for case 1 [fig. 1(a)] is ex- 
pressed as follows: 


(1) TS, = 1/2kPoQ,, 
(2) CS, = 1/2(Po — PQ + Q)), 


? Consider first the linear case as shown in figure I(a). For e < 
i, the gross annual research benefit equals area O’AC and for e > 
1, the gross annual research benefit equals area OAB. Note that 
area OAB is bigger than area O’AC by area CBD. For identical cost 
reductions, the values of the gross annual research benefits are little 
affected by changes in supply elasticity (since area CBD is very 
small) notwithstanding that, for e < 1, the linear supply curve passes 
through the fourth quadrant negative euclidean space. Now con- 
sider the NLCE case as shown in figure 1(b}. For e < 1, the gross 
annual research benefit is represented by area OAE and for e > 1, 
the gross annual research benefit is represented by area OAF. NLCE 
supply curve takes a convex shape for e < 1 and a concave shape 
fore > 1, 

? The advantages and limitations of consumer and producer sur- 
plus measures are common to the linear and NLCE specifications 
that we are considering. Consumer surplus measures are widely 
used for analyzing welfare effects of price changes for agricultural 
products. This is generally regarded as appropriate, largely because 
income effects caused by price changes are likely to be small since 
consumers spend a very small fraction of their income on a partic- 
ular food item (Bigman and Shalit). Producer surplus, also used 
widely in welfare analysis, is open to more serious questioning. 
Use of producer surplus is most clearly appropriate when rents ac- 
crue to a single-fixed factor, all other factors being in perfectly 
elastic supply (Mishan). 
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(3) PS, = TS, oat CS,. 


The “with research” equilibrium point for case 
1 can be determined using the alternative for- 
mulas developed in this paper:* 


(4) P, =P[1l — ke/(e + 4 — ken), 
(5) Q,=Q,[1 + ken/(e + q — ken). 


The formula for calculating research benefits 
with NLCE demand and supply (case 4) is ex- 
pressed as 


Qo Qo 
(6) TSs,= | S(dQ) — | S’(dQ) 
0 


0 


Qı Qı 
+| D(dQ) -Í S’ (dQ), 


Qo Qo 
Po 
(7) CS,= | D(dP), 
Py 
(8) PS, = TS, — CS4, 
where Q, = exp(—In(1 — k)/(o + y)) and P, 


= (9) 

Similarly, changes in research benefits for the 
intermediate cases (i.e., cases 2 and 3) can be 
calculated using the above approaches. 


Results 


For illustrative purposes, the initial equilibrium 
prices and quantities were set at unity for each 
of the four cases, k was set at 0.1 (so the ab- 
solute shift is 0.1 Po), and a range of demand 
and supply elasticities was used for comparison. 

The size of GARB and the calculated distri- 
bution of research benefits for case 2 (D,S,) are 


4 Past models (Norton, Ganoza, and Pomareda; Rose) used the 
equations of Pinstrup-Andersen, Ruiz de Londoño, and Hoover 
(where P; = Po[l — ke/(e + )] and Qi = Qoll + ken/(e + )]) 
for deriving the post-innovation (or “with research”) equilibrium 
point {i.e., point B or C in fig. 1(a)], but these equations, as pointed’ 
out by Rose, are strictly correct only if the supply shift is parallel. 
For the linear pivotal supply shift model, the actual equations for 
determining the “with research” equilibrium point have been de- 
veloped in this paper [i.e., equations (4) and (5)]. When research 
benefits calculated using the past approach were recalculated using 
the actual approach (using the parameter values assumed in tables 
1 and 2 of this note), the values of GARB were observed to be only 
marginally higher. The difference was found to be approximately 
0%--3% with demand and supply elasticities in the range 0.1 and 
5.0. A larger difference, however, is found in the calculated dis- 
tributions of research benefits. For instance, recalculations showed 
that consumers’ share of research benefits calculated from the past 
approach is smaller than those calculated from the actual approach 
by 10%-—30% with larger values of ņ and e. Further details are 
available from the authors. 
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similar to those for case 1 (D,S,) for each com- 
bination of 7 and e, while the size of GARB and 
the calculated distribution of research benefits 
for case 3 (D,Sy) correspond closely to those for 
case 4 (D,Sy). That is, for the marginal changes 
under consideration, the choice between the lin- 
ear and nonlinear specifications of demand does 
not have a significant influence on price of the 
commodity “with research.” It, therefore, has 
little influence on the size or distribution of 
GARB. Hence, for comparison, the results for 
cases | and 3 are taken (see table 1). The results 
for cases 2 and 4 are excluded from table 1 be- 
cause the size and distribution of research ben- 
efits for case 2 is similar to that for case 1, while 
the size and distribution of research benefits for 
case 4 approximate that for case 3. 

For supply elasticities less than about unity, 
the values of GARB calculated for case 1 (D,5,) 
are higher than those calculated for case 3 (D,Sy). 
For elasticities of supply greater than about unity, 
however, the values of GARB are larger for case 
3 than case 1. The magnitudes of the differences 
in GARB for these two cases are larger the smaller 
the values for the supply elasticities (e.g., a dif- 
ference of about 142% for e = 0.25 and about 


Table 1. 
(Case 1) and D,Sy (Case 3) Specifications 
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16% for e = 0.75)° (see table 2). The differ- 
ences in GARB are very small when the price 
elasticity of supply approaches unity. 

For each of the four cases, the values of GARB 
are insensitive to the value of the price elasticity 
of demand. The values of GARB calculated us- 
ing the DS, and D,S, specifications (cases 1 
and 2) are not sensitive to the choice of supply 
elasticity. However, the values of GARB cal- 
culated using the D,Sy and D,Sy specifications 
(cases 3 and 4) are extremely sensitive to changes 
in supply elasticity. The explanation for this is 
as follows: for e < 1, the NLCE supply curves 
slope upwards at an increasing rate [see §, and 
S> in fig. 1(b)], whereas for e > 1, the NLCE 
supply curves slope upwards but at a decreasing 
rate [see S; and S} in fig. 1(b)]. Given an iden- 
tical size of cost reduction at the initial equilib- 
rium, the “with research” and the “without re- 
search” supply curves for e < 1 lie closer together 
(i.e., the mean vertical distance between the two 
supply curves S, and S, is smaller), resulting in 
smaller values of GARB relative to the linear 


` This is for |n| = 1. The pattern is similar for other values of 
l. 


Comparison of the Level and the Distribution of Research Benefits for the D,S, 





Case | (DS) 


7 e CS PS 
0.61 0.0500 0.0000 
0.25 0.0963 —0.0462 
—0.01 0.75 0.0988 —0.0488 
1.00 0.0992 —0.0491 
2.00 0.0997 —0.0496 
0.01 0.0039 0.0462 
0.25 0.0510 0.0003 
—0.25 0.75 0.0772 —0.0262 
1.00 0.0825 —0.0315 
2.00 0.0919 —0.0408 
0.01 0.0010 0.0491 
0.25 0.0206 0.0304 
— 1.00 0.75 0.0458 0.0065 
1.00 0.0540 —0.0014 
2.00 0.0740 -0.0204 
0.01 0.0001 0.0500 
0.25 0.0013 0.0500 
—20.00 0.75 0.0041 0.0499 
1.00 0.0055 0.0497 
2,06 0.0124 0.0488 


Case 3 (DSK) 
TS CS PS TS 


a I 
0.0500 0.0513 ~0.0503 0.0010 
0.0501 0.0964 ~0.0763 0.0201 
0.0501 0.0988 —0,0559 0.0429 
0.0501 0.0991 —0.0491 0.0501 
0.0501 0.0996 —0.0329 0.0667 
0.0501 0.0041 ~0.0030 0.0010 
0.0506 0.0517 0.0310 0.0207 
0.0510 0.0767 —0.0329 0.0438 
0.0510 0.0817 ~0.0307 0.0510 
0.0511 0.0905 ~0.0227 0.0678 
0.0501 0.0010 0.0000 0.0010 
0.0510 0.0211 0.0000 0.0211 
0.0522 0.0452 —0.0001 0.0451 
0.0526 0.0527 —0.0001 0.0526 
0.0536 0.0703 ~0.0002 0.0701 
0.0501 0.0001 0.0010 0.0010 
0.0513 0.0013 0.0200 0.0213 
0.0539 0.0040 0.0429 0.0468 
0.0553 0.0053 0.0500 0.0553 
0.0611 0.0105 0.0664 0.0770 





Note: Negative (—) indicates a loss in surplus. 
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Table 2. Differences in Values of GARB 
Calculated Using the D,S, (Case 1) and the 
D,Sy (Case 3) Specifications 


Supply Case 1 Case 3 Difference 
Elasticity (DiS) (D,Sy) in GARB* 
~-=----=+2= ($) ------------ (%) 
0.01 0.05005 0.00104 4700 
0.25 0.05102 0.02107 142 
0.50 0.05172 0.03512 47 
0.75 0.05224 0.04515 16 
1.00 0.05264 0.05268 0 
1.25 0.05294 0.05853 —11 
1.50 0.05319 0.06322 —19 
2.00. 0.05357 0.07024 =a 
5.00 0.05455 0.08780 —6l 


* Major finding from table 1, using ņn = —1. 


supply curves. The “with research” and the 
“without research” supply curves for e > 1 lie 
further from each other (i.e., the mean vertical 
distance between the two supply curves S, and 
Si is greater), resulting in larger values of GARB 
relative to the linear supply curves. 

Consumers’ benefits from research are similar 
for each of the four cases. The significant dif- 
ference in GARB between cases 1 and 2 on the 
one hand and cases 3 and 4 on the other reflect 
differences in benefits to producers. Producers 
can lose for each of the four cases when the de- 
mand for a commodity is price inelastic (i.e., 
in| < 1), and with nonlinear supply (cases 3 and 
4) producers gain from research only when |n! 
> 1.° This contrasts with a linear parallel shift 
in supply when producers always gain (unless 
demand is perfectly inelastic). For each of the 
four cases, producers’ gains from research in- 
crease (or losses decrease) with increases in 7 
and fall with increases in e. 


Concluding Comments 


The major finding reported in this note is that 
the values of GARB calculated using the linear 
pivotal supply shift model (cases 1 and 2) are 
substantially larger than those calculated using 
the constant elasticity pivotal supply shift model 


é Our results are consistent with the major finding reported in 
Miller, Rosenblatt, and Hushak. That paper focused on the effects 
of supply shifts on producers’ surplus. For supply and demand curves 
that are linear or power functions; a small downward pivot of the 
supply curve increased producers’ surplus only if the equilibrium 
point was far enough into the elastic region of the demand curve, 
and any downward pivot of the supply curve decreased producers’ 
surplus if the equilibrium point was in the inelastic region of the 
demand curve. 
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(cases 3 and 4) when the price elasticity of sup- 
ply for the commodity is significantly lower than 
unity. However, when the elasticity of com- 
modity supply is greater than one, the values of 
GARB calculated using the linear supply shift 
framework are considerably smaller than those 
calculated using the constant elasticity supply 
shift framework. An important implication of this 
finding is as follows: if the constant elasticity. 
specification is a better description of reality, 
the linear pivotal supply shift model for evalu- 
ating research benefits leads to marked overes- 
timation of research benefits when the com- 
modity supply is inelastic but to considerable 
underestimation when supply is elastic. 

It is debatable whether the real-world situa- 
tion corresponds more closely to constant elas- 
ticity or to constant slope. In our view, com- 
modity supply curves in agriculture are more 
likely to take the constant elasticity form. Both 
short-run and the long-run supply for many rural 
commodities have often been reported in the in- 
elastic range (less than unity) (e.g., Vincent, 
Powell, and Dixon; Tweeten). With inelastic 
supply at the initial equilibrium, a linear supply 
curve passes through the negative fourth quad- 
rant. An extrapolation of the linear inelastic 
commodity supply curve to the negative fourth 
quadrant (i.e., production of the commodity at 
undefined negative prices) is unrealistic. This 
problem is avoided by the use of constant elas- 
ticity supply curves; these curves pass through 
the origin. Our analysis, therefore, leads us to 
the view that the use of a nonlinear, constant 
elasticity specification of the supply curve and 
a pivotal shift due to research is usually pref- 
erable to use of a linear supply curve with piv- 
otal shift. 


[Received January 1990; final revision 
received August 1990.] 
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Dairy Farm Efficiency Measurement 
Using Stochastic Frontiers and 
Neoclassical Duality 


Boris E. Bravo-Ureta and Laszlo Rieger 


This paper presents a stochastic efficiency decomposition model based on Kopp and 
Diewert’s deterministic methodology. The stochastic model is used to analyze technical, 
economic, and allocative efficiency for a sample of New England dairy farms. The 
results suggest that mean economic efficiency for the farmers in the sample is about 
70% and that, on average, there is little difference between technical (83.0%) and 
allocative (84.6%) efficiency. Analyses of the relationship between efficiency and four 
socioeconomic variables—-farm size, education, extension, and experience—reveal that, 
despite some statistically significant associations, efficiency levels are not markedly 


affected by these variables. 


Key words: economic, technical, and allocative efficiency; milk production; stochastic 


frontiers. 


Efficiency measurement has received consider- 
able attention from both theoretical and applied 
economists. From a theoretical point of view, 
there has been a spirited exchange about the rel- 
ative importance of the various components of 
firm efficiency (Leibenstein 1966, 1978; Co- 
manor and Leibenstein; Stigler). From an ap- 
plied perspective, measuring efficiency is im- 
portant because this is the first step in a process 
that might lead to substantial resource savings. 
These resource savings have important impli- 
cations for both policy formulation and firm 
management. 

In the policy arena, there is a continuing con- 
troversy regarding the connection between farm 
size, efficiency, and the structure of production 
agriculture (e.g., Hall and LeVeen). For indi- 
vidual farms, gains in efficiency are particularly 
important in periods of financial stress similar 
to that experienced in U.S. agriculture in the 
1980s. Efficient farms are more likely to gen- 
erate higher incomes and thus stand a better 
chance of surviving and prospering. 
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The current interest in efficiency measure- 
ment finds its origin in a pioneering paper pub- 
lished by M. J. Farrell over thirty years ago. 
The approach proposed by Farrell distinguishes 
between technical and allocative efficiency where 
the former refers to the ability of producing a 
given level of output with a minimum quantity 
of inputs, given technology; the latter refers to 
the choice of the optimal input proportions given 
relative prices. Economic or total efficiency is 
the product of technical and allocative effi- 
ciency. Farrell’s model, which is known as a 
deterministic nonparametric frontier (Forsund, 
Lovell, and Schmidt), attributes any deviation 
from the frontier to inefficiency and imposes no 
functional form on the data. Several extensions 
of Farrell’s deterministic model have been made 
by Aigner and Chu, Timmer, Afriat, Richmond, 
Schmidt (1976), and Greene, among others. 

A deficiency characterizing all deterministic 
frontier models is their sensitivity to extreme 
observations. A more recent approach for mea- 
suring efficiency, which seeks to ameliorate the 
extreme observation problem, is the stochastic 
frontier model developed by Aigner, Lovell, and 
Schmidt, and by Meeusen and van den Broeck. 
The stochastic frontier model assumes an error 
term with two additive components—a sym- 
metric component which accounts for pure ran- 
dom factors, and a one-sided component which 
captures the effects of inefficiency relative to the 
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stochastic frontier. A recent extension by Jon- 
drow et al. has solved the previous inability of 
deriving individual firm efficiency measures from 
stochastic frontiers. 

Farrell’s model allows the computation of al- 
locative, technical and, hence, of economic ef- 
ficiency, but this computation is restricted to a 
technology exhibiting constant returns to scale. 
Recent work by Kopp and Diewert, Akridge, 
Kumbhakar, and Schmidt and Lovell has led to 
alternative formulations of parametric models 
which relax the linear homogeneity restriction 
while enabling the calculation of the various ef- 
ficiency indexes.’ In spite of these methodolog- 
ical developments, efficiency studies dealing with 
agriculture, in general, and U.S. milk produc- 
tion, in particular, have focused primarily on 
technical efficiency. 

This paper contributes to the literature on firm- 
level efficiency measurement by extending Kopp 
and Diewert’s decomposition technique from a 
deterministic to a stochastic model. This sto- 
chastic formulation yields technical, economic, 
and allocative efficiency measures that are free 
from distortions, stemming from statistical noise, 
inherent in deterministic models. In addition, the 
. model makes possible a comprehensive effi- 
ciency analysis relying only on the econometric 
estimation of a production frontier, which is 
helpful because the firm-level price data re- 
quired to estimate dual (cost or profit) models 
are often unavailable or inadequate (Quiggin and 
Bui-Lan). As far as we know, this is the only 
study that analyzes technical, economic, and al- 
locative inefficiency besides the work by Tay- 
Jor, Drummond, and Gomes for a sample of 
Brazilian farmers. The latter paper, however, 
utilized a deterministic model and, conse- 
quently, the resulting efficiency measures are 
sensitive to outliers. 

The stochastic efficiency decomposition model 
is applied to a sample of New England dairy 
farms in order to quantify technical, allocative, 
and economic efficiency levels. The results show 
that focusing only on technical efficiency, as the 
applied studies of dairy farm efficiency have done 
(e.g., Bravo-Ureta, Grisley and Mascarenhas, 
Quiroga and Elterich, and Tauer and Belbase) 
considerably understates the potential gains from 
improvements in overall performance. An eval- 


! The models developed by Akridge, Kumbhakar, and by Schmidt 
and Lovell require the joint estimation of the production frontier 
and the first-order conditions for profit maximization or cost min- 
imization. Therefore, the high data requirements of these models 
preclude their consideration in this paper. 
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uation is made also of the relationships between 
inefficiency and farmers’ socioeconomic char- 
acteristics. Efficiency in dairy production is im- 
portant because technological innovations (e.g., 
bovine sematotropin, or bST), the seemingly 
chronic oversupply of dairy products, and at- 
tempts to reduce fiscal outlays for agricultural 
programs suggest that the trend toward fewer milk 
producers is likely to continue. During this pe- 
riod of adjustment, efficiency will be a key de- 
terminant of dairy farm survival. 


Analytical Framework 


Following Kopp and Diewert, we begin by as- 
suming that the production frontier is given by 


(1) Q = 8(Xa), 


where Q is output, and X, is a vector of variable 
inputs. The technically efficient input vector CX,) 
for a given level of output (Q) is derived by 
solving simultaneously equation (1) and the in- 
put ratios X,/X; = k{i > 1), where k; is the ratio 
of observed inputs X, and X; at output QO.” 

Assuming that the production frontier is self- 
dual (e.g., Cobb-Douglas), then the correspond- 
ing cost frontier, derived analytically, can be 
written in general form as 


(2) C = hh, Q), 


where C is the minimum cost associated with 
the production of output Q, and P is a vector of 
input prices.” Applying Shephard’s lemma, we 
obtain 


aa XP, Q) 
SP, i ? 3 


which is the system of minimum cost input de- 
mand equations. Substituting a firm’s input prices 
and output quantity into the demand system in 
equation (3), we obtain the economically effi- 
cient input vector (X,). The X, and X, vectors 
can be used to compute the cost of the techni- 
cally efficient (X; P) and the economically ef- 
ficient (X,’P) input combinations associated with 
the firm’s observed output. In addition, the cost 
of the firm’s actual operating input combination 


(3) 


? For a homoathetic production function, this solution essentially 
corresponds to the point where the efficient isoquant for Ê inter- 
sects the isocline X,/X; = k; 

3 The method developed by Kopp and Diewert can also be im- 
plemented bv estimating a cost frontier which need not be self-dual 
(e.g., translag". However, given the data available to us, we follow 
the primal rowe and use a self-dual function. 
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is given by X, P. These three cost measures can 
now be used to compute technical (TE) and eco- 
nomic (EE) efficiency indexes as follows: 


(4) TE = (X,P)/(X4P), 
(5) EE = (X,P)/(X2P). 


Finally, allocative efficiency (AZ), derived from 
equations (4) and (5), is given by 


(6) AE = (EE)/(TE) = (X!P)/(X/P). 


Kopp and Diewert’s decomposition approach 
is based on a deterministic frontier which im- 
poses the limiting assumption that any deviation 
from the frontier is the result of inefficiency; 
hence, the resulting inefficiency measures are 
biased (Schmidt, 1985—86). To avoid this prob- 
lem, we estimate a stochastic production fron- 
tier model and use the approach introduced by 
Jondrow et al. to purge the purely random error 
from the efficiency component. 

To illustrate how the random error is purged, 
consider the stochastic production frontier, 


(7) OSAI 4 «; 
where 
(8) €e=v—-u 


is the composed error term (Aigner, Lovell, and 
Schmidt; Meeusen and van den Broeck). The 
two components v and u are assumed to be in- 
dependent of each other, where v is the two- 
sided, normally distributed random error (v ~ 
N(O, o%)), and u is the one-sided efficiency 
component with a half-normal distribution (u ~ 
IN(O, o2)|). The maximum likelihood estimation 
of equation (7) provides estimators for B, A, and 
o”, where B was defined earlier, A = o,,/o,, and 
g? = g} + o%. Given the assumptions on the 
distribution of v and u, Jondrow et al. show that 
the conditional mean of u given e is equal to 


feQe/o) ae) 


(O PREIS = Oe (- ~F*(\e/o) o 


where f* and F* are, respectively, the standard 
normal density and distribution functions, eval- 
uated at Ae/o, and o% = o} o?/o’. 

Thus, equations (7) and (9) provide estimates 
for u and v after replacing €, ox, and A by their 
estimates. Subtracting v from both sides of (7) 
results in 


(10) Q* = f(X,) 7 u =Q ~ v, 


where Q* is the firm’s observed output adjusted 
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for the statistical noise captured by v. Equation 
(10) is used to compute the vector X, and to al- 
gebraically derive the cost frontier which, in turn, 
is the basis for obtaining the minimum cost fac- 
tor demand equations. The latter are then used 
to calculate the vector X,. 


Data and Empirical Model 


Cross-sectional data for a sample of 511 New 
England dairy farms (excluding the state of Rhode 
Island) are used to estimate a Cobb-Douglas sto- 
chastic production frontier which is the basis for 
deriving a stochastic cost frontier and related ef- 
ficiency measures. Following Zellner, Kmenta, 
and Dréze, we adopt the standard practice of 
justifying a single-equation model by assuming 
that farmers maximize expected profits (e.g., 
Caves and Barton, Kopp and Smith). 

The data used in this study are from Dairy 
Herd Improvement (DHD) production records for 
the calendar year 1984 combined with data ob- 
tained from a mail survey. Descriptive statistics 
for the variables used in the analysis are given 
in table 1. The specific model estimated is the 
following: 


(11) InQ = Lap + BLnX, + BoLnX 
+ B,LnX, + BaD, + B;D2 + BéD3 +e, 


where Q is annual milk production per farm 
measured in hundredweight adjusted to a 3.5% 
butterfat basis; X, is annual consumption of pur- 
chased dairy concentrate in tons per farm; X, is 
annual consumption of forage feed in tons per 
farm which is equal to the consumption of suc- 
culent roughage plus dry roughage, assuming a 
dry matter content of 30% and 90%, respec- 
tively; and X; is annnual variable labor used per 
farm measured in full time worker-equivalents. 
The original data set contains information on to- 
tal labor used per farm; thus, to obtain variable 
labor one operator per farm is assumed to be . 
fixed, and this is subtracted from total labor. This 
is not an entirely adequate adjustment since 
family labor is often considered to be a fixed 
input (e.g., Stefanou and Saxena). However, data 
limitations preclude the construction of a more 
refined measure of labor. D, is a binary variable 
equal to one if the farm has a stanchion barn 
and a bucket and carry milking system and zero 
otherwise; D, is a binary variable equal to one 
if the farm is located in Maine or Massachusetts 
and zero otherwise; D3,1s a binary variable equal 
to one if the farm is located in Vermont and zero 
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Ordinary Least Squares (OLS) Estimates of a Cobb-Douglas (C-D) Production 


Function and Maximum Likelihood (ML) Estimates of a C-D Production Frontier 





Mean 

Variable (std. dev.) 
Intercept 
C. Feed (X) 176.70 

(143) 
Forage (X2) 230.38 

(164) 
Labor (X;) 1.03 

(0.94) 

D, (% 0.05 
Dz (P) 0.31 
D, (%) 0.50 


Function coefficient 
F-statistic model 
F-statistic CRTS? 
Adj. K? 

A 


g? 


Log likelihood 


Note: This 1984 sample included 511 New England dairy farms. 
* CRTS constant returns to size. 


OLS Production ML Production 
Function Frontier 
Estimates Estimates 

(std. error) (Asymptotic std. error) 
4.47] ##x° 4,557 *** 
(.079) (.089) 
0.562*** 0.560*** 
(.019) (.019) 
0.340*** 0.343*** 
(.019) (.020) 
0.014*** 0.014*** 
(.004) (.005) 

~ 0.08 1*** ~0.083*** 
(.031) (.037) 
—0.063*** 0.060*** 
(.019) (.019) 
0.063*** 0.064*** 
(.018) (.018) 
0.916 0.917 
1169*%** 
AZ*** 
0.932 
0.779% ** 
(0.369) 
0.167*** 
(.015) 
260.1 


> Three asterisks indicate significance at 1% level; two indicate significance at 5% level. 


otherwise; B; are parameters to be estimated (i 
= 0, ..., 6); and € is a composed error term 
defined earlier. The dummy variables capture 
any effects of milking technology (D,) and farm 
location (D, and D3) on the placement of the 
production frontier.* The variable inputs in- 
cluded in the specification of equation (11) are 
similar to those recently used by Stefanou and 
Saxena in their model of Pennsylvania dairy 
farms. 


Results and Analysis 


Table 1 presents the maximum likelihood esti- 
mates of the stochastic production frontier. For 
comparison purposes OLS estimates are also 
shown. All parameter estimates are statistically 
significant at the 1% level in both models. The 
only exception is the parameter for D, in the 
production frontier equation which is significant 


* Connecticut and New Hampshire are combined because prelim- 
inary estimations showed that the location effect was almost iden- 
tical for these two states. Maine and Massachusetts are also com- 
bined for the same reason. 


at the 5% level. Slope parameters across equa- 
tions are similar, which suggests that the fron- 
tier function represents a neutral upward shift of 
the OLS model. The quasi-function coefficient 
in both the frontier and the OLS model is about 
0.92, and the hypothesis of constant returns to 
size, based on a restricted least squares regres- 
sion, is rejected at the 1% level. 

The dual cost frontier, derived analytically 
from the production frontier shown in table 1, 
is equal to 


(12) LaC = 0.014 + 0.091D, + 0.660D, 
~ 0.069D, + 0.611LnP,,, 
+ 0.374LnP,, + 0.016LnP3, 
+ 1,091LnQ* 


where C is variable cost of milk production per 
farm in 1984; D, is a dummy variable (j = 1, 
2, 3) as defined above; P; is price per ton of 
16% protein dairy feed in the ith state (i = 1, 
2, ..., 5); Pu iS price per ton of forage feed in 
the ith state; P4; is annual wages per worker em- 
ployed in agriculture, forestry, and fishing in the 
ith state; and Q* is annual milk production per 
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Table 2. Frequency Distribution of Eco- 
nomic, Technical, and Allocative Efficiency 
Estimates 


Efficiency | Economic Technical Allocative 
Level (%) Efficiency Efficiency Efficiency 
>95 o° 0 94 
(0.0) (0.0) (18.4) 
>90 395 0 0 57 
(0.0) (0.0) (11.1) 
>85 =90 1 70 102 
(0.2) (13.7) (20.0) 
>80 =85 70 407 108 
(13.7) (79.6) (21.1) 
>75 =80 77 31 73 
(15.1) (6.1) (14.3) 
>70 875 112 3 38 
(21.9) (0.6) (7.4) 
>65 $70 127 0 25 
(24.9) (0.0) (4.9) 
>60 =65 65 0 8 
(12.7) (1.6) (1.6) 
=60 59 0 
(11.5) (0.0) (1.2) 
Mean 70.2 83.0 84.6 
Minimum 44.6 72.6 52:5 
Maximum 86.3 87.7 99.7 


Note: See note, table 1. 
* The top figure is the number of farms, and the figure in paren- 
thesis is the percent of farms. 


farm adjusted for any statistical noise as speci- 
fied in equation (10) above. Input price data for 
individual farms are not available, which forces 
us to employ state-level average input prices for 
1984.° In general, this is a reasonable assump- 
tion considering the relatively small geograph- 
ical area where the farms in the sample are lo- 
cated and the competitive nature of the markets 
in question. 

The average economic (EE), technical (TE) 
and allocative efficiency (AE) indexes com- 
puted for the sample, shown in table 2, are 70.2, 
83.0, and 84.6, respectively. This average tech- 
nical efficiency measure of 83.0% is very close 
to the 82.0% reported by Bravo-Ureta based on 
a probabilistic production frontier model for a 
sample of New England dairy farms participat- 
ing in ELFAC (Electronic Farm Accounts). 
However, the measure is considerably higher than 
the 69.0% reported by Tauer and Belbase, who 


$ The input prices used are (U.S. Bureau of the Census, U.S. 
Department of Agriculture): 


Connecticut: 
Maine: 
Massachusetts: 
New Hampshire: 
Vermont: 


P, = $178; P} = $79.7; P} = $10,735. 
P, = $176; Py = $94.6; Py = $14,327. 
P, = $192; P} = $96.1; P, = $11,908. 
Pi = $187; P, = $83.3; P} = $11,167. 
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used a corrected ordinary least squares proce- 
dure to estimate a production frontier for a sam- 
ple of New York dairy farms. Similar compar- 
isons for economic and allocative efficiency 
cannot be made because, as far as we know, no 
such measures for dairy farms have been re- 
ported in the literature. 

Table 3 presents a summary of observed, eco- 
nomic, and technically efficient costs along with 
potential savings for three groups each contain- 
ing 10% (51 farms) of the farms with the low- 
est, middle, and highest level of economic ef- 
ficiency. Based on analysis of variance (ANOVA) 
and the Kruskal-Wallis (K-W) test, the results 
indicate that these costs are significantly differ- 
ent across the three groups at the 1% level. The 
data suggest that the most economically ineffi- 
cient group in the sample could save an average 
of $1.44 per hundredweight if it became tech- 
nically efficient and $3.60 per hundredweight if 
it became economically efficient. In contrast, the 
figures for the group with the highest economic 
efficiency are $0.87 and $0.96, respectively. 

The ANOVA and K-W tests are also used to 
evaluate the relationship between efficiency and 
four socioeconomic characteristics of the farms 
in the sample. The four characteristics analyzed 
are (a) farm size, measured by the average num- 
ber of dairy cows in 1984; (b) education, mea- 
sured by the number of years of schooling com- 
pleted by the farm operator; (c) extension, 
measured by the number of extension meetings 
attended plus farm visits by extension agents 
during 1982 and 1983; and (d) experience, mea- 
sured by the age of the farm operator. The re- 
sults of the K-W and ANOVA tests, shown in 
table 4, reveal a statistically significant positive 
relationship between TE and farm size, while 
the opposite is true for AE and EE. This same 
pattern is observed for extension. By compari- 
son, experience shows no significant association 
with TE but is inversely related to EE and AE. 
Finally, education appears to have no statisti- 
cally significant association with efficiency in 
this sample. Even in the cases where a statisti- 
cally significant difference is observed, the ac- 
tual efficiency levels across the three farm groups 
are remarkably close to each other. 

Our results concerning farm size and TE are 
consistent with the estimates reported by Grisley 
and Mascarenhas for Pennsylvania dairy farm- 
ers, by Tauer and Belbase for New York dairy 
farms, and by Bagi for mixed crop and livestock 
farms in Tennessee. In contrast, no connection 
between TE and farm size was reported by Bravo- 
Ureta for New England dairy farms, by Byrnes 
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Table 3. Summary of Observed and Efficient Costs and of Potential Savings 


Economic Efficiency* 





Analysis of Kruskal- 
Lowest Micdle Highest Variance Wallis 

Variable 10% 10% 10% F-Value Test 
Per hundredweight 42 wer twennnnneene nen ($) ---------------------- 

Observed cost 8.47 6.95 5.55 2564+49 L265t* 

Economically efficient cost 4.87 4.68 4.59 i 1397% 

Technically efficient cost 7.03 5:73 4.68 229%E7 1257** 

Savings if economic efficient 3.60 2.27 0.96 

Savings if technical efficient 144 1 0.87 





Note: See note, table 1. 


* The efficiency comparisons are performed for three groups of farms defined as 10% of the farms with the lowest, the middle, and the 


highest average economic efficiency. 
" Three asterisks indicate significance at the 1% level. 


et al. for Illinois grain farms, and by Bagi for 
crop farms in Tennessee. The lack of relation- 
ship cbserved in our sample between education 
and TE, and between experience and TE, al- 
though surprising, is in agreement with the find- 
ings cf Tauer and Belbase for New York dairy 
farms. Our results regarding the relationships 
between the socioeconomic variables and AF and 
EE as well as between extension and efficiency 
cannot be compared to other U.S. samples be- 
cause no comparable studies have been pub- 
lished. However, studies using data from de- 
veloping countries have also yielded conflicting 
results concerning the relationship between TE 
and sacioeconomic variables similar to those in- 


cluded in this paper (e.g., Belbase and Gra- 
bowski, Huang and Bagi, Kalirajan). 


Concluding Comments 


This paper extends Kopp and Diewert’s effi- 
ciency decomposition methodology from a de- 
terministic to a stochastic framework and uses 
the latter to analyze efficiency in dairy produc- 
tion. The methodology developed here yields 
efficiency measures that are not distorted by sta- 
tistical noise. In addition, the methodology makes 
it possible to calculate not only technical but also 
allocative and economic efficiency relying solely 


Table 4. Statistical Tests of the Association between Average Efficiency Indexes and Four 


Socioeconomic Characteristics 





Farm Size Education 
Group” EE” TE AE EE TE 
l 72.0 82.6 87.2 70.8 82.8 
2 69.0 82.7 83.5 70.2 82.9 
3 69.3 83.5 83.1 69.9 83.0 
Kruskai-Wallis Test 
Cale. KW 18.0 21.0 22.0 0.7 1.3 
Significance HEE aE EK 
Analysis of Variance 
Calc. F 7.7 8.8 10.0 0.3 0.4 
Significance Fkk kE LEZ 


Note: See note, table 1. 


Extension Experience 
AE EE TE AE EE TE AE 


85.6 71.2 82.7 86.1 71.7 82.8 86.6 
84.7 70.3 82.8 84.9 70.2 83.1 84.5 
84.3 69.2 83.3 83.2 68.7 83.0 82.8 
0.5 7.4 8.7 10.2 14.7 0.9 15.9 
k #0 kkk oe CK 


* The groups for each of the four socioeconomic characteristics are defined as follows: 


Farm Size - Group 1: <44 cows; 

Education - Group l: <12 years of schooling; 
Extension - Group 1: no extension contacts; 
Experience - Group |: <37 years of age; 


> The efficiency index is the average for each group. 


Group 2: 44—64 cows; 

Group 2: 12 years of schooling; 
Group 2: 1-7 extension contacts; 
Group 2: 37-52 years of age; 


Group 3: >64 cows; 

Group 3: >12 years of schooling; 
Group 3: >7 extension contacts; 
Group 3: >52 years of age. 


€ Three asterisks indicate significance at 1% level; two, at the 5% level. 


Bravo-Ureta and Rieger 


on the econometric estimation of a production 
frontier. 

The analysis shows that, for our sample of 
New England dairy farms, average technical ef- 
ficiency is 83.0%, average economic efficiency 
is 70.2%, and average allocative efficiency is 
84.6%. These results suggest little difference, 
on average, between technical and allocative 
inefficiency, which is of interest given the con- 
troversy regarding the relative importance of the 
various components of efficiency (Leibenstein, 
1966, 1978; Comanor and Leibenstein; Stigler). 
However, the analysis shows that focusing only 
on technical efficiency understates the benefits 
that could be derived by individual farmers as 
well as society from an improvement in overall 
performance. Analyses of the relationship be- 
tween efficiency and four socioeconomic vari- 
ables—farm size, education, extension, and ex- 
perience—reveal that, despite some statistically 
significant associations, efficiency levels are not 
markedly affected by these variables. Further 
experimentation with different data sets and al- 
ternative methodologies is needed before the 
sensitivity of the results to the research design 
can be thoroughly judged. 


[Received December 1988; final revision 
received July 1990.] 
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Prospect Theory and Risk 
Preferences of Oregon Seed 


Producers 


Alan Collins, Wesley N. Musser, and Robert Mason 


Prospect theory relates risk preference classifications to gains and losses from a 
reference income level. This study applies prospect theory to reinterpret historical 
studies of risk preferences of Oregon grass seed growers. A significant relationship 
between changes in classifications of preferences and changes in income was found. 
Results indicated that those who lost income were concentrated in the category of 
changing to risk preferrers. Income changes calculated from crop combinations were 
also found to be correlated in a theoretically correct pattern with positive measures of 
risk from crop enterprises. The research therefore is consistent with further applications 


of prospect theory to farm management. 


Key words: expected utility theory, prospect theory, risk preferences, variance 


estimation. 


Substantially different risk preferences have been 
reported among a single population of Oregon 
grass seed producers at different points in time 
(Halter and Mason, Whittaker and Winter). 
Similar intertemporal instability of risk prefer- 
ences among agricuitural producers has been re- 
portéd in India (Binswanger). From the results 
in Oregon, Fleisher and Robison concluded that 
the elicitation methods were fundamentally 
flawed, or risk preferences do change over time. 

In the Oregon research, the possibility of er- 
rors was minimized by survey research center 
data collection and polynomial curve fitting of 
utility functions. These methods minimize in- 
terview errors (Musser and Musser, Fleischer and 
Robison) and functional form specification er- 
rors (Buccola and French, Dillon and Scan- 
dizzo, Musser et al.), respectively. However, 
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measurement errors in variables could bias util- 
ity function coefficients (Knowles). In addition, 
response measurement errors may result if the 
elicitation process is beyond human cognitive 
capacity. In this case, changes in measured risk 
preferences could be the result of random errors 
in responses (Musser and Musser). 

While methods problems cannot be dis- 
missed, the alternative explanations of system- 
atic changes in risk preferences do merit atten- 
tion. Earlier research on these data indicated that 
changes in wealth could not explain the pref- 
erence shifts within the expected utility frame- 
work. Another possibility is prospect theory, 
which predicts individuals can alternate between 
risk-averse and risk-seeking behavior (Kahne- 
man and Tversky). This theory has been applied 
in natural resource economics to reconcile dif- 
ferences between willingness to pay and will- 
ingness to sell (Gregory; Cummings, Brook- 
shire, and Schulze). 

This paper investigates the use of prospect 
theory to rationalize changing risk preference 
results from the earlier Oregon studies (Halter 
and Mason, Whittaker and Winter). The next 
section of the paper summarizes relevant fea- 
tures of prospect theory and its implications for 
these earlier studies. The subsequent two sec- 
tions present further empirical analysis of the risk 
preference data from these studies. Changes in 
risk preferences are related to changes in gross 
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farm income as a measure of wealth changes be- 
tween sample periods. In addition, managerial 
responses in enterprise organization are com- 
pared to gross income changes to link wealth 
changes with managerial behavior. 


Aspects of Prospect Theory 


While prospect theory has roots in expected util- 
ity theory, it is strongly influenced by cognitive 
theories of bounded rationality (Simon). Kahne- 
man and Tversky developed the theory to ra- 
tionalize divergences in behavior from predic- 
tions of expected utility theory. Their earlier work 
on decision heuristics (Tversky and Kahneman) 
strongly influenced this theory. Prospect theory 
describes decisions as having two stages—ed- 
iting and evaluation. Editing simplifies the de- 
cision problem for the evaluation stage. For ex- 
ample, alternative outcomes of a decision are 
redefined as gains and losses from a reference 
point (P,), which is usually the current wealth 
or equity capital position of an individual. 

Evaluation utilizes an adaption of the ex- 
pected utility decision rule: 


(1) V (D) = >, mpa, 
i=] 


where D, is a decision alternative, x; is a gain 
or loss outcome with a probability p;, n is the 
number of edited outcomes, a(p,) is a weighting 
function based on p;, and v(x;) is a value func- 
tion. The weighting function is related to sub- 
jective probabilities but does not exactly follow 
probability rules. Specifically, w(p;) > p; for 
small p; and 27_,7(p;) < 1. In evaluation, the 
alternative from the edited prospects that max- 
imizes V(D,) is chosen.’ 

The value function has a similar role to a util- 
ity function but is defined on gains and losses 
in wealth rather than level of wealth. As illus- 
trated in figure 1, specific properties are pos- 


' Prospect theory, like most psychological theories, is 4 positive 
rather than normative theory. Unlike decision theory, all the the- 
oretical constructs need not be empirically estimated. The focus is 
on their behavjoral implications pather than postulates. Positive 
economics is similar in that respect; consumer utility functions and 
firm production functions need not be estimated to test theoretical 
hypotheses. For example, Kahneman and Tversky do not expect 
v(x) aná ar(p,) to be estimated. Nevertheless, some empirical find- 
ings in farm management support their assumptions. Kahneman and 
Tversky cited research on utility functions from agricultural man- 
agers as being consistent with v(@,) as do Anderson, Dillon, and 
Hardaker. Bessler and SriRamaratnam et al. report subjective prob- 
ability distributions that have some properties similar to m(p)). 
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tulated for v(x). For x; > 0, the individual is 
risk averse, v’(x) < 0, and, for x; < 0, an in- 
dividual is a risk seeker, v’(x;) > 0. A discon- 
tinuity in v(x) is assumed at x; = 0 with v’(x,) 
< y'(—x,) for x; > 0. Kahneman and Tversky 
proposed the properties of v{x,;) based on ex- 
perimental evidence of individual probabilistic 
decisions. Schurr recently confirmed this shape 
in experiments on risky business negotiations on 
commodities. 

To predict changes in risk preferences and be- 
havior over time with prospect theory, the con- 
cept P, is used. Prediction is possible in situa- 
tions where decisions are based on a P, which 
differs from the status quo in individual wealth. 
These situations can occur when decision mak- 
ers have not yet adapted to recent changes in 
wealth or when expectations of future wealth 
positions have been incorporated into P,.:In such 
cases, gains and losses from a decision are eval- 
uated in connection with recent wealth changes 
or relative to an expected level of wealth.* The 
effect of a failure to incorporate losses into P, 
is illustrated in figure 1. Assume a recent wealth 
loss (Y;), which is not incorporated into P,, so 
that v(@,) is stable. Then, prospects are evalu- 
ated as v(Y, + x;). Now, even gains are evalu- 
ated with a convex value function as long as Y, 


2? Admittedly this failure to adapt P, is ad hoc. However, such 
ad hoc dynamics are also used in economics research. For example, 
Deaton and Muehlbauer provide a review of such inflexibility in 
consumption; Langemeier and Patrick is a recent application of such 
models to consumption behavior of farm families. 


v (x) 


=m Gains 





Figure 1. Value function hypothesized from 
prospect theory 
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+ x, < 0. Thus, individuals in a loss situation 
would exhibit risk-seeking behavior. This fail- 
ure to adapt to recent wealth changes for indi- 
viduals in a loss situation can be related to com- 
monly perceived behavior. Kahneman and 
Tversky cite a well-known tendency toward bet- 
ting on “long shots” near the end of a betting 
day as an example of failure to adapt P,. A fail- 
ure to adapt to gains is harder to relate to com- 
mon behavior (Kahneman and Tversky, pp. 286— 
88). Logically, this failure would have the op- 
posite effect of increasing risk aversion. Isen, 
Nygren, and Ashby recently found increasing 
risk aversion in individuals that received a prior 
gain. However, they explained their results as a 
shift in a(p,) rather than P,. 

In this study, Pratt’s absolute risk aversion 
coefficient (R) for individual producers is used 
to measure responses of P, to gains and losses 
in wealth. Prospect theory provides no predic- 
tion of the changes in R if changes in wealth are 
incorporated in P,. However, assuming failure 
to incorporate prior wealth changes in P, gives 
definite predictions for changes in R. Recent 
losses (gains) in wealth result in v(x;) being con- 
vex (concave) for both gains and losses. Thus, 
measures of R would tend to be negative (pos- 
itive) after the wealth change. Whatever the 
measure of R before the wealth changes, inter- 
temporal changes in R therefore should tend to 
have the same sign as recent changes in wealth. 
This implication of prospect theory is evaluated 
for the Oregon grass seed producers in this re- 
search. 


Methods 


Data for this study are from three surveys of Or- 
egon grass seed producers in March 1973, April 
1974, and December 1975. Data on crop acreages 
and other farm characteristics were collected for 
the 1973, 1974, and 1975 crop years. Risk pref- 
erences were elicited in the last two surveys based 
on gross farm income from completed 1973 and 
1974 crop years, respectively. Thus, cropping 
decisions in the last two surveys lagged realized 
income on which risk preferences were based. 
Of the forty-four producers interviewed in 1974, 
thirty-seven completed the 1975 survey. 


Risk Preferences 


Risk preferences were elicited with the Ramsey 
method (Halter and Mason). Gross farm income 
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was used for accuracy in recall during the in- 
terviews. Net income (or wealth) would have 
been more desirable theoretically. However, gross 
income does correspond with the standard as- 
sumption of the stochastic component of net in- 
come in production (Dillon). Individual utility 
functions were fit to linear, quadratic, or cubic 
functional forms based on goodness of fit cri- 
teria and visual inspection of scatter plots (Hal- 
ter and Mason). These criteria allowed func- 
tional form to vary from 1974 to 1975. Absolute 
risk aversion coefficients (R) were calculated from 
the estimated functions at sample-reported 1973 
and 1974 gross farm income levels. 

Change in gross farm income between 1973 
and 1974 (A, = 1974 income — 1973 income) 
was used to measure wealth changes. More ac- 
curate measures of wealth changes would in- 
clude data on changes in net farm income, eq- 
uity capital, household consumption spending, 
and nonfarm income. These data are harder to 
collect accurately and were not included in the 
surveys of Oregon grass seed producers. With 
this wealth change measure between 1973 and 
1974, the absolute risk aversion coefficient prior 
to the wealth change was compared to that after 
the change (Ap = Rig — Rin). A chi-square 
classification table was used to test for indepen- 
dence between A, and A, as measures of wealth 
and risk preference changes, respectively. 


Behavioral Risk Responses 


Given the behavioral focus of prospect theory, 
this study also considers the managerial re- 
sponse in crop enterprise organization among the 
Oregon grass seed producers to the changes in 
risk preferences. While measurement of risk 
levels of decisions is a difficult theoretical and 
empirical issue (Hey, Young), this study as- 
sumed variance of gross income (VAR,) approx- 
imated risk in behavior (Levy and Markowitz, 
Robison and Barry). While subjective probabil- 
ities would have been more consistent with de- 
cision theory and reflected differences in land, 
management, and other resources among the 
farmers, they were unavailable for this study. 
Thus, historical risk measures were used to proxy 
individual subjective distributions. 

Crops included in this analysis were annual 
rye, perennial rye, tall fescue, bentgrass, Mer- 
ion bluegrass, wheat, oats, and barley. Some 
producers had livestock and/or other crops; 
however, inadequate sample data were available 
to include these enterprises in variance of gross 
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income. A time series of annual acreage, price, 
and yield data for each of the crops were col- 
lected for 1954 to 1974 (Oregon State Univer- 
sity Extension Service). County averages for Linn 
County, where the majority of the sample pro- 
ducers were located, were used for the analysis. 
Gross incomes were inflated to 1974 price lev- 
els with the “Index of Prices Paid by Farmers 
for Production Items” (U.S. Department of Ag- 
riculture). 

Using criteria of Peck and Young for positive 
objective risk measures, risk measures (V(X, Y)) 
were calculated as weighted moving averages of 
historical forecast errors of gross income: 


2) V(X, ¥)= >) wX- EX) Y,- E(¥)), 


t=] 


where E(X) and E,(y) are forecasted expected 
values of X and Y in time period t, and w, are 
weights on forecast errors from previous periods 
where X, w, = 1. V(X, Y) is a mean-squared 
error estimate of variance of a variable when X 
= Y and of covariance between X and Y when 
X#Y. 

This research utilized an adaptive expectation 
approach to jointly specify forecasted expected 
values and weights. Following Nerlove, ex- 
pected values, E{Z) were calculated with esti- 
mated coefficients of expectations (b,) from 
supply response models: 


(3) EZ) ae b,Z,-) T (1 E b,) Z1-2 
+(1~-bYZ,3+.... 


Because supply response models including risk 
variables (Just) were unavailable, separate 
weights could not be used on expected values 
and risk indices. Thus, b, coefficients were also 
used as estimates of w,. Published estimates of 
b, were adapted for this research. The average 
of estimates for coefficients of expectation (0.21) 
for similar crops in the Willamette Valley (Ryan, 
Conklin, and Edwards) were used for grass seed 
crops. Similar models were unavailable for grains 
in Oregon or the Pacific Northwest. Therefore, 
a value of 0.77 from a national model for this 
period (Lidman and Bawden) was used for grains 
because similar models were unavailable for Or- 
egon or the Pacific Northwest. Minor adjust- 
ments were made in the geometric patterns of 
weights to account for data availability and to 
insure that they summed to one (table 1). A sim- 
ple average of the two weights was used to es- 
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Table 1. Weightings Used for Expected 
Values of Crop Gross Incomes and Mean 
Forecast Errors 





Grass Grass- 
Seed Grain Grain 

Year Crops Crops Covariance 
l 0.232 0.75 0.491 
2 0.183 0.20 0.192 
3 0.145 0.05 0.097 
4 0.114 0.057 
3 0.090 0.045 
6 0.071 0.036 
7 0.056 0.028 
8 0.045 0.022 
9 0.035 0.018 
10 0.028 0.014 


timate covariances between grass seeds and 
grains.” 

Separate variance-covariance matrices for crop 
gross incomes were calculated for 1974 and 1975. 
These estimated risk matrices were appropriate 
for the 1974 and 1975 planting expectations, re- 
spectively. Estimates of VAR, for both crop 
portfolios were then formed with individual pro- 
ducer crop acreages and the estimated risk ma- 
trices. 

These variances of gross farm income were 
used to test the behaviorial implications of pros- 
pect theory arising from wealth changes. Fore- 
casted gross income variance for 1974 crop se- 
lection was the behaviorial measure prior to the 
wealth change; this same variance for 1975 crop 
selection was used for subsequent behavior 
measurement. Changes in variance (A, = VARjo7s 
— VARjo74) were negative for twenty-eight of the 
thirty-seven observations. The large increase in 
realized grain prices in 1973 resulted in a large 
forecast error which was weighted by 0.75 in 
1974. Grain prices stabilized in 1974 so the most 
recent forecast error was much smaller for 1975, 
and VAR 975 was smaller than VAR 974 for many 
producers. With such a large proportion nega- 


? A potential weakness of this method of forming £,(Z) and w, 
is the fundamental identification problem between adaptive expec- 
tations and partial adjustment models. Nerlove recognized this 
problem, and Doran recently provided some statistical methods to 
test for these alternative explanations in an estimation context. Ob- 
viously, the differential length of weights in table 1 could be con- 
sistent with partial adjustment behavior of annual versus perennial 
crops. With that interpretation, these weights are inappropriate for 
estimating statistical moments. On the other hand, it is plausible 
that a longer time period would be used in forming expectations 
on perennials simply because of their longer future production po- 
tential. Therefore, these estimates were assumed to reflect adaptive 
expectations so that an empirical source of w, was available. 
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tive, a chi-square test with A, would not be 
meaningful. Therefore, risk in cropping re- 
sponses was evaluated with Spearman’s rank 
correlation coefficients (p,) between A, and other 
variables. Student’s t-tests were used to test Hy: 
ps = 0 against H,: p, > 0 (Siegal). 

Correlation analyses were also used to relate 
estimated gross income to A,. A large number 
of the sample reported the same gross increase 
in 1973 and 1974 so that A, had a concentration 
of zeroes. Estimated gross incomes realized in 
1973 and 1974 were therefore substituted for 
sample estimates. Changes in estimated gross in- 
come (4g = 1974 gross income—1973 gross 
income) and percentage change in estimated 
gross income between 1973 and 1974 (As) were 
calculated with realized county average gross 
income per acre and sample crop acreages. Be- 
cause prior losses in wealth are hypothesized to 
lead to increasing risky behavior, a negative re- 
lationship is expected between Ay and Ag or %Ag. 
In the correlation analysis, ~A,g and —%Ag were 
used so that hypothesized coefficients would be 
positive. 


Results 


Tabulations of risk preference classifications for 
the 1974 and 1975 surveys are reported in table 
2. These data demonstrate the instability be- 
tween the two samples reported in Whittaker and 
Winter. The only stability was in total numbers 
in the risk-preferring category—eleven in 1974 
and twelve in 1975. Especially surprising is the 
small number of producers with the same clas- 
sification in both years, only nine out of thirty- 
seven. Not surprisingly, X74) = 4.09 so that the 
hypothesis that the samples are independent 
cannot be rejected. 

The relationship of A, to A; is presented in 
table 3. More than 40% of the sample reported 
the same gross income. Both the same and more 


Table 2. Classification of Risk Preferences, 
Oregon Grass Seed Producers, 1974 and 1975 


1975 Classification 


1974 PE EN NEEE ee 

Category Classification Preferring Neutral Averse 

aon naan (Number) --------------------- 
Preferring li | ae 8 2 
Neutral 14 6 6 2 
Averse 12 5 3 2 
Totals 37 12 19 6 
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Table 3. Changes in Gross Farm Income and 
Risk Preferences for Oregon Grass Seed Pro- 
ducers, 1974 to 1975 


Absolute 

Risk-Averse 

Coefficient Gross Income Change (A,) 

Change (áp) Less Same More Total 

Risk seeker 5 7 4 16 

Risk avoider” i 7 4 12 

Same 0 2 7 9 
Total 6 16 15 37 


* Coefficient changes of: (a) positive to zero or negative, and (b) 
zero to negative. 
> Coefficient changes of: (a) negative to zero or positive, and (b) 
zero to positive. 


income categories had equal numbers moving 
toward risk-seeking and risk-avoiding prefer- 
ences. The ambiguity in the more income cat- 
egory is related to an unknown pattern of adapt- 
ing their reference point to increases of wealth. 
Isen, Nygren, and Ashley also had ambiguous 
results for income gains. Individuals with less 
gross farm income and consequently smaller 
wealth likely would not have adapted their P, 
and, thus, evaluate gains as V(Y, + x;) in figure 
1. While the numbers are small, five out of six 
changed to a more risk-seeking classification. 
This finding is consistent with the implications 
of prospect theory. The chi-square test of in- 
dependence supported this interpretation: Xy = 
9.89 so that the null hypothesis of no associa- 
tion can be rejected at the 5% level of signifi- 
cance. Correlation analysis of Ag with Ap and 
Ay is reported in table 4. The sample correlation 
coefficient between —Ag and Ay equaled 0.30. 
With tgs) = 1.88, 6, supports H, of p, > O at 


Table 4. Spearman’s Rank Correlation 
Matrix of Behavioral Relationships Related 
to Prospect Theory 





Percentage Change in Change in 
Change Change Absolute Variance 
in Gross in Gross Risk of Gross 
Income Income Aversion Income 
(—Ag) (-%Ag) (~Ar) (A,) 
=A 0. 12 0.30 
(0.50)* (1.88) 
—- As 0.26 0.33 
(1.60) (2.07) 
— Ar —0.06 
(—0.36) 





* Student’s t-statistics in parentheses. 


434 May 1991 


the 5% level of significance. In addition, Ay and 
— Ag had a f, of 0.33, with a tgs, = 2.072. 
With this statistic, Hp can be rejected at the 2.5% 
level. These tests showed that estimated gross 
income declines were correlated with increases 
in risk-seeking behavior. 

The p, value between — Ag and —A z was only 
0.12 and between —%A, and —Ap, was 0.26. 
The signs of these statistics are consistent with 
the chi-square analysis which showed reduction 
in gross income leading to risk-seeking prefer- 
ences. The latter was significant at the 10% level, 
which confirms the potential empirical rele- 
vance of %Ag, rather than Ag. Perhaps, small 
relative changes in wealth, which could have a 
large absolute value for large farms, are sim- 
plified to zero in the editing stage. The A, be- 
tween —A, and Ay is quite small and insignifi- 
cant. Ap likely had more measurement error than 

G" 

The significant relationships between —Ag and 
Ay, and —%Ag and A, support the prediction of 
prospect theory used in this study that declines 
in wealth can result in increasingly risky behav- 
ior. This relationship does not necessarily imply 
that the sample tended to become risk seekers 
with declines in wealth but only that absolute 
risk aversion coefficients decreased as wealth 
decreased. 


Conclusions 


This paper reinterpreted the historical studies of 
risk preferences of grass seed producers in the 
Willamette Valley of Oregon from the perspec- 
tive of prospect theory. Prospect theory was used 
to explain intertemporal instability of risk pref- 
erences through an assumption of a failure to 
incorporate prior changes in wealth into a de- 
cision maker’s reference point for evaluation for 
outcome gains and losses. By using this as- 
sumption within the framework of prospect the- 
ory, changes in Pratt absolute risk aversion 
coefficients were significantly related to re- 
ported prior gross income changes in a manner 
consistent with prospect theory. In addition, a 
significant relationship was found between risk 
behavior as predicted by prospect theory and 
wealth changes measured with changes in gross 
income estimated from reported crop acreages. 

This analysis is subject to numerous empirical 
limitations. Besides the well-known measure- 
ment errors in methods to estimate risk prefer- 
ences and objective probability distributions, as- 
sumptions were included on measuring risk with 
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variances, using gross farm income as a wealth 
change measure, and only using the field crops 
to calculate gross farm income. Given these 
problems, the evidence supporting prospect the- 
ory is especially noteworthy. However, the re- 
sults are not supportive of elicitation of risk 
preferences. Absolute risk aversion coefficients 
from elicited data did not predict risky behavior 
as well as changes in income. 

This historical evidence supports further study 
of the application of prospect theory in farm 
management and finance. For example, the the- 
ory is an alternative to other explanations of be- 
havior related to the recent farm financial stress 
problems such as Robison, Barry, and Bur- 
ghardt and Featherstone et al. Prospect theory 
would predict that farmers in a loss situation 
would assume riskier managerial position. If fi- 
nancial risk increases due to accumulated un- 
paid debt, business risk would not be reduced, 
and may be increased. This pattern would sug- 
gest that farmers as a whole would have risk- 
preferring preferences consistent with a wors- 
ening loss situation. Future applications of pros- 
pect theory would require additional refinement 
of the relationships between prospect theory and 
the measures used in this paper. More impor- 
tant, such work should emphasize (a) direct be- 
havioral linkages with changes in income and 
(b) the research and extension implications of 
this theoretical relationship. 


[Received May 1989; final revision received 
July 1990.] 
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Robustness of the Mean-Variance 
Model with Truncated Probability 


Distributions 


Steven D. Hanson and George W. Ladd 


The known sufficient conditions for the mean-variance framework to produce expected 
utility results are violated in the presence of truncated probability distributions. A 
theoretical simulation is conducted to examine the ability cf the linear mean-variance 
model to approximate expected utility results when the income distribution is truncated 
by the use of commodity option contracts. The mean-variance model is shown to 
produce solutions that are close approximations to the expected utility model results 
under the assumptions of constant absolute risk aversion and normally distributed prices. 
However, some inconsistency was found between the comparative static results of the 


two models. 


Key words: futures, mean-variance, options, risk management. 


The mean-variance (MV) framework has been a 
popular method for ordering choices into effi- 
cient and inefficient sets since its development 
by Markowitz. The problem of portfolio selec- 
tion is reduced to choosing from a set of alter- 
natives that provide minimum variance for given 
levels of expected return (i.e., the MV efficient 
set). The MV framework has been used to study 
a wide range of economic decisions made under 
risk such as the allocation of fixed assets in the 
presence of uncertain production processes 
(Freund), the demand for money (Tobin), and 
corporate financial decisions (Rubenstein). For 
a review of applications of mean-variance anal- 
ysis in agricultural economics, see Robison and 
Brake; and Musser, Mapp, and Barry. Much of 
the previous research on risk management with 
futures contracts has employed the MV frame- 
work (e.g., see Anderson and Danthine, Kahl). 
Recently, commodity options contracts have be- 
come available as a risk management tool. Wolf 
has incorporated options contracts into an MV 
framework. 
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The inclusion of options in a decision maker’s 
(DM’s) portfolio results in truncated probability 
distributions that violate the standard assump- 
tions used to justify the use of an MV represen- 
tation of expected utility. Indeed, a variety of 
risky decision problems can be characterized by 
truncated probability distributions: bankruptcy, 
starvation, insurance schemes, limited liability, 
and price support and deficiency payment pro- 
grams. This study examines the approximating 
ability of the standard linear MV model when 
the income probability distribution is truncated 
by the use of commodity options; it examines 
the robustness of the linear MV model to a vi- 
olation of MV assumptions. 


The Mean-Variance Model 


The MV framework focuses on the first two mo- 
ments of the underlying probability distribution. 
Its popularity can be traced to the tractable the- 
oretical results it produces and to its computa- 
tional convenience. Unfortunately, its straight- 
forward nature results from some restrictive 
assumptions that are violated when options are 
included in a portfolio. 

Specifying an expected utility function in terms 
of the first two moments of the underlying at- 
tribute’s distribution has been shown to be con- 
sistent with the expected utility hypothesis only 
if at least one of the following sufficient con- 
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ditions is met: (a) the DM’s utility function is 
quadratic (Tobin), (b) the DM has a concave 
utility function, and the random attribute is nor- 
mally distributed (Samuelson), (c) the random 
attribute is a monotonic linear function of a sin- 
gle random variable (Meyer); sometimes re- 
ferred to as the location-scale condition. Be- 
cause these are only sufficient conditions, the 
MV framework may be consistent with the ex- 
pected utility (EU) hypothesis under other con- 
ditions. 

These sufficient conditions are often argued 
to be either violated or unacceptable. Baron 
shows that quadratic utility is a necessary and 
sufficient condition for MV representation of 
expected utility to be valid when the random 
variables are not restricted. Unfortunately, qua- 
dratic utility usually is viewed as an unaccept- 
able preference function because it implies in- 
creasing absolute risk aversion and produces 
negative marginal utility as income rises above 
some given level. 

Some have justified the use of the MV frame- 
work by assuming that condition (b) is satisfied 
(e.g., Anderson and Danthine). Others have 
criticized this assumption because few random 
variables take on values from negative to posi- 
tive infinity and are symmetrically distributed, 
as is implied by the normality assumption. 

Many utility functions are concave functions 
of income and can be used with a normally dis- 
tributed income variable to yield an MV rep- 
resentation of the expected utility function. Only 
the negative exponential utility function, U(y) 
= a — exp (—Ay), where a > 0, in conjunction 
with a normally distributed attribute, y, will re- 
sult in an expected utility function identical to 
the “standard” linear MV model, which is typ- 
ically specified as’ 


(1) Max U = p, — (4/2) oè, 


where u, is expected value of end-of-period in- 
come, A is the Arrow-Pratt measure of absolute 
risk aversion, ø% is variance of end-of-period in- 
come, and x is a vector of choice variables. The 
negative exponential utility function implies that 
the DM exhibits constant absolute risk aversion 
(CARA) and increasing relative risk aversion. 
The literature on risk preference characteristics 


' Robison and Barry formulate a linear MV model by claiming 
that A is the slope of a linear tangent at equilibrium to the isoutility 
line and its MV-efficient set. The assumptions of constant, increas- 
ing, and decreasing absolute risk aversion are then introduced through 
slope changes. 
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is somewhat inconclusive, although there is some 
evidence that decision makers exhibit decreas- 
ing absolute risk aversion (King and Robison). 
Regardless, most studies have been willing to 
accept the assumption of CARA to obtain the 
desirable properties of the standard MV model, 
although not all studies employing MV have used 
the negative exponential function. 

Meyer and Robison have used condition (c) 
to justify the MV framework. Meyer has shown 
that the MV and EU frameworks are consistent 
regardless of the distribution of the random vari- 
able whenever a random outcome variable is a 
monotonic linear function of a single underlying 


random variable. Current work by Nelson is at- 


tempting to generalize Meyer’s results to a class 
of models containing multivariate risks which 
are elliptically symmetric. | 

Some risky decision-making environments vi- 
olate the known sufficient conditions for con- 
sistency. Newbery and Stiglitz recognize that risk 
is not symmetric for some decisions such as in- 
surance schemes, and MV analysis may be se- 
riously misleading for those decisions. One im- 
plication is that the MV framework may produce 
significant errors when the income distribution 
is truncated in the tails. . 

Much of the debate involving MV and EU 
models has focused on the approximating ability 
of the MV model. Levy and Markowitz show 
that the MV model provides reasonable approx- 
imations to EU maximization when the oppor- 
tunity set contains a low probability of extreme 
outcomes. Tsiang shows that an MV framework 
approximates the EU maximization model when 
certain restrictions are placed on the skewness 
of the income distribution. Meyer and Rache 
show that, with “few enough” observations, there 
is no Statistically significant difference between 
MV and EU rankings because the random al- 
ternatives are estimated imprecisely. Porter shows 
that MV sets of randomly constructed stock 
portfolios are consistent with EU models, ex- 
cept for portfolios having small means and vari- 
ances. Tew and Reid explore the performance 
of the MV framework using firm specific, non- 
tradable investments for a representative farm in 
Georgia. Their results indicate the MV frame- 
work performs well in selecting investments that 
maximize expected utility. Robison and Barry 
argue for the use of the MV model on the basis 
of its ability to produce useful analytical results 
when more general models become too com- 
plex. Thus, there is some support, both empir- 
ical and deductive, for use of the MV frame- 
work even when its sufficient conditions are 
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violated. In what follows, we show that con- 
ditions (b) and (c) are violated when the income 
distribution is truncated by including options in 
a portfolio. Then we examine the robustness of 
the linear MV model in the presence of trun- 
cated probability distributions for a DM with 
constant absolute risk aversion. 


Income Probability Distribution with 
Commodity Options 


To derive the distribution of income when op- 
tions are available, assume that the DM has the 
amount Q of a single asset that may be sold at 
a specified future date in the cash market for 
some unknown spot price, P, or in the futures 
market for a certain price, P, or the DM may 
purchase the option to sell the output for a cer- 
tain price, P,. The output Q may be divided 
among the three markets in any way. The DM 
may sell a total amount in the cash, futures, and 
options markets that is greater than Q, may go 
Jong in the futures market, or write put options 
instead of selling them. There are assumed to 
be no transaction costs, basis uncertainty, or 
margin calls. 

The only uncertainty faced by the DM is the 
output price P, and the DM can reduce uncer- 
tainty by marketing output in the futures or the 
options market. The DM’s choice variables are 
the amounts marketed in the futures and options 
markets. The model is single period in nature 
and assumes that the initial positions are main- 
tained until the end of the period at which time 
all cash, futures, and options transactions will 
take place. The quantity of output to be sold, 
the futures contract selling price, the exercise 
price, and the put option premium are known, 
exogenous variables to the DM. The DM’s end- 
of-period income can be represented as equation 


(2):? 


(2) 
y(P) = PQ + x(P, — P) + Iz(P, — P) — zk, 


where y(P) is total end-of-period income, P is 
random end-of-period spot price, P, is localized 
futures price for end-of-period delivery, Q is 
certain end-of-period output level, J is an indi- 
cator variable (= 1 if P < P,, or = 0 if P= 


* Commodity options currently traded on the organized ex- 
changes are options on commodity futures contracts. The income 
function in equation (2) treats the options as options on the spot 
commod:ty. The assumption of a certain basis level results in 
equivalence between the two types of options. That is, if the basis 
is known with certainty, then an option on a futures contract is 
equivalent to an option on the underlying spot commodity. 
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Pa), Pa is localized exercise price of a put op- 
tion, k is put option premium per bushel, x is 
the number of bushels of futures contracts, z is 
the number of bushels of put option contracts. 

Expression (2) is derived from two distinct in- 
come functions: 


(3) yP)= PQ + xP; - P) 
FAP Powe. WP 


(4) ypP)=PQO+xP;-P)-—zkK fP=P, 


by introducing the indicator variable J. It is clear 
from these expressions that sufficient condition 
(c) for adequacy of the standard MV framework 
is violated in the presence of options. For ex- 
ample, if Q — x > Qand Q —x-—z <0, then 
dy/dP < 0 for all P < P, and ðy/ðP = 0 for 
all P = P,. Income is not a monotonic trans- 
formation of price; it may be a negative or a 
positive transformation, which violates condi- 
tion (c).° 

The DM is assumed to believe that output price 
is normally distributed with a known mean pp 
and variance a}. Because P is normally distrib- 
uted and y(P) is a linear function of P, if P < 
P, the unconditional mean and variance of in- 
come are [from (3)] 


Hy = (Q — x — Z)up + xP, + 2(P, — k), 
T = (Q — x — zp. 


If P = Pa, y(P) is normally distributed with un- 
conditicnal mean and variance py, and o [from 


(4)], 

Myo = (Q — x)pp + xP; — zk, 

oh = (Q — xY'o>. 
Define y(P,) as the value of y(P) from (3) or 
from (4) with P = P,. The income density func- 
tion corresponding to equation (2) can be shown 
to be 


(5) wy) =f, expl- - By) [2051] 
[ay V 2a + 12 exp [—-(y — by)” 
/ 20791 /0y2 Vr, 


if(Q == ao, 


where 
l = 1 for y < yP 
or for 
y = ylP.) 
= Q otherwise; 


if(Q -x-z)=0, 


3 Sufficient condition (c) is violated when options are included 
in a portfolio. However, as Meyer points out, it may be difficult 
to reject the null hypothesis that sufficient condition (c) holds when 
using empirical data. 

4 The derivation is presented by Hanson. 
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l, = 1 for y = y(P.) if (Q -x)= 0, 
or for 
y<yP.,) if(@-x) <0, 
= 0 otherwise. 


The first term of (5) corresponds to equation 
(3); the second, to equation (4). This distribu- 
tion is the sum of two truncated normal distri- 
butions, for which the mean, variance, and 
bounds of integration depend on pp, o>, Pp Pes 
k, O and the DM’s choices of x and z. The dis- 
tribution represented by equation (5) can take on 
a variety of forms dependent on the DM’s po- 
sitions in the futures and options markets. It is 
clear from (5) that sufficient condition (b) is vi- 
olated because the income distribution is not 
normal when the DM takes a position in the op- 
tions market. Thus, sufficient conditions (b) and 
(c) for the standard MV model to produce re- 
sults that are consistent with expected utility 
maximization are violated when options con- 
tracts are available, and an alternative frame- 
work is needed. 


Expected Utility Maximization 


If the DM is assumed to maximize expected 
utility and faces the income function and con- 
ditions indicated by equation (2), then the DM 
chooses futures and options positions to satisfy 
equation (6): 


(6) MAX U = | U(y)w(y)dy, 


Xz 


where U is the DM’s expected utility given the 
choice of x and z; U(y) is the DM’s utility func- 
tion, assumed to exhibit CARA; and w(y) is the 
income distribution specified by equation (5). 
Solving equation (6) yields the optimal futures 
and options positions, x* and z*. Because equa- 
tion (6) has no explicit algebraic solutions when 
the DM uses options, solution techniques in- 
volving numerical integration and optimization 
are required. 


Optimal Hedging in a Mean-Variance 
Framework 


Expression (5) shows that the assumptions un- 
derlying the linear MV model are violated when 
options are held by the DM. The linear MV 
model may, however, produce acceptable quan- 
titative results or useful insights into the impacts 


The Mean-Variance Model 439 


of options on optimal market positions. To in- 
vestigate this possibility, this section extends the 
linear MV model to include options. 

Three different MV models are used to study 
the optimal market positions under various sit- 
uations. Model 1 presents the standard result for 
a DM who uses only the cash and futures mar- 
kets and corresponds to the use of a security 
which does not truncate the income distribu- 
tion.” Model 2 includes the cash and options 
market and corresponds to the use of a security 
which truncates the income distribution. Model 
3 includes the cash, futures and options markets 
and corresponds to the use of a security which 
truncates the income distribution and a security 
that does not truncate the income distribution. 
Model 1 contains no truncation problem but 
models 2 and 3 do.° Each model is solved using 
(1), and implications of the solutions are dis- 
cussed. As will be seen later, despite the vio- 
lation of the sufficient conditions for MV con- 
sistency with EU, the model does provide useful 
insights into the numerically generated EU re- 
sults. 

These models use the following additional 
definitions: T is localized value of the option at 
the end of the period = max [0, P, — P]; py is 
expected value of the option; a; is variance of 
the value of the option; Gp r is covariance be- 
tween the value of the option and the spot price. 


Model I: Cash and Futures with Certain 
Output (CF) 


Model 1 examines the optimal hedge in a fu- 
tures market for a DM having a fixed end-of- 
period output level, The end-of-period income 
function is 


(7) y = PQ + xP; — P). 


Solving (1) subject to (7) yields (8) as the op- 
timal futures position 


(8) orh -a 
AO; 

It is useful to discuss the results in each MV 
model in terms of the hedging and speculative 
components. The first term in the solution (8) 
is the hedging component; it is simply the fu- 
tures position that minimizes the variance of end- 
of-period income. The second term is the spec- 


` These results have been reported in previous work: for exam- 
ple, see Anderson and Danthine. 
é Models 2 and 3 are derived in Hanson. 
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ulative component; it is the futures position that 
results if the DM does not have any cash posi- 
tion and obtains his entire end-of-period income 
from the futures market. If the futures market is 
considered unbiased (i.e., Py = 4p), then the 
speculative component disappears, and the op- 
timal futures position is the traditional hedge 
where the futures position is equal and opposite 
the cash position. However, if the DM believes 
the futures market is biased, then the DM be- 
lieves that, on average, profits can be made by 
speculating in the futures market. The futures 
position is altered by the amount of believed bias 
adjusted by the level of risk aversion and price 
variability. Increases in risk aversion lead to 
smaller speculative positions. If a DM is infi- 
nitely risk averse, the speculative component is 
zero, and the futures position equals the tradi- 
tional hedge. 


Model 2: Cash and Options with Certain 
Output (CO) 


Model 2 examines the options market position. 
End-of-period income consists of revenue from 
the cash and options markets less the cost of 
purchasing options. The income function can be 
written as 


(9) y= PQ + zT — zk, 

where both P and T are random variables. 
Choosing z to maximize (1) subject to (9) yields 
(ur — k) 


. Qo, 7 


10 
e ot. Ao? 


The first and second terms represent hedging and 
speculative components analogous to model 1. 
It can be shown that the absolute value of the 
ratio op,/o7 will always be greater than one. 
This implies that in the absence of any specu- 
lative position, the DM will always overhedge 
in the options market. The result occurs because 
the overhedge position in the options market 
minimizes the variance of end-of-period in- 
come. The speculative component will modify 
the optimal market position in a manner anal- 
ogous to model 1. 


Mode! 3: Cash, Futures, and Options with 
Certain Output (CFO) 


Mode] 3 considers a DM who is able to use fu- 
tures and options contracts. Income now in- 
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cludes revenue from the cash, futures, and op- 
tions markets, and the cost of purchasing options, 
and can be expressed as 


(11) 


Maximizing (1) subject to (11) yields the op- 
timal market positions in the futures and options 
markets: 


y = PQ + x(P;— P) + zT — zk. 


(Py — Hpo? + (ur — K)O,,r 


2 2 2 , 
A(O; r — 070p) 


(12) *£=Q- 


Sa (P; > [pO 7 + (ptr — kbo; 
A(o%.r —_ 707) 

The optimal futures market position consists of 
a hedging and speculative component, and the 
optimal options market position simply consists 
of a speculative component. In the absence of 
any speculative positions, the optimal market 
positions become the traditional hedge in the fu- 
tures market and no position in the options mar- 
ket. The DM is acting to minimize variance of 
the end-of-period income, which can be com- 
pletely eliminated by taking the traditional hedge 
in the futures market. If either the futures mar- 
ket or options market is perceived to be biased, 
then the speculative components adjust the fu- 
tures and options positions accordingly. 


Opportunity Cost of MV Solution 


The opportunity cost to the DM of using the MV 
market position instead of the EU position is the 
amount of additional income that must be given 
to the DM to provide the same level of expected 
utility as would be provided by using the EU 
market position. This money value, which we 
denote by V, is obtained by solving equation (13) 
for V. 


(13) EUOG, 2) + V) = EU(yQ*, z*)), 


where £ and Z are the MV market positions and 
x* and z* are the EU market positions. 

Three dimensions of the MV and EU solu- 
tions are compared: (a) value of V, (b) corre- 
lation between x* and £, and (c) correlation be- 
tween z* and 2. For the DM studied here, the 
value of V is the only relevant measure of good- 
ness of fit of MV to EU solutions. Large vari- 
ations in options and futures positions are eco- 
nomically important only if they affect E(U ). It 
is possible that wide differences in the values of 
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the decision variables between the MV and EU 
frameworks do not make much difference in the 
level of the DM’s expected utility. 


Experimental Design 


Equations (5) and (6) were used to derive op- 
timal futures and options positions of a repre- 
sentative midwestern soybean producer who ex- 
hibits constant absolute risk aversion (CARA) 
subject to the preceding assumptions. These EU 
solutions were compared with corresponding MV 
solutions from (1). We could solve (6) for his- 
torical values of the market factors. But because 
commodity options have existed for a short time, 
this would provide a small sample of results. 
Consequently, we elected to solve (6) for a sim- 
ulated set of market factors. To efficiently ex- 
tract information from a given set of market fac- 
tors, the factors were organized in a modified 
factorial design. 

Values of the market factors were selected to 
represent conditions in midwestern soybean 
markets. The exogenous factors of the model 
were specified in terms of the levels of four 
“market factors,” amount of output, and the level 
of risk aversion exhibited by the producer. The 
four market factors are: o7, the variance of the 
soybean cash price; B; = P; — Hp, the perceived 
expected bias in the futures market; B, = EJP., 
~ PIP < P,] — K, the perceived expected bias 
in the options market; and Em = Pe — Hp, the 
difference between the exercise price and the 
expected soybean cash price. Setting the exog- 
enous factors of the model—o%, Hp, Pe, Pp, and 
k—in relation to these market factors ensured 
that various combinations of variable values in 
the design did not result in unrealistic specifi- 
cations of market behavior. 

The variance of average deflated November 
spot prices received by Iowa soybean producers 
during 1976—86 was $1.08. We assigned values 
of o% ranging from $0.50 to $1.50. From stud- 
ies of pricing in futures markets (Gray; Just and 
Rausser; Conorella and Pollard; Telser; Cootner 
1977a, b) and in options markets (Tucker, 
Whaley, Jordan et al., Luft and Fielitz), we 
conclude that, if any bias does exist in either 
futures or options markets, it is small and short- 
lived. The extreme values of each bias were set 
at +$.04. The extreme values of the difference 
between the exercise price and the expected spot 
price were set at +$0.10. 

The assigned values of the market factors and 
of Q and A were used in a central composite 
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experimental design (Khuri and Cornell). A fac- 
torial design is one in which all values of a given 
factor are combined with all levels of every other 
factor in the data set. A central composite de- 
sign consists of a full factorial design for two 
levels of variable values called the upper and 
lower factorial levels and additional selected 
combinations of variable values around the two- 
level factorial design called the center and axial 
points. The intent of the central composite de- 
sign is to capture much of the information of a 
full factorial design that uses more than two lev- 
els of each variable without the data require- 
ments of a full three-level, or higher, factorial 
design. Table 1 presents the levels of the factors 
used in the design. The levels in this table were 
used in 77 different combinations to form a cen- 
tral composite design of n = 77 points. 

To solve (6) we then applied MINTDF nu- 
merical integration (Kaylen and Preckel) and 
GQOPT/PC (Quandt and Goldfeld) numerical 
optimization to each combination of variable 
values to find the optimal futures and options 
positions, x* and z*. 


Comparison of MV and EU Results 


The MV results from (1) and the EU results from 
(6) were found for each combination of vari- 
ables in the central composite design subject to 
the income functions in (7), (9), and (11). Thus, 
the MV solution could be directly compared to 
the EU solution for each model. The general be- 
havioral characteristics of the EU results cor- 
respond to the economic behavior described by 
the MV model in the previous section. As the 
MV suggested, the EU maximizer hedges to re- 
duce income variability and speculates accord- 
ing to any believed bias in the commodity mar- 
kets adjusted by risk aversion and income 
variability. 

The MV and EU results were identical for the 
CF model because the necessary and sufficient 
condition is met, which causes the linear MV 
model to produce the EU maximizing solution. 
As expected, the CO and CFO results for the 
MV model were different from those for the EU 
model because of the violation of sufficient con- 
ditions for equivalence between the MV and EU 
models. However, visual examination of the re- 
sults of the MV and EU models suggests that 
the MV model does approximate the EU results. 
The twelve tabular pages of MV and EU solu- 
tions are not presented here but are available from 
the authors. 
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Table 1. Observation Levels in the Central Composite Design 





Levels E,, g? 
ae emcee nent nanm ($) --- 

Upper axial 0.10 1.50 

Upper factorial 0.05 1.25 

Center point 0.00 1.00 

Lower factorial —0.05 0.75 

Lower axial —0.10 0.50 

Cash and Options 


Results for the CO model are summarized in ta- 
bles 2 and 3 and in the regression 


z* = 1,602 + 0.874 2 + e, 
(313) (0.015) 


where ?? = 0.978, the standard deviation of e 
= 847 bushels, and the values in parentheses are 
the standard errors of the estimated coefficients. 
The standard deviation of the errors amounted 
to only 17% of the smallest value of Q included 
in the experiment. An F-test rejected the null 
hypothesis that the intercept equalled zero and 
the slope equalled one at the 1% level. All val- 
ues of 2 and z* were positive. 

Table 2 contains the frequency distribution of 


Table 2. Distribution of Relative Absolute 
Differences Between EU and MV Options Po- 
sitions 





aa Frequency 

elative 

Absolute Co CFO 
Difference’ Options Futures Options 
(%) 

0-5 8 47 41 
5—10 14 15 11 
10-15 22 9 10 
15—20 7 4 6 
20-25 4 2 5 
25-30 4 0 2 
30-35 0 0 2 
35-40 3 0 0 
40-45 2 0 0 
45-50 0 0 0 
50-55 4 0 0 
55-60 4 0 0 
60--65 3 0 0 
65—70 2 0 Q 
70 and up 0 0 0 


* 100jz* — 2|/5,000 and 100|x* — x|/5,000. These are absolute 
differences expressed as percentages of number of bushels in a fu- 
tures or options contract. 


Factors 

B; Bo Q A 
nnn ne en nm (bu.) 

0.04 0.04 25,000 0.00045 

0.02 0.62 20,000 0.060035 

9.00 9.00 15.000 0.00025 
-0.02 —0.02 10,000 0.00015 
-D04 —0.04 5,000 0.00005 


Tabie 3. Frequency Distribution of the Op- 
portunity Cost of MV Market Positions 





Vihu Frequency 

V CO Model CFO Model 
($) 

9-27 13 41 
2—4 13 10 
46 4 6 
6-8 4 8 
8-10 ] 5 
10-12 3 0 
12-14 2 4 
14—16 l 1 
16-18 2 2 
18-20 6 0 
20-100 12 0 
130-200 8 0 
200—300 6 0 
300—350 2 0 
Mean $54.66 $3.80 
Median $12.94 $1.50 
Mode $ 3.50 $0.50 


* Includes lower limit and excludes upper limit on range. 


the relative absolute differences (RADs) be- 
tween the EU and MV market positions: i.e., 
the absolute differences divided by 5,000 bush- 
els, the size of a standard futures or options con- 
tract. The majority of the observations (57%) 
have a RAD of less than 15%, while the re- 
maining observations are spread uniformly up to 
a RAD of 70%. The largest error in the MV 
solutions was 3,366 bushels, which amounted to 
14.6% of the EU solution. Table 3 contains the 
frequency distribution of the opportunity costs 
of the MV market positions. The mean is around 
$55 and the median is about $13. The distri- 
bution is skewed with a range of nearly zero to 
$359. The largest concentration of observations 
(64%) is in the $0—$20 range. Of the seventy- 
seven values of V, sixty-eight are less than i¢ 
per bushel of Q. The largest value of V amounts 
of $342, or slightly less than 2¢ per bushel. 
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Cash, Futures, and Options 


Results for the CFO Model are summarized in 
tables 2 and 3 and in the simple regressions: 


z* = 51+ 1.687+ e, 
(23) (0.03) 


where 7° = 0.978, and the standard deviation of 
e = 201 bushels. An F-test rejected the hypoth- 
esis of a zero intercept and a unit slope at the 
1% level. 


x* = —1134+ 1.005£+4 e, 
(153) (0.010) 


where 7” = 0.993, and the standard deviation of 
e = 412 bushels. An F-test failed to reject the 
hypothesis of a zero intercept and a unit slope 
at the 40% level. The standard deviations of the 
errors in these two equations are less than 10% 
of the smallest value of Q included in the ex- 
periment. Some values of 2 and z* are positive, 
and some negative. Every value of z* is less than 
5,000 bushels (one options contract) and only 
eight exceed 2,500 bushels. 

Table 2 shows that all of the RADs in the fu- 
tures positions are less than 25% and 61% have 
a RAD of 5% or less. The RADs of the options 
positions are all less than 35%, and 53% of the 
observations have a RAD of less than 5%. The 
largest errors in £ and Z are 1,159 bushels and 
1,628 bushels, which are 14% and 51% of the 
correct values x* and z*. The futures position 
has a relatively low percentage error because the 
traditional hedge is in the futures market in MV 
and EU models. The entire error in the options 
position is related to the speculative component. 
The resulting speculative error in the futures po- 
sition for this particular observation was 61%. 

Table 3 shows the opportunity cost to the DM 
of using the MV market positions instead of the 
EU positions has a mean of $3.80 and a median 
of $1.50. The distribution is skewed with all ob- 
servations falling in the range $0-$18. The largest 
concentration of observations (53%) is in the $0— 
$2 range. The largest value of V is $16.38, less 
than 0.2¢ per bushel of output. 

Values of V and ĉ are positively correlated, 
as are values of V and A. As the size of the 
options position in the expected utility solution 
increases, the error in the standard MV solution 
goes up, and the value of the EU decision over 
the MV solution also rises. As the options po- 
sition increases, the resulting income distribu- 
tion deviates further from the normal distribu- 
tion assumed by the MV model. Consequently, 
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the MV model results contain more error as the 
income distribution becomes “less normal.” As 
the level of risk aversion rises, any deviation 
from the optimal solution is translated into a 
higher opportunity cost being attached to the MV 
solutions. 


Comparative Statics: MV versus EU 


The previous results show that the MV model 
can be used to produce results that approximate 
the solutions of the EU model. The analytical 
results of the MV model are also useful in pro- 
viding insights into the numerical results gen- 
erated by the EU model. For example, in EU 
solutions to the CO model the optimal options 
position is always greater than the output level. 
Using the analytical result from (10), it is easy 
to show that the variance of end-of-period in- 
come is minimized by taking an options position 
that is greater than the output level. 

One test of the MV model’s analytical use- 
fulness is its ability to produce comparative static 
results consistent with those produced by the EU 
model. The comparative static results can be 
generated for the MV model directly by using 
equations (10) and (12). In some cases, the MV 
model comparative static results cannot be signed 
in general; e.g., dx*/da7 and 4z*/dao* in the CFO 
strategy. However, the comparative static re- 
sults for both the MV and EU models can be 
generated numerically over local regions. Table 
4 presents the local comparative results over the 
region considered in this study. The compara- 
tive static results of the MV model are not al- 
ways consistent with the EU model. In the CO 
strategy, there is some inconsistency between 
signs of ðx*/ðg? and ax*/dA across the various 
combinations of exogenous variables. In the CFO 
strategy there is some inconsistency in the two 
models between 0x*/dE,, and dz*/dE,,. The re- 
maining comparative static results are consistent 
between the two models over the region consid- 
ered. 

The standard linear MV model used in this 
analysis is a special MV model. In general, the 
form of the MV function will not be known. It 
may be that the EU choices would be in the MV 
efficient sets generated by some alternative non- 
linear MV preference functions. In an alterna- 
tive specification of the MV preference func- 
tion, the differences between the two sets of 
results may be even smaller. Relaxing the as- 
sumptions such as CARA, normally distributed 
output price, no transactions costs, no basis un- 
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Table 4. Numerical Comparative Static Results for the MV and EU Models 





CO CFO 
A Options A Futures A Options 
A Factor? MV EU MV EU MV EU 
Special 
Conditions 

AEn > 0 <0 <0 B= By > 0 >0 = 0 <0 <0 
B, = By < 0 <0 = 0 > 0 > 0 

B,> 0, By <0 <0 >0 > 0 <0 

B;< 0, Bo > 0 >0 <0 <0 >0 

åg? > 0 =0 = 0 B,= By > 0 >0 >0 <0 <0 
B,= By <C <0 <0 >0 >0 

B,> 0, By <0 <0 <0 > 0 >0 

B, < 0, By > 0 >0 >0 <0 <0 

ABf > 0 = 0 =0 >0 >0 <0 <0 
AB, > 0 >0 >0 <0 <0 >0 >0 
AQ > 0 sj >1 si =] = 0 = 0 

Special 
Conditions 

AA>0 B>0 <0 <0 B,= By>C >0 >0 <0 <0 
Ba<0 >0 By = Bo <C <0 <0 > 0 >0 
B,>0, By <0 <0 <0 > 0 >0 

B,< 0, By > 0 >0 >0 <0 <0 


* The symbol A is used to represent a change in the indicated variable. 


certainty, and no margin calls may also change 
some of the results. The impact of these as- 
sumptions is left for further study. 


Conclusions and Implications 


This study considered the approximating ability 
of the standard linear MV model for a DM with 
constant absolute risk aversion when the income 
distribution is truncated by the use of commod- 
ity options. The MV model was shown to pro- 
vide analytical results useful in describing the 
general behavioral characteristics of the EU 
model. However, the comparative static results 
of the MV model were not always consistent with 
the comparative static results of the EU model. 
Thus, some care must be taken in interpreting 
the analytical results of the MV model when the 
sufficient conditions for expected utility equiv- 
alence are violated. 

The MV model also produced empirical so- 
lutions that were close approximations of the EU 
model results. The opportunity costs of using 
the mean-variance solutions instead of the EU 
solutions were small. In the situations studied 
here, the payoff for performing the additional 
computations (the numerical integration and nu- 
merical optimization) instead of using the sim- 
pler MV solution is small. The MV model is 
robust to the particular violation of the assump- 


tions that was studied here. These results will 
also be of interest to those concerned with mod- 
eling other decision-making problems under risk 
which are characterized by truncated probability 
distributions. 


[Received August 1989; final revision received 
September 1990.] 
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Evaluating Robust Regression — 
Techniques for Detrending Crop 
Yield Data with Nonnormal Errors 


Scott M. Swinton and Robert P. King 


Although ordinary least squares is not efficient when errors are not distributed normally, 
it generates better crop yield trend coefficient estimates than 3ix alternative robust 
regression methods. This is because of the econometric properties of an uninterrupted 
series independent variable as well as the level of skewness typical of corr yields. The 
evaluation covers actual farm-level corn yield series as well as a set of “ccntaminated” 
data series and one thousand sets of Monte Carlo yield series. Where an irfluential end- 
of-series outlier is suspected, the DFBETAS regression diagnostic statistic is 


recommended. 


Key words: detrending, regression diagnostics, robust estimation, yield distributions. 


When detrending farm-level crop yield time-se- 
ries data, a series-end observation which lies far 
from the regression trend can exert undue influ- 
ence on the trend coefficient. Until recently, the 
standard solution was to omit such an outlier from 
the data series. Now, however, a growing num- 
ber of robust regression techniques make it pos- 
sible to weight observations automatically so that 
outliers have reduced influence or none at all. 
This paper demonstrates that ordinary least 
squares (OLS) regression remains the preferred 
means of detrending time-series corn yield data 
when compared with a set of robust regression 
(RR) techniques. Conclusions are drawn from 
comparisons using (a) three sets of farm-level 
com yields, (b) varying lengths of corn yield 
time series with an artificial series-end outlier, 
and (c) one thousand sets of randomly generated 
artificial corn yield data in time series of ten to 
twenty-five periods. 

Crop yield time-series data are detrended in 
order to “remove” technology bias from esti- 
mates of the underlying probability distribution. 
Among other purposes, crop yield distributions 
are used in evaluating alternative crop plans and 
in analyses of crop insurance decisions. For 
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practical purposes, such distributions should be 
estimated by a method that (a) is simple, un- 
biased, anc reasonably efficient, (b) requires only 
yield and -ime data, and (c) can accommodate 
short data series. 

Detrend_ng is generally accomplished by re- 
gressing cbserved values of the yield random 
variable o1 some measure of time using least 
squares methods. This approach yields maxi- 
mum likeLhood estimates under the assumption 
that the regression residuals are normally dis- 
tributed. While this assumption may be suitable 
for some Durposes, empirical tests have found 
that it often fails to hold for agronomic and farm- 
level crop yield data (Day, Nelson and Preckel). 
The negative skewness typical of corn yield 
probabilit* density functions (pdf) implies that 
low extreme values are more likely to occur than 
if the pdf were normal. For example, a low, end- 
of-series outlier occurred in the Midwest in 1988 
as a result of drought. 

By down-weighting outlier observations, RR 
techniques may generate more efficient trend 
coefficien: estimates when the data are not nor- 
mally distributed. Such methods have been dis- 
cussed extensively in the statistics literature dur- 
ing the fast twenty years and are becoming 
increasingly available to applied economists in 
econometric software packages. However, it will 
be shown that they do not necessarily offer coef- 
ficient es:imates that differ significantly from 
OLS estimates, even when errors are not nor- 
mally dis-ributed. This paper will (a) illustrate 
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cases in which several robust regression meth- 
ods on an equation having nonnormal errors fail 
to give coefficient estimates significantly dif- 
ferent from OLS and (b) demonstrate how 
regression diagnostics can identify conditions 
under which RR is a useful alternative to OLS 
for detrending time-series data. 


Nonnormal Errors and Robust Regression 


In the standard linear model, with n observa- 
tions and k regressors, 


Y=x@+u, 


where Y is an (n X 1) dependent variable vector, 
X is an (n X k) matrix of k independent vari- 
ables, B is a (k X 1) coefficient vector, and u 
is an (n X 1) disturbance vector, OLS will yield 
maximum likelihood estimates of model param- 
eters when u ~ N(0, o°). When u is not dis- 
tributed normally, the OLS coefficient esti- 
mator, b, is still the best linear unbiased 
estimator, and the OLS variance estimator, s?, 
is still unbiased and consistent. However, nei- 
ther b nor s? is efficient or asymptotically effi- 
cient, since the maximum likelihood estimator 
is nonlinear (Judge et al., p. 888). 

Because OLS minimizes the sum of squared 
errors, large residuals or “outliers” can exert 
considerable influence on parameter estimates. 
Robust regression methods give less weight than 
OLS to observations whose dependent variable 
deviates far from its expected value. They can 
be viewed as automated means of reducing out- 
lier influence and are classified by their ap- 
proach to controlling influential outliers. M-es- 
timators employ maximum-likelihood techniques 
for finding regression coefficients that minimize 
some function of the regression residuals, typ- 
ically one that gives less weight than OLS to 
residuals large in absolute value. Linear com- 
binations of order statistics, or L-estimators, 
calculate regression coefficients for quantiles of 
the residuals resulting from a regression model 
and then combine them with specified weights. 

Both classes of RR methods were used to de- 
trend three corn yield time series after discov- 
ering that the OLS residuals were negatively 
skewed in two of the series. The structural model 
for each farm took the simple, linear form: 


CORNYLD = B + B,*YEAR + u, 


where CORNYLD denotes the corn grain yield 
in bushels per acre, and YEAR is the corre- 
sponding year. The three series came from farms 
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in Jackson County, Minnesota, having 22 to 43 
annual yield observations ending between 1985 
and 1987. Due to the negative skewness of the 
OLS residuals from farms A and B, it was sus- 
pected that outliers might be distorting the OLS 
coefficient estimates. Six RR methods discussed 
in Judge et al. were used to reestimate the trend 
parameter: the multivariate t, which is an M-es- 
timator, and five L~estimators, the least absolute 
error (LAE), trimmed mean (TRIM), five quan- 
tity-weighted regression quantile (FIVEQUAN), 
the Gastwirth weighted regression quantile 
(GASTWIRTH ), and Tukey tri-mean weighted 
regression quantile (TUKEY) procedures, avail- 
able in SHAZAM (White, Shirley, and Hors- 
man). 

As summarized in table 1, all estimates of the 
coefficient on YEAR lie within one OLS stan- 
dard error of the OLS estimate. For all three 
farms, coefficient estimates with RR are not sig- 
nificantly different from OLS, despite (1) a dis- 
proportionately large number of negative resid- 
uals for farms A and B, (2) negative summed 
residuals on all three farms for all RR methods 
used, and (3) a relatively large OLS standard 
error for farm C. 


Regression Diagnostics 


Three regression diagnostic statistics are partic- 
ularly helpful in gauging the influence of an ob- 


Table 1. Coefficient Estimates Compared for 
YEAR Variable in the Linear Model: OLS 
versus Six Robust Regression Methods 


Regression Method Farm A Farm B Farm C 
Parameters 
Degrees of free- 
dom (d.f.) 40 41 20 
OLS standard error 
of coefficient 0.214 0.242 0.612 
Coefficient estimates 
OLS 2.034 2.062 1.503 
LAE 2.166 2.203 1512 
TRIM = .05 2.039 2.209 g 
TRIM = .10 2.049 2.184 1,562 
TRIM = .20 2.129 2.086 1.447 
FIVEQUAN 2.073 2.033 1,836 
GASTWIRTH 2.068 2.083 1.322 
TUKEY 2.108 2.091 1.839 
MULTIT = 1 2.133 2.149 1.463 
MULTIT = 3 2.097 2.127 1.480 
MULTIT = d.f. 2.042 2.075 1.498 


` This L-estimate could not be computed due to small sample size 
relative to the size of the desired trim quantile. 
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servation upon a coefficient estimate: (a) h;, the 
measure of potential leverage by individual ob- 
servations on the independent variables to influ- 
ence the regression (b) e¥, the “studentized” re- 
sidual, a measure of what constitutes an 
influential outlier, and (c) DFBETAS, a newer 
diagnostic that measures the impact on a given 
coefficient of a given observation (Belsley, Kuh, 
and Welsch). 

The potential influence, or leverage, of an ob- 
servation, h; (Belsley, Kuh, and Welsch; Judge 
et al.; Weisberg), is defined as follows: 


hi = xj(X'X)"x;, 


where x; is an observation on the independent 
variable(s) and X is the matrix of all observa- 
tions on the independent variable(s). Key char- 
acteristics of h; are (a) it always lies between 
zero and one, (b) the k; s sum to k, the number 
of regressors, and (c) h; is a function of the in- 
dependent variables only. As observations on the 
independent variables, x; get farther from the 
sample mean, they become potentially more in- 
fluential, and h; grows larger. Since the average 
value of h; is k/n, a conservative rule of thumb 
for identifying observations with high leverage 
is h; = 3k/n (Judge et al., p. 893). 

A widely employed, reliable measure of 
whether an extreme residual is indeed a statis- 
tical outlier is the “studentized” residual (Bels- 
ley, Kuh, and Welsch; Weisberg), e*, 

pS ei, 
© s()*(1 — h)? 


where e; is the residual corresponding to the ith 
observation and s(i) denotes the sample standard 
error of the estimate calculated omitting the ith 
observation. As is clear from its composition, 
e* will be large if one or more of the following 
conditions holds: (a) e; is large, (b) h; is large, 
or (c) s(Z) is small. The studentized residual fol- 
lows the central f-distribution with n-k degrees 
of freedom. However, since it describes a re- 
sidual which represents one of many “draws” 
from the distribution, the appropriate test statis- 
tic is the Bonferroni t-value, which tests the hy- 
pothesis that the residual occurs with a/n prob- 
ability, where a is the probability of mistakenly 
rejecting the hypothesis that e; is an outlier and 
n is the number of observations in the sample 
(Weisberg, p. 116). 

Belsley, Kuh, and Welsch have developed a 
statistic called DFBETAS to measure the influ- 
ence that an observation is likely to have on the 
regression coefficient. It measures the differ- 
ence between estimates for the jth coefficient 
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with (b,) and without (b;(i)) the ith observation, 
as standardized py the coefficient standard error: 


b; — bi) 
DA'R I? 
where (X'X); Cenotes the jth diagonal element 
of the (X’X) projection matrix. Belsley, Kuh, 
and Welsch demonstrate that DFBETAS de- 
creases with sample size at a rate proportionate 


to n°. Hence, they recommend a “size-adjusted 
cutoff” of | DFBETAS | > 2/(*) (p. 28). 


DFBETAS, = 


Diagnosis of F.esiduals from Regressions to 
Detrend Time Series 


In a regression to detrend an uninterrupted time 
series, the tim® measure increases by a single 
unit from one observation to the next. This 
property has cistinct consequences for regres- 
sion diagnostics. 

First, the measure of potential leverage, A, 
cannot become very large because there are no 
x; values far from the mass of x,’s. The A; values 
are greatest at the beginning and end of the se- 
ries, following a symmetric U-shaped pattern. 
Since the A; s sum to the number of regressors, 
in a simple regression they sum to 2. As the 
number of sequential observations increases, the 
potential leverage of any one decreases. For un- 
interrupted time series, h; values will be the same 
for any two samples of the same size, and i: can 
be shown that none will exceed the conservative 
Judge et al. cutoff value of 3X/n (Swinton and 
King, p. 9). 

Barring a h_gh k; value, it is clear that an ex- 
ternally studertized residual can become “large” 
only if (a) s(i) is small, or (b) e; is large. How- 
ever, given the routine variability of much ag- 
ricultural data, s(i) and e; do not often reach or- 
ders of magnirude great enough for e¥ to become 
significant. Furthermore, while any dependent 
variable outLer may influence the intercept 
coefficient, oaly those corresponding to the be- 
ginning or ending of the time series will have a 
marked effec: on the slope coefficient. 

The most reliable regression diagnostic for re- 
vealing the irfluence of an observation on coef- 
ficient estimates is DFBETAS. This becomes es- 
pecially evident in a test of regression diagnostics 
and robust methods on a “contaminated” data 
set. A set of eight corn yield data series cf five 
to forty years, all ending in 1984 from the same 
southwest Minnesota farm, were modifizd by 
replacing the 1984 value with an artificial yield 
observation of 72.7 bushels per acre, three stan- 
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dard errors below the expected yield of 122.5 
bushels per acre. The test was conceived to model 
the effect that might be expected from low yields 
caused by severe drought. Table 2 compares 
regression: diagnostics from the 1984 observa- 
tion and presents estimates of the coefficient on 
YEAR. Of the three regression diagnostic mea- 
sures, only DFBETAS signaled a potential prob- 
lem with the 1984 observation. The h; values all 
remained predictably below the size-adjusted 
cutoff value. The studentized residuals were small 
for small samples because the large outlier sig- 
nificantly influenced the regression, reducing e; 
and increasing s(i). None of the studentized re- 
siduals exceeded its Bonferroni critical t-value. 

Although robust regression has been recom- 
mended as a pre-diagnostic technique (Weis- 
berg, p. 253), table 2 demonstrates that robust 
methods are not foolproof. Only the 20% trimmed 
mean regression procedure generated coeffi- 
cients consistently within two coefficient stan- 
dard errors of the OLS estimate on the uncon- 
taminated sample [1.88 + 2(0.23)]. However, 
in SHAZAM, trimmed mean least squares (TLS) 
estimates cannot be computed for sample sizes 
too small to allow at least three observations in 
the quantiles to be cut from each tail. The least 
absolute errors (LAE) estimator performed very 
poorly, and the estimator following the multi- 
variate t-distribution with one degree of freedom 
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did no better than the OLS estimator. Of the three 
RR estimators, TLS performed best, generating 
coefficient estimates closer to the uncontami- 
nated OLS estimates than OLS for n < 25. 
However, TLS could not be computed for the 
five observation case. By contrast, since DFBE- 
TAS revealed that 1984 was a potentially influ- 
ential observation in every case, its use would 
have permitted obtaining better OLS estimates 
by deleting the 1984 observation. 


OLS versus Trimmed Least Squares: A Monte’ 
Carlo Experiment 


In the “contaminated” sample examined above, 
TLS outperformed both OLS and the other RR 
methods tested in small samples. A Monte Carlo 
experiment was conducted to validate these re- 
sults on the kind of error distributions encoun- 
tered in detrending farm-level] corn yields. Based 
on the finding of Nelson and Preckel that Iowa 
farm-level corn yields follow a negatively skewed 
beta distribution, four sets of time-series data 
were generated for yields with a trend of 2 bush- 
els per year and a random error drawn from three 
different beta distributions and one normal dis- 
tribution, all with mean 0. Since the beta dis- 
tribution is defined on the interval [0, 1], the 
generated beta random variates were centered 


Table 2. Comparison of Regression Diagnostics and Robust Regression Methods on Corn 
Grain Yield Detrending Regressions for Farm A with a ‘‘Contaminated’’ 1984 Observation 





Studentized 
Number of Year Residual 
Observations Series for 1984° DFBETAS 
5 1980—84 —1.02 1.02" 

10 1975—84 =2.30 ~1.41° 
15 1970-84 —2.10 —1.01* 
20 1965—84 s252 ~1.03* 
25 1960-84 -2.53 —0.92* 
30 1955-84 -2,68 —0.88* 
35 1950-84 —2.61 —0.79* 
40 1945—84 =2:65 0.747 


Coefficient on YEAR 


OLS LAE Mt = 1° TRIM = .2 
—14.32 —17.16 

(5.24) 

1.13 4.61 2.46 1.87*° 

(2.96) 

1.05 2.59 1.41 L39” 

(1.44) 

2:22 2.67 2.56 1.86* 

(0.89) 

1.93* 2.67 2.26* 2.00% 

(0.58) 

1.91” 2al PAP A i 2.07* 

(0.41) . 

1.84* 2:51 23" Z22" 

(0.32) 

NK i 1.96* 1.92% 1.82* 

(0.25) 


Note: The “contaminated” 1984 observation was three standard errors of estimate below the expected value for that year. 


* Bonferroni critical values exceeded 3.48 in all cases. 
> Denotes multivariate t-distribution with 1 degree of freedom. 


€ Plus indicates DFBETAS value exceeds size adjusted cutoff of 2/(1°). 


4 Standard error in parentheses. 


e Asterisk indicates coefficient estimate lies within two coefficient standard errors of uncontaminated OLS estimate for 1945—84, 1.88 + 


2(0.23). 
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Table 3. Parameters of the Distributions 
from Which Random Errors Were Gener- 
ated 


Standard 
Distribution Minimum Maximum Mean Deviation 
Beta (3, 3) © —50 50 0 18.90 
Beta (5, 3) —62.5 31:3 0 16.14 
Beta (15, 3) —§83.3 16.7 0 8.55 
Normal (0, 625) —infinity infinity 0 25.00 


on 0 by substracting the mean and then scaled 
over a range of 100. Parameters for the beta dis- 
tributions were (3, 3), a symmetric distribution; 
(5, 3), a negatively skewed distribution in the 
range encountered by Nelson and Preckel; and 
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(15, 3), a sill more negatively skewed distri- 
bution. Rancom errors were also generated from 
a normal (0. 625) distribution, for which 95% 
of the distritution falls in the 100-bushel range 
of the scaled. beta (3, 3) distribution. Parameters 
of distributicns from which the random errors 
were generated are presented in table 3. 

Key results from 1,000 regressions using both 
OLS and trimmed least squares (trim proportion 
= ,2) on randomly generated data from the four 
distributions reveal that under OLS, trend coef- 
ficient estimate ranges are narrower and stan- 
dard deviations are smaller in all cases, as shown 
in table 4. Ir most cases, the sample mean of 
the trend coefficient estimates is as close or closer 
to the true value of 2 under OLS as under TLS 
for data fror all four distributions. OLS gen- 


Table 4. Summary Statistics on Trend Coefficient Estimates from 1,000 OLS and Trimmed 
Least Squares (Trim Proportion = .2) Regressions on Data Generated from Four Error Dis- 


tributions Using Four Sample Sizes 





Distribution 5:5, apie SUE. 

and After 

Method Original Trim, Runs 
Beta (3, 3) 

OLS 10 10 10090 
Trim = .2 19 4 641 
OLS 15 15 1000 
Trim = .2 15 7 846 
OLS 20 20 1000 
Trim = .2 20 10 929 
OLS 25 25 1000 
Trim = .2 25 13 950 
Beta (5, 3) 

OLS 10 10 1000 
Trim = .2 10 4 635 
OLS 15 15 1000 
Trim = .2 15 7 854 
OLS. 20 20 1000 
Trim = .2 26 10 905 
OLS 25 25 1000 
Trim = .2 25 13 962 
Beta (15, 3) 

OLS 10 10 1000 
Trim = .2 10 4 638 
OLS 15 15 1000 
Trim = .2 15 7 855 
OLS 20 20 1600 
Trim = .2 20 10 921 
OLS 25 25 1000 
Trim = .2 25 13 955 
Normal (0, 625) 

OLS 10 10 1000 
Trim = .2 10 4 625 
OLS 15 15 1000 
Trim = .2 15 7 R45 
OLS 20 20 1000 
Trim = .2 20 10 942 
OLS 25 25 1000 
Trim = .2 25 13 958 


S andard 
Mean Deviation Minimum Maximum 

1.8687 2 1061 — 5.2377 7.8670 
1.7949 2.9783 — 8.5324 15.931 

2.0004 1.1654 — 1.7042 5.4358 
2.0132 1.4683 =23152 6.5875 
1.9787 0.7500 —0.3687 4.1929 
1.9727 03390 — 1.3164 4.4149 
2.0103 0.5177 0.6056 3.5099 
2.0040 0.5323 —0.2780 3.8566 
1.9901 1.3894 —3.0522 7.7586 
1.8908 2.5900 —11.385 9.8796 
1.9732 1.11847 — 1.2642 5.5286 
1.9726 1.3777 — 1.9814 6.6415 
1.9881 0.0732 —0.4628 4.0192 
1.9974 0.5242 —0.9019 4.2907 
1.9920 0.<803 0.0220 3.5389 
1.9821 0.2832 —0.0439 3.7556 
1.9681 1.€534 ~2.8753 7.1628 
1.8876 2.1156 —6.2778 10.054 

1.9970 0.4410 —0.6849 4.8281 
2.0239 1.1605 — 1.6284 5.4731 
2.0036 0.5824 —0.0860 4.0408 
1.9994 0.6374 —Q,5005 4.4302 
2.0017 0.4345 0.4024 3.3919 
1.9987 0.5114 0.3381 3.5111 
2.0818 2.7782 —7.4647 11.293 

2.2094 3.7515 -13,178 17.096 

2.0248 1.5.60 —2.3883 7.8513 
2.0113 1.8402 —4,1560 . 8.2727 
1.9744 1.0863 — 1.4266 5.1356 
1.9916 1.1749 —2.0927 6.0467 
1.9803 0.71236 —0.0578 4.2606 
1.9847 0.7740 —0.5820 4.4788 
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`- erated the more accurate mean coefficient esti- 
mate in all instances where samples had fewer 
than twentv observations; these are precisely the 
cases in which analysts are most concerned about 
outlier bias. This is probably due to the fact that 
after trimming, TLS had few observations to 
work with when data sets were small. An un- 
related, but significant, advantage of OLS is that 
it generated coefficient estimates for every data 
set. The regression quantiles used for L-esti- 
mators are calculated as solutions to a linear 
programming problem, using the approach de- 
veloped by Koenker and Bassett. However, for 
small data sets, there may not be a feasible so- 
lution. TLS could not reach a solution in over 
one-third of the regressions using ten observa- 
tions, and even when twenty-five observations 
were available, TLS still failed to reach a so- 
lution roughly one-twentieth of the time. 


Concluding Comments 


This analysis shows that many robust techniques 
fail to give more reliable coefficient estimates 
than OLS in a simple detrending regression when 
an extreme value of the dependent variable lies 
at the end of a time series. For this class of 
problem, influential outliers can occur if and only 
if (a) the standard error of estimate omitting the 
ith observation is very small and/or (b) the ith 
residual is very large. However, these condi- 
tions rarely occur under probability distributions 
typical of corn yields. A Monte Carlo study found 
OLS to generate more accurate coefficient es- 
timates than trimmed least squares. It is con- 
cluded that for yield detrending problems, OLS 
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provides more consistently accurate coefficient 
estimates than the robust regression alternatives 
tested. When an extreme outlier is suspected, 
the DFBETAS regression diagnostic statistic 
provides the best measure of whether its influ- 
ence is strong enough to merit eliminating that 
observation from the data set. 


[Received March 1990, final revision received 
August 1990.] 
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Cointegration Tests and Spatial Price 
Linkages in Regional Cattle Markets 


Barry K. Goodwin and Ted C. Schroeder 


‘This analysis empirically evaluates spatial linkages in regional cattle markets using 
cointegration tests of regional price series. Several markets were not cointegrated over 
the 1980 through 1987 period. However, significant increases in cointegration of several 
regional livestock markets are observed through the 1980s. The increased cointegration 
parallels significant structural changes in the livestock industry. A formal analysis of 
market characteristics reveals that distances between markets, industry concentration 
ratios, market volumes, and market types have significant influences on cointegration 


relationships between markets. 


Key words: cattle markets, cointegration tests, spatial market linkages. 


Spatial price behavior in regional cattle markets 
iS an important indicator of overall market per- 
formance. Markets that are not integrated may 
convey inaccurate price information that might 
distort producer marketing decisions and con- 
tribute to inefficient product movements. In re- 
cent years, cattle markets have undergone dra- 
matic regional shifts in production, slaughtering, 
and processing (Ward). However, some re- 
gional markets, particularly those declining in 
relative volume and importance, may not react 
efficiently to evolving information (Tomek). 
Previovs studies have examined lead-lag rela- 
tionships among regional cattle prices (Bailey 
and Brorsen; Koontz, Garcia, and Hudson; 
Schroeder and Goodwin). Results generally in- 
dicate that prices in the western Corn Belt re- 
gion tend to lead prices in other markets. With 
the disparity in market power between cattle 
producers and slaughter cattle procurers, cattle 
buyers have the potential to influence regional 
prices. In addition, with declining relative cattle 
sales volumes in some regions and increasing 
volumes in other locations, regional prices could 
diverge because of poor information flows across 
regions. In the presence of these influences, price 
changes across different regions may not fully 
reflect relevant economic conditions. 


The authers are assistant professors, Department of Agricultural 
Economics. Kansas State University. 

This is Contribution No. 90-536-J of the Kansas Agricultural Ex- 
periment Station. 

The hetpful comments of Andrew Barkley, David A. Bessler, 
Merle Faminow, Philip Garcia, and Zach Lea are gratefully ac- 
knowledged. 


The objective of this paper is to empirically 
evaluate cointegration and spatial price linkages 
for regional: slaughter cattle markets and to de- 
termine the impacts on cointegration of several 
market characteristics. Cointegration tests are 
developed and applied to spatial price relation- 
ships among eleven regional slaughter cattle 
markets. Bootstrapping regressions are then uti- 
lized to evaluate the influences of several vari- 
ables on cointegration. 


Spatial Price Linkages in Regional Markets 


Regional markets may be linked through the 
competitive profit-seeking activities of com- 
modity arbitragers. Arbitrage activities com- 
monly involve the purchase of commodities in 
regional markets where the price is relatively low 
and the subsequent resale in markets where the 
commodity is dear. Regional arbitrage will en- 
sure that a unique equilibrium is reached where 
local prices in alternative markets differ by no 
more than transportation and transactions costs. 
In this case, the expected returns to regional 
commodity price speculation are forced to zero 
and markets are spatially integrated. However, 
Takayama and Judge have noted that this sort 
of direct market linkage requires the assumption 
that all buyers and sellers are located at discrete 
points with no intraregional transportation costs. 

Alternatively, regional markets may be linked 
through an oligopolistic (or: oligopsonistic) 
interdependence whereby firms compete only 
within a limited service area (Benson and Fa- 
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minow). In this case, transportation costs which 
increase as trade distances rise necessarily limit 
the area relevant to interfirm competition. Ac- 
cording to Faminow and Benson, this situation 
may result in market linkages that follow a non- 
competitive basing-point pricing system which 
is maintained through an organized oligopoly 
arrangement. Under basing-point pricing, oli- 
gopoly cooperation among firms leads to the es- 
tablishment of a base price at a central location, 
and the delivered price to any buyer location is 
the base price plus transportation costs (Scherer). 
Under a basing-point pricing arrangement, mar- 
kets will be spatially integrated as the collusive 
arrangement implies perfectly linked prices at 
all locations. Faminow and Benson note that this 
version of spatial integration does not depend 
upon the assumption that intraregional transpor- 
tation costs are negligible. 

Ardeni has argued that the conventional ap- 
proaches to testing spatial integration may mis- 
represent or ignore the time-series properties of 
regional price data series. Such properties may 
have important implications for the spatial link- 
ages of a market. In particular, ignoring serial 
correlation in empirical tests of spatial market 
integration may result in tests which are vul- 
nerable to inferential inconsistencies and biases. 
Furthermore, analyses making use of price dif- 
ferentials may suffer because such differencing 
transformations and filters are ad hoc in nature 
and may be inappropriate for a given price se- 
ries. 

Alternative procedures for evaluating spatial 
market linkages have been developed within the 
framework of cointegration tests by Granger, 
Engle and Granger, and Engle and Yoo. The 
general cointegration procedures appeal to the 
fact that deviations from equilibrium conditions 
for two economic variables, which are nonsta- 
tionary when taken by themselves, should be 
stationary. The intuition is that economic forces 
should prohibit persistent long-run deviations 
from equilibrium conditions, although signifi- 
cant short-run deviations may be observed. An 
important implication is that, while individual 
economic variables such as prices may wander 
extensively, certain pairs of such variables should 
not diverge from one another in the long run. A 
‘recent application of cointegration testing to 
spatial price relationships can be found in Ar- 
deni. 

_ Cointegration tests provide an especially suit- 
able framework in which to consider long-run 
price relationships among regional cattle mar- 
kets. Weekly prices in these markets are highly 
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variable and often possess significant trends, 
suggesting the potential for nonstationarity in 
long-run price series. However, efficient arbi- 


trage and basing-point pricing conditions in re- 


gional markets suggest that regional prices in al- 
ternative markets should not diverge from one 
another.’ 


Cointegration Tests of Spatial Price 
Relationships 


Consider two series of economic variables; y, 
and x,. Each series by itself is nonstationary and 
requires a single differencing transformation to 
produce a stationary series. However, a linear 
combination of the two series, 


(1) yo a px li 


produces a residual series e, which is stationary. 
In this case, the series y, and-x, are said to be 
cointegrated. More precisely, y, and x, are co- 
integrated of order (1,1) with a cointegrating pa- 
rameter of ß and the linear relationship given by 
(1) is called the cointegrating regression. A se- 
ries is integrated of order (d) if it must be dif- 
ferenced d times to obtain stationarity. Two 
series are cointegrated of order (d,b) if the in- 
dividual series are integrated of order (d) and 
their linear combination is integrated of order 
(d-b) (Engle and Granger). 

Spatial market integration, brought about by 
commodity arbitrage or collusive basing-point 
pricing, necessarily implies a unique long-run 
equilibrium relationship in which deviations from 
regional price parity are forced to zero. Such an 
equilibrium need not require that deviations from 
equilibrium are always zero or even serially un- 
correlated. Delivery lags between spatial mar- 
Kets and other impediments to regional trade and 
arbitrage activities might result in the short-run 
persistence of deviations from the steady-state 
equilibrium. Similarly, incomplete basing-point 
pricing behavior as described by Faminow and 
Benson might result in short-run deviations from 
equilibrium conditions. However, spatial inte- 
gration will require that deviations from eco- 


’ Granger (p. 218) notes that, for a pair of prices from specu- 
lative markets, cointegration implies a lack of efficiency because 
prices should incorporate all available information. However, this 
result requires instantaneous arbitrage, which is necessarily pre- 
cluded by spatial linkages that include delivery lags. With such 
linkages, a spatial dimension to efficiency will require that prices 
not wander arbitrarily far apart in the long run. In this light, coin- 
tegration may imply a form of spatial efficiency for regional market 
linkages. 
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nomic equilibrium conditions have a stable mean 
of zero. In terms of cointegration, this condition 
implies that two spatially separated markets are 
spatially linked and interdependent if regional 
prices can be used to form a cointegrating 
regression representative of a spatial price parity 
equilibrium condition. 

Conventional analyses of spatial market in- 
tegration typically posit a parity relationship be- 
tween markets in which price changes in one 
market are reflected by equilibrating changes to 
prices in alternative markets. Such an equilib- 
rium relationship can be written as? 


(2) pi — & — Bp; = ts 


where p} and p? represent logarithmic commod- 
ity prices in two alternative regional markets. 
The residual error term u, represents propor- 
tional deviations from price parity. If the loga- 
rithmic price series are nonstationary but their 
combination in (2) produces a stationary series 
for u,, the series are cointegrated of order (1,1) 
with a cointegration parameter 6. This condition 
suggests a natural empirical approach for eval- 
uating the spatial price linkages between a pair 
of regional markets through the use of OLS es- 
timation procedures in connection with the co- 
integration analysis techniques. Perfect spatial 
integration will be offered empirical support for 
a pair of regional markets if the regional price 
series are cointegrated with a cointegrating pa- 
rameter approximately equal to one.* 

The existence of perfectly spatially integrated 
markets (where price changes in one market are 
fully reflected by equilibrating changes in alter- 
native markets) necessarily requires that the es- 
timated slope parameter of the cointegrating 
regression, B, have a value of one. However, 
because the price series pi and p? are nonsta- 
tionary in a cointegrated system, conventional 
Statistical procedures cannot be used to provide 
reliable hypothesis tests regarding the value of 
B. In particular, while the empirical estimate of 
the cointegrating parameter is consistent, the es- 


* The parameter a in (2) might be considered a proportional shif- 
ter which reflects the costs of interregional trade. Such costs might 
include interstate tariffs, risk premiums, and transportation charges. 

*While perfect spatial integration requires that price changes in 
one regional market are fully matched in other markets, cointegra- 
tion requires only that prices not drift arbitrarily far apart in the 
long run. We would not necessarily expect efficiently linked mar- 
kets to have 8B = 1. Prices in two efficiently linked markets could 
vary in a nonsynchronous manner within the band created by trans- 
actions costs and thus not imply perfect integration G.e., 8 Æ 1). 
In addition, quality differences across regions might also bring about 
a B ~ I without implying inefficient spatial linkages, However, 
cointegration should be supported in both cases. 
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timated standard error of the cointegrating pa- 
rameter is no: consistent. In this light, it is im- 
possible to coaduct explicit significance tests for 
the estimated <ointegrating parameter. Engle and 
Granger discuss the properties of OLS estimates 
of cointegrating regression parameters in detail. 

Engle and ‘ranger have proposed a two-step 
procedure for evaluating the cointegrating prop- 
erties of a comcurrent pair of nonstationary eco- 
nomic time s2ries. The first stage involves es- 
timating the parameters of the cointegrating 
regression representative of the presupposed 
economic equilibrium condition by using stan- 
dard OLS regression techniques. Estimates of 
the parameters of the cointegrating regression 
can then be used to calculate estimates of the 
residual errors, ê, where 


(3) ê = y, — &— Êx. 


Upon obtaining estimates of the first-stage re- 
sidual errors, Engle and Granger propose seven 
different tests for cointegration. They also pro- 
vide critical values for a sample of 100 obser- 
vations based upon the results of Monte Carlo 
simulations for each proposed test statistic. Each 
test has no ccintegration as its null hypothesis. 
Rejections of the tests which follow lend sup- 
port for cointegration in the regional markets in 
this analysis. The existence of a variety of tests 
follows from :he usual problems associated with 
unit root tests and parameters which are un- 
identified under the null hypothesis, and be- 
cause the power of any individual test may vary 
across actual empirical circumstances (Engle and 
Granger). 

The first test for cointegration suggested by 
Engle and Granger involves the use of the stan- 
dard Durbin-‘Vatson test statistic from the first- 
stage OLS escimate of the cointegrating regres- 
sion (CRDW°: | 


T T 
(4) CRDW = (> Gs z 2 a). 


t=} 


The null hypothesis of no cointegration is re- 
jected for vxues of CRDW which are signifi- 
cantly different from zero. The CRDW statistic 
is approximately equal to 2 — 2f, where f is the 
estimated autoregressive parameter for the re- 
sidual errors from the cointegrating regression 
(Judge et al.). In this light, Engle and Granger’s 


‘In particuiar, unit-root test statistics must be constructed using 
nonstandard distributions, using parameters which are unidentified 
under the null hypothesis. 
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first proposed test is analogous to a test of whether 
p is significantly different from one. 

The second and third cointegration tests pro- 
posed by Engle and Granger utilize Dickey-Fuller 
(1979, 1981) type regressions to consider whether 
the autoregressive parameter for the estimated 
residuals from the cointegrating regression 1s 
significantly different from one. If there is a unit 
root, then the two series are not cointegrated. 
The first Dickey-Fuller-type test depends on es- 
timates of 


(5) 


where @, is the first-stage estimate of the residual 
from the cointegrating regression and A implies 
the first difference. A test statistic (DF) is con- 
structed from the ratio of the estimated ¢ to its 
standard error (a t-ratio). The null hypothesis of 
no cointegration is rejected for values of @ which 
are significantly different from zero. This is ver- 
ified by calculated values of DF which exceed 
the tabulated critical values determined by En- 
gle and Granger. The second Dickey-Fuller type 
test is analogous to the first except that it con- 
tains p lagged values of the differenced residual 
errors: 


(6) 


Aé, = —é,_, + &, 


Aê, Sm — hê, = 6,Aé,_; = site 
+ 6,Aé,_, + €. 


The addition of the lagged differences ensures 
that the second-stage residuals of the augmented 
Dickey-Fuller regression, €,, are serially uncor- 
related. A test statistic (the ADF’) is constructed 
from this regression by again taking the t-ratio 
for the estimate of œ. 

The fourth and fifth cointegration tests pro- 
posed by Engle and Granger involve the esti- 
mation of a vector error correction mechanism 
for the cointegrating regression: 


(7) Ay, a Bê- + Ein and 


Ax, = Bé,-1 + yAy, + Ezr- 


A test of no cointegration is based on the joint 
significance of the error correction coefficients 
B, and B,. This test exploits the fact that a co- 
integrated set of variables can be equivalently 
expressed as an error correction model in the 
form of (7). The intuition behind such error-cor- 
recting mechanisms lies in the expectation that 
agents will react to preceding deviations from 
equilibrium conditions, thus bringing about re- 
sponses in the current values of the cointegrated 
variables, y, and x,. A test statistic (RVAR) is 
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calculated by taking the sum of the squared t- 
ratios of 8, and B,. If B, and B, are jointly dif- 
ferent from zero, the null hypothesis of no co- 
integration is rejected. The fifth cointegration 
test statistic (the ARVAR) is constructed in an 
analogous manner to the fourth from an aug- 
mented system with added lagged values of dif- 
ferences of the economic variables (Ay, and Ax,) 
to ensure white noise in the error terms of the 
vector autoregressive system. 

The two preceding vector autoregression 
cointegration tests are conditional on the esti- 
mates from the cointegrating regression. The fi- 
nal two cointegration tests relax this restriction 
by estimating a vector autoregression which is 
not constrained to satisfy the cointegration con- 
straints. The first system regresses differenced 
values of each of the hypothesized cointegrated 
variables on the levels of the variables: 


(8) Ay, = Ayy,-1 + hx,- +c, + €, and 


Ax, = O3y,-1 + OX + yAy, + co + Ex. 


The null hypothesis of no cointegration is re- 
jected if parameters 9, and 0, of the first equa- 
tion and 0, and 6, of the second equation are 
jointly, significantly different from zero. A fail- 
ure to reject the null hypothesis indicates the lack 
of a significant relationship between current 
changes and past values of the economic vari- 
ables. It implies a general failure of cointegra- 
tion between the variables. A convenient test 
statistic (the UVAR) can be constructed by tak- 
ing twice the sum of the F-tests of joint signif- 
icance of the 8;s in each equation. The final 
cointegration test statistic (the AUVAR) is con- 
structed in an analogous manner from an aug- 
mented system with additional p-lags of Ay, and 
Ax, added to ensure serially uncorrelated resid- 
uals. 

Detailed discussions about these tests are pre- 
sented in Engle and Granger. Alternative em- 
pirical circumstances could alter the power and 
conclusions of any individual test. Thus, to 
strengthen the confidence associated with the 
tests, our application utilizes each of the seven 
test statistics. In many comparisons of interre- 
lated economic time series, economic theory 
provides little guidance as to which variable 
corresponds to x, and which corresponds to y, in 
the cointegration tests. This is certainly true for 
the bivariate comparisons of alternative regional 
price series in this study. Because misspecifi- 
cation could bias the results of the cointegration 
tests, each test is performed twice, with the des- 
ignations reversed for the second test. 
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Factors Affecting Cointegration and Spatial 
Arbitrage Opportunities 


The cointegration tests discussed above provide 
evidence about the linkages among prices at dif- 
ferent markets. In this light, cointegration is not 
an absolute test but is a matter of degree. For a 
given time period, two markets’ price series 
which move together will be highly cointe- 
grated. Conversely, two markets’ price series 
which tend to diverge from each other for ex- 
tended periods will have low cointegration. Of 
interest are the factors that influence the degree 
of cointegration among regional fed cattle mar- 
kets. Greater understanding of these factors al- 
lows more conclusive statements regarding spa- 
tial price relationships among these markets. 

A primary factor affecting cointegration is an 
agent’s cost and risk associated with trade be- 
tween markets (Buccola 1989). The greater are 
the risks and costs of trade between two mar- 
kets, the less likely they are to be cointegrated. 
In general, all markets are linked with one an- 
other through intermediary markets. However, 
these linkages weaken as the distance between 
markets increases. Mulligan and Fik have for- 
malized this distance relationship in an analyt- 
ical model of spatial competition. Distance be- 
tween markets is used as a proxy of costs and 
as a contributing factor toward risk in this study. 
The costs associated with trade between .spa- 
tially separated cattle markets will be directly 
related to the road distance between the mar- 
kets. Trucking costs and shrinkage may prevent 
perfect correlation among prices in spatially 
separated markets and may even cause prices to 
diverge for periods of time, even if these mar- 
kets are operating efficiently. In addition, risks 
associated with higher death losses and chang- 
ing relative prices between markets during ship- 
ping and delivery lags increase as distance be- 
tween markets increases. Thus, distance between 
markets is expected to have a negative influence 
on the level of cointegration. 

A second factor affecting the risk of arbitrage 
between markets is the amount of market infor- 
mation reflected in prices at a particular market. 
Liquid terminal markets, for example, have a 
more complete set of market information in each 
trade than do decentralized direct trade markets 
(Lang and Rosa). Price discovery in terminal 
markets occurs by the interaction of several well- 
informed packer buyers and commission selling 
agents. Conversely, direct trades often occur be- 
tween a single buyer and a single (often less in- 
formed) seller. Buccola (1985) finds that cen- 
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tralized marke: prices are in general more efficient 
than decentrahzed market prices. Thus, with all 
else constant. terminal markets may be more 
highly cointezrated than are direct trade mar- 
kets. 

Market volame also may influence trade ac- 
tivity across market areas. Low-volume markets 
have a higher potential for exhibiting unwar- 
ranted price behavior (Tomek). However, the 
concentration of cattle feeding and alternate 
market outlets are arguably more important in- 
fluences on regional trade activities than the ab- 
solute volume traded at a particular location. 
Thus, the concentration of cattle feeding in a 
market’s region could influence the degree of 
cointegration. However, the influence of market 
volume on ccintegration is not clear. The thin 
market issue implies that markets with higher 
volume are more highly cointegrated. However, 
market regioms with higher concentrations of 
cattle feeding may also operate independently of 
markets in otter regions because of short-term 
local market forces. Examples are pressures to 
operate local packing plants at capacity and 
evolving local information pertinent to price. 
Thus, the relationship between market volume 
and cointegra-ion is ambiguous. 

A final factor which may influence spatial 
cointegration -n regional cattle markets is packer 
concentration Carlton has shown that price sta- 
bility increases with increasing concentration in 
several industrial markets. With increased con- 
centration of cattle packers operating across sev- 
eral markets, cointegration of these markets could 
increase, especially if the highly concentrated 
firms compete in the same market regions, as 
occurs in slaughter cattle markets (Ward). By 


Operating plants in several spatially separated 


markets, the firms reduce spatial transactions 
costs and uncertainty about market outlets for 
cattle shipped from one region to another. In ad- 
dition, increesed concentration may facilitate 
collusive pric.ng behavior among meatpackers. 
In particuiar, discriminatory basing-point pric- 
ing practices may result from increased industry 
concentration Such behavior would strengthen 
spatial price linkages. 

The seven cointegration test statistics provide 
formal tests cf cointegration which differ with 
respect to their statistical power under alterna- 
tive empirical situations. The effects of several 
market characceristics can be considered through 
the following model: 


(9) TSh = Bo + B, Type; + BCR, . 
+ B;Volume,, + B,Distance, + ety, 
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fori = 1, ..., 10;j= 1,..., 7; and¢= 1, 

T; where TS! za represents the jth cointegration 
test statistic between markets i and k (j = 1, 

7 for CRDW, ..., AUVAR), Type; is an indi- 
cator variable equal to one if market i 
is direct and zero if a terminal market, CR, is 
the four-firm beef slaughter concentration ratio 
in time ¢, Volume; is slaughter cattle volume 
in market i’s region relative to that of market k 
in time t, Distance, is miles between market i 
and market k, and e’,, is a residual error. Given 
the preceding discussion, the parameters of 
equation (9) are hypothesized to have the fol- 
lowing signs: B, < 0, B > 0, Bs is uncertain, 
and 8, < 0. 


Data Description 


Weekly price series for Choice, yield grade 
2—4, 900—1,100 pound slaughter steers were as- 
sembled for eleven U.S. regional markets over 
the period covering January 1980 through Sep- 
tember 1987, yielding a total of 400 weekly ob- 
servations. The data were collected from the 
Chicago Mercantile Exchange and from the U.S. 
Department of Agriculture’s Livestock, Meat, 
and Wool Market News. Prices were collected 
for direct cattle markets of California, Colo- 
rado, Illinois, lowa—Southern Minnesota, West- 
ern Kansas, Eastern Nebraska, and Texas Pan- 
handle. Price data were also obtained for terminal 
markets of Lancaster, Pennsylvania; Omaha, 
Nebraska; South St. Paul, Minnesota; and Sioux 
City, Iowa. 

These markets include a geographic disper- 
sion of markets which differ in pricing methods 
(direct versus terminal) and cattle volumes. The 
markets include those with the largest cattle vol- 
umes as well as several small volume markets. 

Several of the price series had a small number 
of missing observations. The total number of 
missing prices was twenty-six (less than 0.6% 
of the total data points). The missing prices were 
proxied by the predicted values from a regres- 
sion of the series on the 1,100- to 1,300-pound 
steer price at the same location during the same 
week. 


Empirical Results for Cointegration Tests 


Applications of the empirical tests of cointegra- 
tion are constrained because the relevant critical 
values have been defined by Engle and Granger 
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only for samples of 100 observations.” In this 
light, our applications are to four subsets of the 
overall data consisting of 100 observations each, 
which roughly correspond to the two-year pe- 
riods 1980—1981, 1982—1983, 1984—1985, and 
1986—1987. This approach is consistent with the 
test requirements and allows us to test the im- 
pact of changes in industry concentration and 
relative cattle feeding concentrations across re- 
gions. Ward has noted that changes in market- 
ing patterns and industry concentration ratios may 
have had important structural impacts on the 
market performance of the beef industry.° 

The empirical tests of cointegration must be 
preceded by a test of nonstationarity for the in- 
dividual economic variables under consider- 
ation. Granger suggests using the unit root test 
developed by Dickey and Fuller (1979, 1981). 
The test is generated from the following regres- 
sion: 


P 
(10) Ay,= at dy, + ` O,Ay,; + En 


i=] 


where p is large enough to ensure that the re- 
sidual €, is empirical white noise. The Dickey- 
Fuller test statistic is the ratio of @ to its stan- 
dard error obtained from OLS regression. The 
null hypothesis of a unit root is rejected for val- 
ues of @ which are negative and significantly 
different from zero using the significance levels 
calculated by Dickey and Fuller (1981). 

The Dickey-Fuller unit root test, based on 
equation (10), was utilized to test the null hy- 
pothesis of a unit root in each of the price series 
for each period. The test utilized lag orders se- 
lected by the minimum value of Akaike’s final 
prediction error (FPE). The results supported 
the presence of a unit root in every case and thus 
indicate nonstationarity in each of the price se- 
ries. 

Cointegration regressions of the form given 
by equation (2) were estimated using ordinary 


$ Engle and Yoo have further investigated properties of the CRDW, 
DF, and ADF test statistics for alternative sample sizes. Their re- 
sults provide critical values for the CRDW, DF, and ADF for sam- 
ples of n = 200. 

6 Ward (pp. 14—15) notes that the four-firm concentration ratio 
in the steer and heifer slaughtering industry has gone from 39% in 
1980 to over 64% in 1986 (see table 3). Increased industry con- 
centration ratios have raised three important concerns. First, in- 
creased market power by processors may depress the prices paid 
for livestock. Second, larger meatpackers may have the market power 
to drive up retail prices for meat products. Finally, smaller meat 
processors are concerned that larger competitors will force them 
out of business (Ward, p. 17). 

” The Dickey-Fuller unit root testing results are available from 
the authors on request. 
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least squares regression techniques. Given eleven 
principal markets, 110 different pairwise com- 
parisons are possible. For brevity, consider- 
ations of spatial cointegration are limited to in- 
tegration comparisons between ten of the regional 
markets and the eastern Nebraska direct, west- 
ern Kansas direct, and Omaha terminal markets. 
While these choices are arbitrary, these markets 
are interesting because of their central location 
and relatively large marketing volumes. In ad- 
dition, this consideration allows us to examine 
differences in spatial price relationships be- 
tween terminal and direct markets. Only the re- 
sults for eastern Nebraska are reported. How- 
ever, any differences between eastern Nebraska 
and the other markets are highlighted in the dis- 
cussion." 

Cointegrating parameters and standard error 
estimates for the eastern Nebraska market are 
presented for each period in table 1. Each com- 
parison is conducted under two specifications. 
The first specification regresses prices in each 
of the i regional markets on the eastern Ne- 
braska price. The designation is reversed in the 
second specification with the eastern Nebraska 
price being regressed on each of the remaining 
i market prices. While the estimates of the co- 
integrating parameters are consistent, the veri- 
fication of nonstationary price series implies that 


8 Detailed results for the other markets are available from the 
authors upon request. 
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the estimated standard errors are not consistent. 
This condition precludes using these results for 
formal hypothesis testing in regard to the value 
of the cointegrating parameters. However, in 
most cases the cointegrating parameters are close 
to one in numerical value. Thus, estimates of 
the cointegracing parameters provide informal 
support for spatial integration in the regional cattle 
markets. 

The seven cointegration tests were conducted 
for each specification of the ten market com- 
parisons over each of the four periods. The aug- 
mented tests were conducted with p = 4 lagged 
values of Ay, and Ax,.” The cointegration test 
results for the first specification are presented in 
table 2. In general, the results appear to ques- 
tion the exis-ence of cointegration in the re- 
gional cattle markets. Cointegration is sup- 
ported by 155 of the 280 different cointegration 
tests for the 2astern Nebraska market. As ex- 
pected, cointegration is strongest for the mar- 
kets which are relatively close to eastern Ne- 
braska. However, cointegration diminishes as 
the distance tetween an individual market and 
the eastern Nebraska market increases. Cointe- 


? Lags are added -o the augmented tests to ensure white noise in 
the residuals. AkaiLe’s FPE criterion indicated lag orders of four 
or less in nearly every case. For the few cases for which a higher 
lag order was indicated, standard likelihood ratio tests confirmed 
that four lags were sufficient to ensure whitened residuals. Thus, 
we follow Engle and Granger and utilize a lag order of four for the 
augumented ccintegration tests. 





Table 1. OLS Estimates of Cointegrating Parameters 
Standard Standard 

Market Period By Error Bu Error 
California I .6419 .0395 1.1369 .0699 
direct H .8647 .O284 1.0459 0344 
iil .9080 0241 1.0301 .0274 
[IV .9080 .0336 9707 .0360 
Colorado I .9247 .0333 9595 0346 
direct Il .9166 .022.3 1.0258 .0261 
mH .9656 .01£8 .9986 .0194 
IV .9590 .0245 .9806 .0250 
Ulinois I .9822 .02274 .9643 .0230 
direct II .9983 .0241 9477 .0229 
m 1.0407 .0176 .9346 .0158 
IV .9734 .0246 9669 .0244 
lowa—S. Minn. I 1.0331 .0224 9254 .0201 
direct il 9921 £0207 9667 .0202 
il 1.0473 01€0 .9335 .0143 
IV .9685 0105 .9986 .0186 
Lancaster I .7435 .0636 .7837 .0670 
terminal Ul . 7446 .0243 1.2156 .0397 
mM 1.0387 .0334 .8741 .0281 
IV .9923 .0385 .8780 0341 
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Table 1. Continued 
Standard Standard 

Market Period Br Error Bu Error 
Omaha I .9968 0245 9473 .0232 
terminal Il .9330 .0195 1.0276 .0215 
Il 1.0028 0213 9552 .0203 
IV 9430 .0185 1.0218 .0201 
St. Paul I 1.0528 .0277 .8894 .0234 
terminal Il .9718 .0217 9812 .0219 
HI 1.0016 .0171 .9707 .0166 
IV .9946 .0200 .9673 0194 
Sioux City I 1.0391 .0291 .8936 .0250 
terminal H .9905 0207 .9678 .0203 
Il 1.0158 .0199 .9489 0185 
IV 1.0218 .0212 .93589 0195 
Texas Panhandle I 8747 .0290 1.0323 0342 
direct H .9169 .0232 1.0262 .0260 
m .9538 .0219 .9971 .0229 
IV .9203 0262 1.0068 .0286 
W. Kansas I .8727 .0326 1.0083 0376 
direct I 9113 .0243 1.0259 0274 
Il .9286 .0202 1.0289 .0224 
IV .9290 .0261 .9991 .0281 
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Note: Each market is compared with eastern Nebraska. 8, refers to estimated cointegrating parameters from Specification I (p; = aœ + 
BiP Nebrasta ) 200 By, refers to estimated cointegrating parameters from Specification H {p yesrasa = & + Bypi)- 


Table 2. 


Market 


California 
direct 


Colorado 
direct 


Illinois 
direct 


Iowa—S. Minn. 
direct 


Lancaster 
terminal 


Test Statistics 


Period I 


Period III 


Cointegration Test Results: Specification I (p; = œ + BP Nebraska) 


Period IV 
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Table 2. Continued 





Test Statistics 
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Critical 
Market Test Period I Period I Period MI Period IV Value 
ARVAR 11.756 7.386 6.415 16.387* 11.8 
UVAR 26.503* 34.540* 19.775* 29.556* 18.6 
AUVAR 25.091* 10.412 11.215 21.615* 17.9 
Omaha CRDW .552* 713% <05* .743* -386 
terminal DF 3.959* 4.611* 3.€72 4.829* 3.37 
ADF 2.813 2.052 2.£55 3.605* 3.17 
RVAR 21.858* 36.22C* 28 .€02* 42.119* 13.6 
ARVAR 8.277 4,277 12.209* 20.886* 11.8 
UVAR 24.013* 38.83¢* 32.€£27* 45.062* 18.6 
AUVAR 10.212 9,010 19.£91* 24.789* 17.9 
St. Paul CRDW .633* .621* 761* .694* 386 
terminal DF 4.280 4,217* 4.783* 4.726* 3.37 
ADF 2.815 1.985 3.C82 3.879* 3.17 
RVAR 21.305* 18.901* 43. K)4* 38.599* 13.6 
ARVAR 6.649 4.288 15.767* 26.195* 11.8 
UVAR 22.468* 20.773* 45.€99* 41.496* 18.6 
AUVAR 9.396 7.676 23. 784* 31.090* 17.9 
Sioux City CRDW .480* .618* .€77* .941* 386 
terminal DF 3.777* 4.239* 4.471* 5.534* 3.37 
ADF 2.420 1.979 2.€14 4,302* 3.17 
RVAR 15.490* 24.684* 23.466* 34.830* 13.6 
ARVAR 5.009 3.287 6.222 18.213* 11.8 
UVAR 16.329 26.968* 25. 293* 36.573* 18.6 
AUVAR 6.380 6.733 10.£34 20.679* 17.9 
Texas Pan. CRDW .395* 463* .302* .439* .386 
direct DF 3.888* 3.619* 3.212 3.477* 3.37 
ADF 3.280% 2.796 2.258 S40 3.17 
RVAR 14.869* 14.661* 11.&82 11.864 13.6 
ARVAR 9.736 8.555 6.062 9.198 11.8 
UVAR 15.366 16.516 13.724 13.209 18.6 
AUVAR 11.043 11.622 10.275 10.722 17.9 
W. Kansas CRDW .390* A15* .289* 400* 386 
direct DF 3.765* 3.404* 3.244 3.292 3.37 
ADF 2.651 2.770 2.262 2.808 3.17 
RVAR 14.243* 13.241 10.743 12.559 13.6 
ARVAR 7.264 8.192 5.915 7.785 11.8 
UVAR 15.041 15.150 12.324 14.142 18.6 
AUVAR 10.340 11.264 9.917 9.410 17.9 


Note: Eastern Nebraska is the central market. Critical values (Engle acd Granger) are at the 5% level. An asterisk denotes rejection of 


the null hypothesis of no cointegration at the 5% level. 


gration is strongest between eastern Nebraska 
and the Omaha, St. Paul, Sioux City, Iowa— 
Southern Minnesota, Illinois, and Lancaster, 
Pennsylvania, markets. In each of these cases, 
seventeen or more of the twenty-eight tests across 
the four time periods reject the null hypothesis 
of no cointegration. The Texas Panhandle, Cal- 
ifornia, and western Kansas markets display 
limited cointegration with the eastern Nebraska 
market, with ten or less of the twenty-eight tests 
supporting cointegration. Schroeder and Good- 
win and Koontz, Garcia, and Hudson found that 
price changes in eastern Nebraska and Iowa lead 
price changes in Illinois, Lancaster, Omaha, St. 
Paul, Sioux City, and other markets. This result 


is consistent with cointegration among these 
markets. 

The western. Kansas direct and Omaha ter- 
minal markets had results similar to those of 
eastern Nebraska. Of the 280 cointegration tests, 
111 supported cointegration with western Kan- 
sas and 176 supported cointegration with Omaha. 
The western Kansas market was primarily co- 
integrated witi the nearby Colorado and Texas 
markets. The Omaha market was mostly co- 
integrated with the same markets as eastern Ne- 
braska. 

An important result regarding the behavior of 
regional market linkages over time is also re- 
vealed in tabl2 2. The degree of cointegration 


Goodwin and Schroeder 


in regional cattle markets appears to have in- 
creased over the past several years. In the first 
two periods (1980-81 and 1982-83), only thirty- 
four of the seventy cointegration tests support 
cointegration. However, in the 1984-85 and 
1986—87 periods, respectively, thirty-eight and 
forty-nine of the seventy tests support cointe- 
gration. These results suggest that regional mar- 
ket cointegration was enhanced during a time 
when concentration of the beef industry was in- 
creasing. '? These results were similar although 
less pronounced for western Kansas and Omaha. 

In all, the empirical applications suggest that 
cointegration of regional cattle prices is limited. 
This may suggest that markets are segmented 
and arbitrage opportunities are precluded by high 
transactions costs or other barriers. Alterna- 
tively, the results may indicate the absence of 
collusive basing-point pricing behavior. How- 
ever, the results also indicate that structural 
changes in the beef industry throughout the 1980s 
were paralleled by increased cointegration of 
spatial prices in regional direct and terminal 
markets. This relationship may imply increased 
pricing efficiency or an increased tendency to- 
ward coordinated basing-point pricing by meat- 
packers. 

Faminow and Benson examined the behavior 
of price differentials in Canadian slaughter hog 
markets over time to provide additional evi- 
dence of basing-point pricing practices. With 
basing-point pricing, price differentials should 
reflect transportation costs and thus should in- 
crease as the distance between markets in- 
creases. Their results indicated that price dif- 
ferentials tended toward equality over time, 
suggesting the breakdown of basing-point pric- 
ing. Absolute price differentials between the 
eleven markets considered in this study were 
evaluated for each of the four periods. Although 
no clear trend toward equality between the price 
differentials was evident, the range of the price 
differentials did narrow across time. This result 
may suggest lower transportation costs and may 
provide additional evidence in favor of in- 


© Cointegration test results for the alternative specification in which 
the designations of independent and dependent variables are re- 
versed are not reported here. Although subtle differences exist, the 
overall results appear to be invariant with respect to the particular 
specification used in the cointegration tesis. Overall, 146 of the 280 
efficiency tests supported cointegration in the regional cattle mar- 
kets. The same pattems were apparent in the results for the alter- 
native market comparisons. In particular, western and southwestern 
markets exhibited limited spatial cointegration in linkages with eastern 
Nebraska and cointegration levels appeared to rise over time. 
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creased pricing efficiency in the regional cattle 
markets." 


Factors Influencing Spatial Price Linkages 


The preceding evaluation of cointegration in 
spatial markets indicated that regional cattle 
markets are less than fully cointegrated. In this 
section, factors which may influence cointegra- 
tion are formally assessed. A regression-type 
analysis of equation (9) is undertaken to eval- 
uate the effects of market type, industry con- 
centration ratios, relative slaughter volumes, and 
spatial distances on cointegration relationships. 
Table 3 contains the average annual slaughter 
volumes, distances between markets, and con- 
centration ratios used in this analysis. 

Ordinary regression estimates of equation (9) 
cannot directly be utilized to provide inferences 
regarding the influences of such factors on co- 
integration because the test statistic TSj, is a 
generated regressand which follows a nonstand- 
ard (nonnormal) distribution. In this light, an 
alternative estimation strategy using bootstrap- 
ping techniques (Efron) is undertaken. Boot- 
strapping requires only that the residual errors 
be independently and identically distributed, re- 
gardless of their distribution (Prescott and Sten- 
gos). Bootstrapped coefficient estimates and 
standard errors can thus be used to provide con- 
sistent inferences about the variables influenc- 
ing cointegration. 

Bootstrapped coefficient estimates and im- 
plied f-ratios for each of the seven cointegration 
test statistics are reported in table 4. The boot- 
strapping estimates were obtained from 1,000 
replications. The equations explained from 29% 
to 54% of the variation in the cointegration test 
statistics. The coefficient on market type is neg- 
ative for six of the seven tests (three of which 
are significantly different from zero at the 5% 
level), suggesting that direct markets are less 
likely to exhibit cointegration with the eastern 
Nebraska market. This result was not consistent 
for cointegration test statistics obtained from the 
Kansas and Omaha market comparisons. The 
coefficient on market type was not statistically 
different from zero (at the 5% level) for any of 
the fourteen test statistics for these two markets. 
Thus, cointegration market linkages do not ap- 
pear to differ between terminal and direct mar- 
kets. 


! Detailed results of the comparisons of spatial price differentials 
are available from the authors on request. 
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Table 3. Factors Considered to Influence Cointegration: Distance between Markets, Annual 
Cattle Slaughter, and Concentration Ratios, 1980-87 











Distance Average Anncal Cattle Slaughter* (thou. head) 
from E. Nebraska 
Market (miles)? 1980-81 1982-83 1984-85 1986-87 
E. Nebraska 5,766 5,355 5,461 5,638 
direct 
California 1,582 1,916 1,736 1,672 1,424 
direct 
Colorado 613 1,589 2,32 1,902 2,019 
direct 
Illinois 394 1,221 1,050 1,246 1,396 
direct , 
Iowa~S. Minn. 197 3,184 3,254 2,293 2,051 
direct 
Lancaster ZII 739 g3 983 1,074 
terminal 
Omaha 58 5,766 5,55 5,461 5,638 
terminal 
St. Paul 289 976 1, D1 1,055 1,006 
terminal 
Sioux City 125 3,184 3,254 2,293 2,051 
terminal 
Texas Panhandle 590 5,820 5,926 6,461 6,214 
direct 
W. Kansas 380 3,293 4,530 5,774 6,379 
direct 
Four-firm beef slaughter 
concentration ratios 40.9 £7.8 52.8 64.0° 
Sources: USDA, Ward. 
: , Average slaughter for the state in which the market is located (iowa is taken for the Icwa—S. Minnesota market). 
> Approximate miles are measured from cities in close proximity to the market under question. 
° Includes only 1986, concentration ratio for 1987 was not available. 
Table 4. Bootstrapped Coefficient Estimates for Cointegrztion Test Statistics 
Independent Dependent Variable 
Variable CRDW DF ADF RVAR 4RVAR UVAR AUVAR 
Market type —0.0924 —0.2708 0.1723 —8.9350 —0.6149 —9.9856 —1.9948 
(—2.20)** (—1.47) (1.00) (—4.12)* (—0.44) (—4.30)* (CLIS 
Packer CR, 0.0055 0.0128 0.0296 0.2822 0.3812 0.3065 0.3828 
(2.43)* (1.27) (3.09)* (2.30)* (4.68)* (2.52)* (3.89)* 
Relative —0.1812 —0.7988 —0.4108 —~6.9376 —4.3527 —7.1615 —5.4025 
slaughter (—2.95)* (—2.90)* (—1.60) (—2.18)* (—1.96)* (~2.11)* (—2.07)* 
Distance” —0.0001 —0.0005 —0.0004 -0,0058 —0.0027 —0.0057 —0.0022 
(=3.05)" (+2.38)* (—1.98)* (~2.45)* (—1.61) (~Z.21)* (—1.10) 
Intercept 0.4918 4.1960 1.6280 19.0730 —5.5408 20.4230 —0.7694 
(3.92)* (7.45)* (3.05)* (2.87)* (—1.24) (3.04)* (0.14) 
R-squared 47 34 29 53 A4 54 .40 


* Numbers in parentheses are t—ratios. An asterisk indicates significance at the 5% leve. 


> Approximate distance from the eastern Nebraska market. 


The four-firm packer concentration ratio is 
highly significant in most cases and is positive 
in every case for the eastern Nebraska market. 
Similar results were obtained for western Kan- 
sas and Omaha in which twelve of the fourteen 
coefficients on the packer concentration ratio were 
positive. This result suggests that increasing 


concentratior in the beef-slaughter industry may 
have been paralleled by enhanced spatial market 
cointegration, and thus greater spatial efficiency 
of regional cettle markets. Alternatively, this re- 
sult may imply an increased tendency toward 
collusive basing-point pricing strategies in re- 
gional cattle markets. | 
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Relative slaughter volume in the region had a 
negative effect on cointegration, suggesting that 
smaller markets exhibit a greater degree of spa- 
tial price dependence than do larger markets. The 
impacts of relative slaughter volume in the Omaha 
market were consistent with those of eastern 
Nebraska in that five of the seven tests had sig- 
nificant, negative coefficients on the relative 
volume variable. Conversely, none of the rela- 
tive slaughter volume coefficients were signifi- 
cant for the western Kansas market. Finally, the 
most consistent result across all markets was that 
the degree of price cointegration between two 
separated markets is negatively influenced by the 
spatial distance between the markets. Twenty of 
the twenty-one coefficients on the distance vari- 
able were negative with fourteen of the twenty 
significant at the 5% level. This result is con- 
sistent with the decaying nature of spatial. link- 
ages over increasing distances (Mulligan and Fik). 

In all, these results support prior suspicions 
that spatial market linkages have been enhanced 
by recent structural developments in the live- 
stock industry. Increased industry concentration 
has coincided with greater cointegration. Re- 
gional market pricing performance also is influ- 
enced by distances between markets and slaugh- 
ter volumes. 


Concluding Comments 


Overall, cointegration is limited in regional cat- 
tle markets. Empirical tests indicate that re- 
gional fed cattle prices have not been fully coin- 
tegrated during the 1980s. That is, the prices 
across different market regions have exhibited 
periods of moderate divergence between one an- 
other. Does this suggest market inefficiencies? 
Or, does this imply the absence of noncompe- 
titive basing-point pricing practices? Finally, why 
are certain pairs of markets highly cointegrated 
while others are not? If the last question can be 
addressed, at least in part, then perhaps some- 
thing has been learned about spatial fed cattle 
price relationships. 

Markets separated by long distances have lower 
degrees of cointegration than do markets in close 
proximity. Markets separated by long distances 
are most likely linked in an indirect distance- 
decaying relationship through markets located 
between them. In this regard, a series of price 
changes may spread across spatial markets with 
a degree of lag. Given the high costs and risks 
associated with transporting fed cattle over long 
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distances, markets separated by long distances 
may have prices which diverge from each other 
for extended periods. This divergence, how- 
ever, may be warranted by market conditions 
and may not be large enough to permit profit- 
able trade through regional movements of cattle. 

Cointegration has increased over time in the 
markets analyzed in this study. This increase in 
cointegration has paralleled increasing concen- 
tration in cattle slaughtering. Based on these re- 
sults, one cannot conclude that increased con- 
centration implies increased cointegration of 
markets. However, because the largest packers 
compete for fed cattle in the same market re- 
gions, it is reasonable that increased concentra- 
tion reduces trade and information costs across 
markets and may contribute to spatial cointe- 
gration in the markets in which these firms com- 
pete. Moreover, packers may have coordinated 
price behavior across regions as market concen- 
tration has increased. 


[Received November 1989; final revision 
received May 1990.] 
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A Comparison of Video Cattle 
Auction and Regional Market Prices 


DeeVon Bailey, Monte C. Peterson, and B. Wade Brorsen 


The number of cattle sold through video auctions has increased substantially during the 
past five years. The nation’s largest video cattle auction offered over 450,000 cattle for 
sale in 1988. This study compares price differences between the nation’s largest satellite 
video cattle auction and three large regional auctions. Prices for both the regional and 
video auctions were adjusted for quality differences, transportation costs, commissions, 
and days to delivery. Net prices paid by buyers and received by sellers in video 
auctions exceeded the prices for three major regional auction markets. 


Key words: cattle, regional auctions, transactions costs, video auction. 


Video auctions are selling increasingly large 
numbers of cattle. Superior Livestock Auction 
(SLA), the nation’s largest satellite video cattle 
auction, sold more than 270,000 cattle in 1987 
and more than 450,000 in 1988. The SLA is 
projected to be the largest cattle auction of any 
kind by 1990 (Scharlier). 

Acceptance of any pricing method depends on 
the motivations of buyers and sellers (Buccola). 
Sellers will want to use video cattle auctions if 
they provide relatively high prices and a reliable 
market. Economic theory suggests that video 
auction prices may indeed be higher than tra- 
ditional auction prices. Satellite video auctions 
reduce travel time and expense for buyers who 
can bid from remote locations. Video cattle auc- 
tions can also reduce buyers’ search time since 
they can offer a large number of cattle quickly.' 
For example, SLA offered over 90,000 cattle 
for sale during a two-day auction in 1988 
(Scharlier). Using video auctions reduces health 
problems because cattle are not mingled with 
those from other lots and are transported to only 
one destination. 


The authors are an associate professor and a research assistant, re- 
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an associate professor, Department of Agricultural Economics, Pur- 
due University. 
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Despite these benefits, many buyers and sell- 
ers, as well as institutions, are concerned about 
the economic viability of the video auction as 
opposed to that of more traditional auctions. For 
example, because of a state policy requiring 
economic need or benefit to be demonstrated 
before licensing new cattle auctions, North Da- 
kota refused a business license to SLA in 1986. 
At that time no statistical evidence was avail- 
able to document the benefits of video cattle 
auctions. In addition, buyers and sellers are 
concerned about prices of the cattle sold through 
video auctions relative to prices in other mar- 
kets. 

The effect of electronic marketing systems’ 
on structure and relative prices has been studied 
extensively (Sporleder; Sporleder and Mahoney; 
Ward; Rhodus, Baldwin, and Henderson and 
others). However, no study has examined rela- 
tive prices of satellite video cattle auctions and 
traditional auctions. 

Visual information provided by video auc- 
tions may be superior to the information about 
standard grades and quality factors provided by 
electronic markets. This may partly explain the 
general failure of electronic livestock markets 
while electronic marketing of alfalfa hay and 
cotton has been successful. Also, because video 
auctions operate similarly to traditional live- 
stock auctions, buyers may feel more comfort- 
able with them than with other electronic mar- 
kets. 

This paper compares the prices received for 
cattle sold through video auctions with prices 
received for cattle sold in three large traditional 
regional auctions. It also provides previously 


Copyright 1991 American Agricultural Economics Association 


466 May 199] 


unavailable descriptive information about video 
cattle auctions. 


Description of Video Cattle Auctions 


Video auction cattle presentations consist of two 
compcnents—the video or visual component and 
the sales catalogue or written component. A $2.00 
per head videotaping fee is included in the sales 
commission unless the seller rejects the bid, in 
which case the seller forfeits the taping fee. The 
taping is done by one of SLA’s regional rep- 
resentatives. Thus, the integrity of the video 
auction is heavily dependent on the integrity of 
its regional representatives. Sales catalogue de- 
scriptions are prepared by the video auction 
company and the seller when the cattle are vi- 
deotaped. 

Videotapes of about two-minute duration are 
shown while an auctioneer solicits bids. Buyers 
must register in advance of the sale and undergo 
a credit check in order to participate. Buyers may 
bid either in person or by telephone from any 
location where the satellite transmission can be 
received. SLA used two separate central loca- 
tions (Denver and Ft. Worth) for its auctions in 
1987, with most fall sales held in Denver and 
all others in Ft. Worth. 

The video auction representative oversees de- 
livery. Completed sales become cash forward 
contracts since all cattle are sold for future de- 
livery. Although the video auction representa- 
tive is responsible for ensuring contract com- 
pliance by both buyer and seller, buyers are 
permitted to be present at delivery and may at- 
tempt to influence which cattle are actually de- 
livered. This may be a problem if prices decline 
before delivery. SLA believes that most larger 
volume buyers hedge their cattle purchases, but 
smaller buyers may not. Consequently, most of 
the few disputes that have arisen at delivery are 
with small volume purchasers (J. Odle, Superior 
Livestock Auction, personal communication, Jan. 
1990). 


Reasons for Price Differences between 
Market Types 


Markets for specific agricultural commodities 
differ by space, structure, time of delivery, and 
quality (Buccola, Schroeder et al., Janssen and 
Shane, Bailey and Brorsen, Faminow and Gum, 
and others). Differences examined here are due 
to the markets, not to space, quality, or time of 
delivery. 
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Several cifferences between video and re- 
gional auctions suggest video auctions may sell 
cattle at prices higher than regional auction prices. 
The most obvious difference affecting prices is 
in transactions costs (transportation, shrink, and 
commissions). If transactions costs are low, 
sellers coulc actually receive a relatively high 
net price in 2 particular market at the same time 
buyers pay a relatively lower net price in the 
same marke’. If lowered transactions costs re- 
duce their net prices, buyers may bid higher at 
video auctions than they would at regional auc- 
tions. 

Cattle sold through video auctions do not need 
to be shippec to a central location as they do for 
regional auctions. This saves on both trucking 
costs and shonk. Video auctions may also have 
a more competitive market structure than tra- 
ditional aucttons have. More buyers and sellers 
usually participate in SLA auctions than in the 
regional auctions, which is indicative of the large 
area served by SLA and its relatively large sales 
volume (table 1). Hamm, Purcell, and Hudson 
found anony-nous bidding such as the video 
auction uses tends to increase cattle prices. Larger 
sales volumes and anonymous bidding suggest 
prices at the video auction may be higher than 
traditional auction prices. 

Feedlot operators often perceive cattle sold 
through traditional auctions as being “severely 
stressed and treaking with disease immediately 
upon or soon after arrival” at the feedlot (Poll- 
reisz, p. 24). Cattle bought directly from the farm 
tend to have “ewer health problems than cattle 
sold at regional auctions (Pate). Buyers should 
be willing to pay higher prices for healthy cattle 
than for severely stressed cattle. 

Video auction catalogues provide buyers with 
important information usually unavailable in 
traditional auctions, including vaccinations re- 
ceived, place of origin, and current feed (see 
fig. 1). This information could reduce buyers’ 
death losses, -educe veterinary costs, and in- 
crease feedlot efficiency. 


Video and Rezional Auction Data Collection 
and Analysis 


The 1987 sales catalogue data and accepted bid 
prices for each lot of cattle were gathered from 
the SLA. In 1937, more than 335,000 head were 
offered for sale via fourteen satellite video cattle 
auctions (table 2). SLA prices were compared 
to prices at three regional markets. 

The Oklahoma City, Oklahoma (OKC); Gree- 
ley, Colorado; and Dodge City, Kansas, re- 
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Table 1. 
Auctions, 1987 
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Average Number of Buyers and Estimated Commissions for Regional and SLA 





Sales 
Commissions 
Day of the Average Number and Other 
Week Most of Buyers Major Buyers Deductions For 
Sales Held Viewing Auction Attending’ Yearling Steers 
2% of gross sales 
SLA” Saturday 225° 30 + 1,50/head* 
OKC Monday 30 15 $7.34/head 
2% of gross sales 
Greeley‘ Tuesday 50 15 + 1.50/head 
Dodge City? Wednesday 50 20 $7.20/head 


* Buyers who frequently buy relatively large numbers of cattle. 
> Estimates provided by SLA. 


° Average number of registered buyers with SLA. Of this number, 60-80 will actually buy cattle at an average sale. During 1988, 1,507 
sellers consigned cattle to SLA and 372 different buyers purchased cattle. 

* The $1.50 per head is estimated cost of beef board deduction and inspection. 

° Estimates provided by Oklahoma National Stockyard Company for yearling steers, (personal communication, May 1989). 

f Estimates provided by Greeley Producer Livestock Auction, Greeley CO (personal communication, May 1989). 

* Estimates provided by Dodge City Winter Feeder Cattle Auction, Dodge City KS (personal communication, Feb. 1990). 


gional auction markets were selected for price 
comparisons with SLA based on their sales vol- 
ume, proximity to high-density feeder cattle 
populations, and the availability of reliable price 
data. As shown in table 1, the highest volume 
sales days for the OKC, Greeley, and Dodge 
City auctions were Monday, Tuesday, and 
Wednesday, respectively. Most SLA auctions 
were held on Saturdays in 1987. 

U.S. Department of Agriculture (USDA) per- 
sonnel report price ranges by sex for 100-pound 
increments at the OKC, Greeley, and Dodge City 
markets. The reporters estimate the price range 
for a given weight and grade class by attempting 
to identify a price pattern within that class. If 
lots do not fit the reporter’s established subjec- 
tive pattern for the grades (i.e., No. 1 or No. 2 


LOT #1410 
75 STEERS 


steers), then the prices for these cattle are either 
reported separately as a “package” or not re- 
ported. Bid prices for cattle that are sick, over 
filled, have physical defects or excessive hair or 
dirt, dairy or other “non-typical” breeds are also 
excluded by USDA reporters when price ranges 
are established (USDA AMS, Market News Div., 
Greeley CO and Oklahoma City OK, personal 
communications, 1989). SLA’s sales catalogue 
reported no cattle with physical defects or ex- 
cessive hair or dirt. All lots of dairy cattle were 
eliminated from the SLA data to maintain con- 
sistency between SLA’s reported prices and those 
reported by USDA for the regional auctions. 
The midpoints of USDA’s reported price 
ranges at the regional auctions on their highest 
sales volume day of the week are compared to 


Arlo Eastman 
BASE WT:700# 


LOCATION: Woodruff, UT—-393 miles W of Cheyenne, WY. 


DESCRIPTION: Herefords. 
ORIGIN: Native 

FRAME: Medium 

EST. WT. VAR.: Uneven 
FEED: Pasture with no supplement of any kind. 
DELIVERY DATE: Oct. 1-10, 1987. Seller’s option. 


BWF. Blacks and a few BeefMaster cross. 


FLESH: Medium to Light 
HORNS: None 


WEIGHING COND: Cattle will be gathered into dry lot by 8:00 A.M., hauled 15 miles. Unloaded and weighed in Ross 
Jackson scales in Randolph, UT. on the ground with a 2% pencil shrink. 


SLIDE: .03 over 725 Ibs. 


COMMENTS: Steers have not been implanted. A nice set of light yearling steers. 


REPRESENTED BY: Jerry Goodwin 


PRICE BUYER 


Figure 1. Sample of SLA catalogue entry 
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Table 2. Selected Characteristics of SLA 
Video Cattle Auctions for All Lots, 1987 





Total 


Characteristic 
Total number of lots 2,222 
Total number of cattle 

offered for sale 335,654 
Total number of cattle 

sold 271,079 
Total number of light 

steers offered for sale 

(under 600 Ibs.) 68,070 
Total number of light 

feeder steers sold 57,851 
Total number of heavy 

feeder steers offered 

for sale (600—800 

Ibs.) 91,624 
Total number of heavy 

steers sold 75,855 
Average lot size (head) i50 
Average estimated 

weight per head 

(ibs.) 613 
Average days to 

delivery 39 
Average miles shipped 

after sale 471 


the bid prices actually accepted by sellers at SLA 
(USDA AMS 1987). For example, price com- 
parisons for steers sold through SLA weighing 
between 600 and 699 pounds were made against 
the midpoint price for 600- to 700-pound steers 
at the three regional markets during the week 
following each SLA auction, while video auc- 
tioned steers weighing from 700 to 799 pounds 
were compared to the reported regional mid- 
points for 700- to 800-pound steers.’ 


Method for Expressing Seller and Buyer 
Prices 


Transactions costs such as trucking and shrink, 
commissions (usually paid by the seller), and 
other price and/or weight adjustments, such as 
pencil shrink, cause seller’s and buyer’s prices 
to differ.’ Consequently, prices are examined 
from both the seller’s and buyer’s point of view. 
Since costs are not equal across markets, net 


2 An examination of the reported price ranges for the three re- 
gional auctions for the weeks preceding and following each SLA 
sale revealed these ranges to be relatively narrow (the narrowest 
range was $3.88/cwt and the widest range was $6.38/cwt during 
1987). The Dodge City data from Kansas State University revealed, 
after eliminating sick, physically defective, and dairy cattle, that a 
range of about $10/cwt existed for the same weight categories. 

3 Pencil shrink refers to a systematic downward weight adjust- 
ment on cattle designed to make weights at the seller’s location 
approximately equivalent with regional auction weights. 
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prices are derived and used for comparisons. The 
expected nei price per hundredweight received 
by sellers ard paid by buyers in any particular 
market can te expressed by the following equa- 
tions: 


(1) SNP,= BPA — PS) — STC —C, 
(2) BNP; = BP (1 — PS) + BIC, 


where SAP; and BNP; are the seller’s and buy- 
er’s net prices, respectively, for the ith lot of 
cattle. BP; is the successful bid or buy price of- 
fered by the buyer to the seller, PS is the per- 
centage penci. shrink in decimal form or any other 
systematic adjustment to price in a particular 
market. STC and BTC are transportation costs 
(trucking and shrink) for the seller and buyer, 
respectively, and C is commissions. 

Video auct:on cattle sold in 1987 were deliv- 
ered from a rew days up to nine months after 
sale. Feeder cattle futures prices were used to 
adjust buyers’ and sellers’ net prices for differ- 
ent delivery cates. Futures market prices serve 
as a standard of price comparison in the feeder 
cattle industry (Just and Rausser), and cash prices 
adjust quickly to changes in futures prices (Oel- 
lermann et al ). The prices are adjusted using 
the spread between the nearby feeder cattle fu- 
tures contract and the futures contract for the 
contract closest to but not preceding the SLA 
delivery date. Only prices for steers sold through 
the video auc:ion weighing between 600—800 
pounds were used in order to coincide weight 
specifications for the feeder cattle futures con- 
tract. 

The seller’s and buyer’s net price after ad- 
justment for transactions costs, quality, and de- 
livery dates for cattle sold through the video 
auction cam be expressed as 


(3) ASNP,, — SNP; + [NBF +; ae {FP 5-1 


+ FPys42)/2}] — QD, 
(4) ABNP;, = BNP, + [NBF,.; ~ (FP; 


ni FP 5142) /2}) — QD, 


where ASNP,, and ABNP;,, are the seller’s and 
buyer’s adjusted net prices in dollars per hun- 
dredweight for the ith lot of cattle sold at time 
t. NBF,,; is the closing quote for the feeder cat- 
tle futures contract closest to maturity j days af- 
ter each video auction where j corresponded to 
the number of days between the SLA and re- 
gional auction zales (i.e., j = 2 for OKC, j = 
3 for Greeley, and j = 4 for Dodge City). FP,,_, 
and FP,,,, were the closing quotes for the pre- 
ceding Friday aud following Monday feeder cat- 
tle futures contract for the contract closest to but 
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not preceding the delivery date (contract f), re- 
spectively. Friday’s and Monday’s futures prices 
were used since all but one of SLA’s sales were 
held on Saturday when no futures quote was 
available. QD represented an adjustment for any 
quality differences that may exist between the 
two types of markets. 


Adjustment for Transactions Costs 


The transportation costs and commissions de- 
fined in equations (1) and (2) are not equal across 
markets. The distance cattle were shipped after 
the video auction sale was obtained from SLA. 
Distances for the seller’s location to the regional 
auctions and from the regional auctions to the 
location designated by the buyer are on SLA’s 
shipping records. Buyer’s and seller’s transpor- 
tation costs were estimated for cattle sold at the 
video auction. Transportation costs that would 
have been incurred by buyers and sellers had the 
cattle been sold at regional auctions instead were 
also estimated. 

Buyers’ and sellers’ prices in OKC, Greeley, 
and Dodge City are compared only with prices 
of cattle sold through video auction that were 
within the assumed market areas of the regional 
auctions.” 

Transportation costs include both trucking fees 
and shrink. Potential trucking fees were esti- 
mated as the average rates of a large western 
trucking firm in 1987, which were $2.00 per 
loaded mile for distances of less than 150 miles 
and $1.85 per loaded mile for distances exceed- 
ing 150 miles (Chuck Webb, L. W. Miller 
Transportation, Logan UT, personal communi- 
cation, Nov. 1988). Shrink was estimated by the 
method given in Minish and Fox. Their shrink 
equation is as follows: 


(5) Shrink % = 3.0 + .0061 (MILES), 


where Shrink % is the percentage shrink, and 
MILES is the distance cattle are trucked. Sell- 
er’s potential shrink losses from shipping to a 
regional auction were calculated as the product 
of the regional midpoint price for the appropri- 
ate weight range and equation (5) using the 
mileage (MILES) from the seller’s location to 
the regional market. This figure was adjusted 
downward by 25% to account for reductions in 


^ An industry expert estimates cattle will usually not spend more 
than eight hours in transit to a regional auction (Steve Reed, West- 
ern Livestock Marketing Project, personal communication, Dec. 
1988). Also, comparison of prices for lots outside of the market 
areas yielded basically the same results that are reported in this 
paper. However, the variability in prices was greater. 
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shrink when cattle are allowed to eat and/or drink 
after arrival at the auction and before sale (Min- 
ish and Fox). 

Buyer shrink costs for cattle purchased through 
the video auction were calculated as the product 
of the video auction bid price adjusted for pencil 
shrink and equation (5) using the distance from 
the seller’s location to the shipment destination 
designated by the buyer. This figure was then 
adjusted downward by 50% since excretory shrink 
will be gained back quickly after arrival (Minish 
and Fox). Potential buyer shrink costs had the 
cattle been purchased at a regional auction were 
also calculated as the product of the regional 
auction midpoint prices and equation (5) using 
the distance from the regional auction to the 
shipping destination selected by the buyer for 
each SLA lot. The shrink rate of cattle from the 
regional auction is expected to be only about 60% 
of the rate of cattle shipped to the regional auc- 
tion by the seller (Norris J. Stenquist, Utah State 
University, personal communications, Feb. 
1990). Therefore, estimated buyer shrink costs 
in equation (5) were adjusted downward by 70% 
for shipping cattle from the regional auctions. 
Regional auction prices (BNP) are adjusted 
downward by the percentage shrink that would 
have been incurred by the seller in shipment to 
the regional auctions. This adjustment accounts 
for higher prices being paid for “pre-shrunk” 
cattle at the regional auctions and makes -prices 
for current delivery at the two types of markets 
approximately equivalent except for transac- 
tions costs differences. 

Since the buyer pays transportation costs in 
the video auction, video auction sellers’ net prices 
[equation (1)] need not be adjusted for shrink 
and trucking costs (i.e., TC = 0). However, the 
seller usually offers pencil shrink in a video auc- 
tion (PS > 0) to make weights approximately 
comparable to weights at traditional auctions. 
Seller’s net prices at regional auctions were ad- 
justed for the potential transportation costs from 
the seller’s location to the regional auction. 


Adjustments for Quality 


Concerns about possible quality differences be- 
tween the markets prompted an investigation of 
average quality characteristics of cattle sold in 
the video and traditional markets. No informa- 
tion was available for individual lots sold in either 
Oklahoma City or Greeley. However, data as- 
sembled by Kansas State University provided 
individual lot characteristics of cattle sold at 
Dodge City during March and April of 1987 


470 May 1991 


(Schroeder et al.). An industry expert stated that 
there was no reason to believe that lot charac- 
teristics should vary substantially between the 
Dodge City and the OKC auctions (Michael 
Sands, Western Livestock Marketing Project, 
personal communication, Nov. 1988). Support- 
ing this conclusion, average lot sizes were quite 
similar for the two auctions, with OKC and 
Dodge City averaging thirteen and twenty head 
per lot, respectively (USDA AMS Mkt. News 
Div., Greeley CO, personal communication, 
Nov. 1989; Schroeder et al.). The Dodge City 
data represented all lots sold through that auc- 
tion during these months. To be consistent with 
both the SLA data and USDA’s reporting meth- 
ods for the other auctions (OKC and Greeley), 
Dodge City lots with physically defective or sick 
cattle, dairy cattle, and those with excessive mud 
or hair were eliminated from the study. 

The process for determining the impact of 
quality on auction cattle prices in a particular 
market is well documented in the literature. A 
hedonic specification such as this regresses prices 
on quality and market characteristics in a form 
similar to that used by Schroeder et al. and given 
below 

K L 
(6) P,=a+ Y hLCyu+ >) gMCu + e; 


k=] [=] 


where P; is the price of the ith lot of cattle in 
dollars per hundredweight, LC, is the kth lot 
characteristic, MC, is the /th market condition, 
a is the intercept, h and g are parameter esti- 
mates, and e is an error term. 

The parameters of equation (6) were esti- 
mated for lots of steers weighing between 600 
and 800 pounds that were sold through the video 
auction and represent the money values of dif- 
ferences in the individual quality and market 
characteristics. The vector of parameter esti- 
mates was then multiplied by the vector of av- 
erage observed values for the physical attributes 
and market conditions of the steers sold by SLA 
and those sold in Dodge City. The difference 
between this average predicted price provided a 
measure of the relative difference in the price 
per hundredweight (cwt.) of cattle sold in the 
two markets (SLA and Dodge City) based on 
quality. This differential was also assumed for 
the OKC and Greeley markets.” 


5 This procedure assumes the hedonic price structure is the same 
for all markets. The parameters of equation (6) were also estimated 
for the Dodge City data. The signs and magnitudes of the coeffi- 
cients were basically the same as those obtained using the SLA data 
with the exception of lot size. 
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The averege quality differential between the 
Dodge City and SLA lots was $0.34 per hun- 
dredweight. This figure ($0.34/cwt.) was sub- 
tracted from the video auction price to compare 
prices for cattle of equal quality at both the video 
and three regional auctions [QD in equations (3) 
and (4)}. . 


Tests 


A paired t-test (Chou, p. 334) was used to test 
for significant differences between the seller’s 
adjusted net price at the video auction [ASNP in 
equation (3)] and the net price that would have 
been received had the cattle been shipped for 
current deliv2ry to a regional auction [SNP in 
equation {1)] The tests were performed for cat- 
tle sold through SLA and lying within each re- 
gional marke: area. 

A paired t-test was also performed to deter- 
mine if the adjusted buyer’s net price [ABNP in 
equation (4)] was significantly different from the 
estimated net price the buyer would have paid 
had the cattle been purchased at one of the three 
regional auctions instead [BNP in equation (2)] 
and shipped from the regional auction to the 
destination specified by the buyer on SLA’s 
shipment reccrds. 

Price trends were not expected to have much 
effect on prices separated by only three days. 
Also, the ad-ustment using futures prices in 
equations (3) and (4) should remove any such 
possible effect. Nevertheless, we conducted a 
fragility test of the results by comparing the re- 
gional auction prices for the week previous to 
the SLA auction. The overall results were un- 
changed. However, average regional auction 
prices were slizhtly lower for the week previous 
to our comparison, indicating a positive price 
trend. A further investigation of price trends us- 
ing daily futures prices showed that prices trended 
upward about 50.03 per hundredweight per day 
during 1987, rot enough to affect the results. 


Results 


Table 3 gives the parameter estimates for equa- 
tion (6) and video and Dodge City auction av- 
erage quality characteristics of 600- to 800-pound 
steers. The steers sold by the video auction were 
slightly heavier than those sold in the Dodge City 
auction. Breeds were more highly aggregated for 
the video sales than for Dodge City sales, and 
67% of video lots were predominantly English- 
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Table 3. Parameter Estimates for Hedonic Pricing Model for Video Auction [Equation (6)] 
and Average Quality Characteristics for 600—800 Ib. Steers at the Dodge City and SLA Auc- 


tions 
Independent Parameter Dodge 
Variable Estimate City SLA 
Intercept 24.665 
(7.31)*** 
Nearby futures price ($/cwt) 0.931 69.43 69.74 
(30.37)** 
Number in lot (head) 0.004 20.9" 180.3 
(1.84)* l 
Number squared —0.000 1,051.99" 60,604.1 
(1.04) 
Average weight per head (Ibs .) —0.026 699.4" 718.2 
(—10.05)** 
Not uniform lots? —0.107 02" 317 
(—:37) 
Homs? -1.611 .076" .009 
(—1.20) 
Mixed horns* —0.42 .203 .160 
Predominant Breed:* 
English-cross 0.523 287° 145 
f (0.381) 
Exotic-cross —1.063 166° 71 
(—0.77) 
English-exotic cross 0.234 346° .670 
(0.17) 
Angus —3.841 051° .002 
(—1.29) 
Frame; 
Large 4.036 .051° .071 
(3.57)** 
Medium-Large 2:141 880° .438 
(2.09) 
Medium 1.611 .070° 469 
(1.58) 
Flesh:’ 
Heavy —4.756 .010 .005 
(—2.25)** 
Medium Heavy —4,225 .130 .162 
(—4.15)** 
Medium ~4.147 .840 719 
| ~4.24)** 
Light-Medium ~4.444 010 090 
(—4.20)** 


*t-values are in parentheses; single asterisk denotes significantly different than zero at 10% confidence level, double asterisk denotes 


significantly different than zero at 5% confidence level or better. 
> Binary variable equal to 1 if a nonuniform lot, zero otherwise. 


€ Binary variable equal to one if entire lot is horned and zero otherwise. 
ê Binary variable equal to one if some cattle but not all in lot had horns and zero otherwise. 


° Binary variables for breed characteristics. Base was Herefords. 


f Binary variables for frame characteristics. Base was small-framed. 


t Binary variable for flesh characteristics. Base was light fleshed. 


® Denotes a significant difference between the average value for the regional and video auctions at the 5% confidence level. 


exotic crosses compared to only 35% of the lots 
sold at Dodge City. This resulted in a small pos- 
itive quality differential for the video compared 
to the regional auction cattle lots since English- 
exotic crosses received a premium over the base 


breed, Herefords. Average values for frame and 
flesh are similar in the two markets. 

A large portion of the difference in quality 
between the auctions resulted from differences 
in lot size. When a truckload of reasonably uni- 
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form cattle is shipped to a regional auction, they 
are typically sorted into smaller lots before being 
sold. While the average video auction lot size 
is 150, the largest lot sold in the Dodge City 
market was 116 head. Some arguments could be 
made that no adjustment should be made for the 
larger lot sizes in video auctions since the re- 
gional auction markets have no means of selling 
large lot sizes. The conservative approach is taken 
here by adjusting for lot size. 

Table 4 presents the unadjusted and the esti- 
mated adjusted prices paid by buyers and re- 
ceived by sellers in the different markets. SLA’s 
unadjusted prices were significantly lower than 
OKC and Dodge City prices during 1987 but 
were Easically equal to Greeley prices. How- 
ever, after accounting for differences ‘in trans- 
portation costs, quality, and different delivery 
dates, the seller’s adjusted net price was signif- 
icantly higher at the video auction than at the 
three regional markets (table 4). The average 
differences among SLA’s adjusted price and the 
adjusted prices at the other three markets were 
$0.95 per hundredweight, $3.36 per hundred- 
weight, and $1.48 per hundredweight at OKC, 
Greeley, and Dodge City, respectively. This 
means that, on the average, revenue from a 700- 
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pound steer would be between $6.65 per head 
and $23.52 per head higher through the video 
auction than at the traditional regional auctions. 

Buyers appear willing to pay significantly 
higher prices for cattle purchased at video auc- 
tions than foz those purchased at traditional auc- 
tions. This difference is generally smaller than 
the difference in sellers’ prices and was $0.66 
per hundred-weight at the OKC market, $2.41 
per hundred~weight at the Greeley market, and 
$1.69 per bundredweight at the Dodge City 
market. This indicates that buyers are willing to 
pay between $4.62 per head and $16.87 per head 
more for a 700-pound steer purchased through 
a video auction than for a steer purchased at a 
traditional rezional auction. 

Tables 5 and 6 report the average adjustments 
made to prices. These adjustments include shrink, 
trucking, commissions, quality, and delivery 
dates. The major reason sellers receive higher 
prices in the video auction than in traditional 
auctions is lewer transactions costs [line (e) of 
table 5]. For example, adjusted seller’s prices 
are $1.48 per hundredweight higher for video 
auction cattle than for Dodge City auction cat- 
tle, while seller’s transactions costs are $1.25 
per hundredweight lower for video auction cat- 


Table 4. Average Adjusted and Unadjusted Prices for Video and Regional Cattle Auctions 


for Sellers and Buyers 





Auction Market Area 


Variable OKC Greeley Dodge City 
wR ee enna meme naan tna mame (S/CWt.) -nnnnn-nn nee enna nen ene nn eee nen ene 

Observations 200 87 148 

Average unadjusted prices: 

(a) Regicnal auctions 72.55 72,20 72.10 

(b) Video auctions 70.46 72.53 71.29 

(c) Test tor difference in prices? 

[(b) — (a)] ~12.36**" 1.01 =d gA 

Average adjusted sellers’ prices: 

(d) Regional auction 67.66 66.82 67.70 

(e} Video auction 68.61 70.14 69.19 

(£) Difference in prices [(e} — (d)] 0.95 3.36 1.48 
(2.337 (1.87) (1.97) 

(g) Test for difference in prices* 5.0*+ 10.67** 9.13** 

Average adjusted buyers’ prices: 

(h) Regional auction 72.90 72.13 72.05 

G) Video auction 73.54 74.54 73.68 

(j) Difference in prices [(i) — (h)] 0.66 2.41 1.69 
(2.20) (3.03) (2.27) 

(k) Test cf difference’ 4.07** 7.42** 8.79** 


è t-statistic from a paired difference test. 


> Asterisks denote cases where the null hypothesis of no difference in means is rejected at the 5% level. 


€ Standard deviations are in parentheses. 
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Table 5. Sellers’ Estimated Average Transaction Costs and Adjustments for Quality and 
Delivery Dates for Video and Regional Auctions 





Auction 

Variable SLA OKC Greeley Dodge City 

wate cnn enn cnnnnn eee  ($/ewt.) -------------------------- 
(a) Pencil shrink 1.51 N/A N/A N/A 
(b) Commissions and fees 1.64 1.03 1.66 1.02 
(c) Trucking N/A 1.24 1.18 0.99 
(d) Shrink’ N/A 2.61 2.55 2.39 
(e) Total transaction costs” [(a) + (b) + (c) + (d)] 3.15 4.88 5.39 4.40 
(f) Transactions cost as a percentage of unadjusted prices 4.4 6.1 ee 6.7 
(g) Adjustment for quality” 0.34 N/A N/A N/A 
(h) Average adjustment for different® delivery dates N/A 1.65 1.09 1.39 


* Shrink also represents the downward adjustment to the adjusted buyers’ net price [equation (2)] to account for the preshrink of cattle 
sold at regional auctions. 

> Transaction costs are subtracted from sellers’ prices [equation (1)]. 

° The adjustment for quality is subtracted from the sellers’ price for the video auction. 

$ The adjustment for delivery dates is added to the video auction prices [equation (3)}. 


Table 6. Transportation Costs and Other Adjustments to Buyers’ Bid Prices 





Auction Market Area 


Variable i OKC Greeley Dodge City 
a (S/CWL.)  ----n nnn nee ene nn nn ee 

Average transportation costs: 

(a) Video auction? 3.21 2.72 2.79 

(b) Regional auction” 2.96 2.47 2.28 
Transportation costs as a percentage of unadjusted prices: 

(c) Video auction 4.6 3.8 3.9 

(d) Regional auction ` 4.1 3.4 3.2 
Average adjustments to prices for shrink: 

(e) Video auction® . 1.49 1.48 1.49 

(f) Regional auction* 2.60 2.54 2.39 
Average adjustment to prices for delivery dates: 

(g) Video auction? 1.65 1.09 1.39 

(h) Regional auction N/A N/A N/A 
Adjustment to prices for quality: 

(i) Video auction’ 0.34 0.34 0.34 

(j) Regional auction N/A N/A N/A 
Total average adjustment to buyers’ bid prices: 

(k) Video auction? [(a) — (e) + (g) — @)] 3.03 1.99 233 

(1) Regional auction? [(b) — (f)] 0.36 —0.10 —0.11 
Combined buyer and seller transactions costs 

as a percentage of unadjusted prices: 

(m) Video auction’ 9.0 8.1 8.3 

(n) Regional auction! l 10.8 10.9 9.4 


* Trucking and estimated shrink costs from sellers’ location to destination specified by buyer on SLA's shipping records. 

® Trucking and estimated shrink from regional auction to destination on SLA’s shipping records. 

° Pencil shrink specified in SLA’s sales catalogues. 

1 Estimated shrink incurred by seller if cattle had been shipped to the regional auction. This estimates the value to a buyer at a regional 
auction of cattle that have already experienced some shrinking. 

° Average spread basis between the nearby feeder cattle futures contract and the contract closest to SLA's deliveries. 

f Estimated quality differential between SLA and regional markets. l 

3 Subtracting this figure from the unadjusted video bid price yields (approximately) buyers’ adjusted vidso price. 

Subtracting this figure from the unadjusted regional auction bid prices yields (approximately) buyers’ adjusted regional auction price. 

"Seller average transactions costs at SLA $3.15/cwt. (table 5) plus buyer transactions costs [line (a)] divided by unadjusted SLA bid 
price {line (b) of table 4]. 

J Line (b) plus line (c) of table 5 divided by line (a) of table 4. 
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tle than for Dodge City auction cattle. Unad- 
justed video prices also reflected relatively large 
discounts for future delivery [line (h) in table 5]. 

Sellers pay about 6.1% of the value of their 
cattle to market them in Dodge City, 7.5% in 
Greeley, and 6.7% in OKC. However, sellers’ 
transactions costs are only about 4.4% of the 
value of the cattle at SLA, since sellers pay no 
trucking in the video auction (table 5). 

Buyers’ transportation costs are slightly lower 
from the regional auctions than from the video 
auction, since cattle are “pre-shrunk” (table 6). 
Transactions costs are substantial for both sell- 
ers and buyers at regional auctions. Combined 
buyer and seller transactions costs for the video 
auction average about 8.5% of the average un- 
adjusted bid. Combined estimated buyer and 
seller transactions costs average approximately 
10.4% of the unadjusted bid price for the re- 
gional auctions (table 6). Transactions costs are 
a significant percentage of value of cattle in both 
types of markets (video and regional), but trans- 
actions costs are slightly lower in the video auc- 
tion than in traditional auctions. This suggests 
that the video auction is somewhat more effi- 
cient in completing transactions than are tradi- 
tional regional auctions, since cattle are usually 
shipped fewer miles for video auctions. 

Adjusted video auction prices are higher than 
the OKC, Greeley, and Dodge City midpoint 
prices. While statistically significant, the dif- 
ference in buyer prices between OKC and the 
video auction is small. Thus, video auction prices 
are basically equal to prices at what is widely 
recognized as the highest priced, most compet- 
itive feeder cattle regional auction. The video 
auction offers sellers the advantages of lower 
shrink than available when using traditional auc- 
tions and zero trucking costs. 


Concluding Comments 


Buyer and seller acceptance of video auctions is 
growing. Video auctions offer some unique fea- 
tures that should generate interest from industry, 
government, and the research community. 

Satellite video auctions (as analyzed here) are 
national markets. Large numbers of cattle from 
numerous regional locations, with various weight 
and other characteristics are offered for sale. 
Consequently, these auctions could be a valu- 
able source of market information. 

Video auctions may provide buyers with more 
information about the history of cattle, type of 
feed, and vaccinations than traditional auctions 
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provide. One way of testing for relative ade- 
quacy of information within a market is to com- 
pare prices in different markets. This study found 
that net prices received by sellers and paid by 
buyers in the video auction exceeded reported 
regional market prices for the week following 
each video sale. 

For many cattle producers, video auctions ap- 
pear to provide higher net prices than regional 
auctions provide since trucking costs and shrink 
are reduced. Also, reduced health problems may 
allow buvers to offer higher prices for video 
auction cattle than for traditional auction cattle. 
Additionally, because video auctions reduce 
transportation costs, they represent a new source 
of competition with regional auctions where lit- 
tle within regional competition existed before. 
This is evidenced by the rapid growth of video 
auction sales volume. In fact, one concern is the 
impact of video cattle auctions on other mar- 
kets, particularly on regional and local auctions. 
Video auctions are likely to shrink the market 
area of the regional auctions. Sellers close to the 
regional auctions will have lower trucking costs 
than those in distant locations and may still re- 
ceive a higher net price in the regional market 
than through video auctions. Sellers with high 
trucking costs will find video auctions an at- 
tractive alternative to regional auctions. 


[Received February 1989; final revision 
received May 1990.] 
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Evaluating Prior Beliefs in a 
Demand System: The Case of Meat 


Demand in Canada 


James A. Chalfant, Richard S. Gray, and Kenneth J. White 


An almost ideal demand system for meats is estimated using Canadian data. A Bayesian 
approach is used to impose inequality restrictions on substitution elasticitis, via Monte 
Carlo integration and importance sampling, in order to conform with prior beliefs about 
curvature and monotonicity restrictions and substitution relationships. Results are more 
consistent with the concavity and monotonicity restrictions from demand theory than 


with the added restriction that all meats are substitutes. 


Key words: almost ideal demand system, Bayesian inference, inequality constraints, 


meats demand. 


The widespread use of flexible functional forms 
in demand analysis has given researchers the 
ability to model consumer preferences with no 
restrictions on the nature of substitution or com- 
plementarity relationships between pairs of goods. 
Unfortunately, theoretical restrictions automat- 
ically met by simpler forms need not hold with 
flexible forms, so estimated demand systems 
often conflict with prior beliefs. Symmetry and 
homogeneity restrictions may be violated when 
tested, but they are generally imposed using 
equality restrictions on the parameters of the 
model. 

More difficult are restrictions represented as 
inequality constraints. It is common to observe 
predicted budget shares outside the 0—1 inter- 
val, violating monotonicity, or violation of cur- 
vature restrictions, reflected in a matrix of elas- 
ticities of substitution between goods that is not 
negative semidefinite. Thus, the researcher who 
desires to approximate arbitrary preferences often 
ends up with an approximation that suggests that 
they are badly behaved. 
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In this paper we show how to impose the in- 
equality constraints of monotonicity and con- 
cavity of the consumer’s expenditure function, 
using an almost ideal demand system for per 
capita consumption of meats and fish in Can- 
ada. While one might expect that many of the 
factors affecting U.S. consumption have also 
been present in Canada, relative prices have not 
always been similar. In particular, while beef 
and pork are, to a large extent, freely traded be- 
tween the two countries, live poultry and poul- 
try meat are not. During the early 1970s, Can- 
ada introduced a supply management scheme 
under Article 11(c) of GATT. Under this scheme, 
domestic prices have been supported above U.S. 
prices through production quotas for producers 
within Canada and import quotas to restrict trade. 
As a result. some of the relative decline in rel- 
ative poultry prices that has occurred in the United 
States since 1970 was not observed in Canada. 

In addition to the inequality restrictions from 
ccnsumer theory, we suggest a new set of in- 
equality restrictions not generally imposed on a 
demand system, but which have a compelling 
motivation. It seems reasonable to expect that 
nc pair of foods that play essentially the same 
role in the diet should be complements. One 
thinks of coffee and cream or beef and gravy, 
but not beef and fish as complementary items. 
Yet, complementarity is common when flexible 
forms are estimated. In many applications, an 
intermediate case between the rigidity of Cobb- 
Deuglas or CES preferences and the flexible form 
would be desirable. 
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While inequality restrictions on the signs of 
elasticities of substitution are suggested by em- 
pirical observation, rather than the underlying 
theory, they seem just as important as compat- 
ibility with theory in judging the degree to which 
an estimated demand system conforms to prior 
beliefs about consumer behavior. For applica- 
tions such as this one, then, the constraint that 
all meats are substitutes can be viewed as an- 
other requirement that any well-behaved de- 
mand system must satisfy. 

We make use of a Bayesian approach based 
on Geweke’s (1986, 1988, 1989) work. He shows 
how to make inferences about or impose in- 
equality restrictions in regression models. Chal- 
fant and White used his method to impose cur- 
vature and monotonicity restrictions on the 
translog cost function but did not address re- 
strictions on individual elasticities of substitu- 
tion. 

There are familiar alternatives to imposing prior 
beliefs with the Bayesian approach. One can al- 
ways search over flexible forms to find one that 
is consistent with the desired restrictions but with 
the obvious consequences for inferences once a 
well-behaved demand system has been obtained 
(Judge and Bock). Alternatively, inequality re- 
strictions can be imposed through constraints on 
a maximum-likelihood estimation procedure. 
Unfortunately, such constraints are difficult to 
interpret statistically (e.g., Gallant and Golub, 
Hazilla and Kopp, Wolak); the usual likelihood 
ratio test does not apply, for instance. Even if 
testing the restrictions is not the goal, imposing 
inequality constraints in this manner is likely to 
yield parameter values that lie on one of the 
constraints. For instance, constraining a demand 
elasticity to be nonpositive may well produce a 
vertical demand curve if the constraint is bind- 
ing. Thus, a constrained maximum-likelihood 
approach is neither intuitively satisfying nor sta- 
tistically attractive. 

The next section discusses the almost ideal 
demand system. The Bayesian approach to in- 
equality restrictions then is described in detail, 
followed by the application to meats demand. 
The data are described and demand system es- 
timates are obtained for curvature and monoton- 
icity restrictions alone and then with the added 
restriction that all meats are substitutes. 


The Almost Ideal Demand System 


Demand theory suggests that the demand for a 
good should be a function of its price, the prices 
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of other goods, and income. In order to estimate 
demand relationships in a system of a reason- 
able size, it is common to invoke weak sepa- 
rability; choices concerning the allocation of ex- 
penditures among a subset of goods consumed 
are assumed to be made independently from the 
prices of goods outside that group. For exam- 
ple, the quantity of beef consumed is likely to 
be a function of the prices of beef, pork, chicken, 
fish, and total expenditure on meat but is not a 
function of the price of bananas. ' 

Whether or not it is appropriate to assume 
separability for a particular demand system is an 
empirical question. Theory suggests that any 
partial demand system representing the separa- 
ble parts of larger systems should satisfy the 
conditions of symmetry, homogeneity, mono- 
tonicity, and concavity. Indeed, one interpre- 
tation of these conditions not holding in an es- 
timated system is that the goods included in the 
demand system do not make up a separable 
group—a relevant price has presumably been 
omitted. Violation of those conditions also may 
indicate the presence of structural change, ag- 
gregation bias, or some other specification er- 
ror. 

Deaton and Muellbauer suggested the almost 
ideal demand system as a particular represen- 
tation of price-independent, generalized loga- 
rithmic (PIGLOG) preferences. Such prefer- 
ences are consistent with the aggregation of 
individual preferences. In addition, the func- 
tional form they chose is locally flexible in the 
sense used by Diewert and Barnett—it can at- 
tain arbitrary values for substitution elasticities 
at a given set of prices. 

The equations for budget shares take the fol- 
lowing form: 


M 
5; = a + ` Yy ln P; + Bin (x/P), 


j=l 


where P; is the jth good’s price, x denotes total 
expenditure on the M goods, and P is a price 
index. The specification of the underlying ex- 
penditure function introduced by Deaton and 
Muellbauer leads to the expression 
M 
In P = œ + >) a; InP, 


i=1 
M M 


+ 1/2 X, yy InP; nP; 


i=] j=l 


' Except, of course, to the extent that the prices of goods outside 
the group under study affect the total group expenditure, perhaps 
in a preliminary stage of allocating expenditures to aggregates such 
as meats, other foods, shelter, etc. cad 
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but this model, which is nonlinear in the param- 
eters, is usually not estimated (for an exception, 
see Georgantelis, Phillips, and Zhang). More 
common is to follow the advice of Deaton and 
Muellbauer and replace this expression for In P 
with Stone’s geometric price index 


M 
In P = Ý S, log P, 


k=] 


giving rise to an approximate almost ideal de- 
mand system that Blanciforti and Green (1983a, 
b) termed the linear approximate model because 
it is linear in parameters. 

For either model, a system of these share 
equations can be estimated to obtain parameter 
estimates, and simple formulas convert the pa- 
rameter estimates to elasticities. The system is 
easily restricted to satisfy symmetry (Y; = 
7 i,j) and homogeneity >a yy = OV). 
The adding-up property holds, given these re- 
strictions, provided that 2, a; = 1 and 3%, 6; 
= 0. Concavity or monotonicity restrictions are 
more difficult because they involve multiple in- 
equality restrictions on the parameters. For con- 
cavity, the matrix of second derivatives of the 
expenditure function, or equivalently, of elas- 
ticities of substitution, must be negative semi- 
definite. For monotonicity, predicted budget 
shares must all be between O and 1 to ensure 
that predicted quantities consumed are positive.’ 
Such restrictions are difficult to impose using 
most econometric packages and even harder to 
interpret statistically. 

As with other flexible functional forms, elas- 
ticities are not constant with respect to prices 
and expenditures. The income elasticity of de- 
mand for good i is 

“= Lt a 
Si 


for either specification of the price index. The 
Marshallian elasticity of demand for good i with 
respect to price j in the nonlinear model is 


1 M 
Ny = m [n - ba; -B >, mul P| 
j k=} 


i M 
SiE Yy — Ri a + >) yaln Py ? 


i k=] 


where ô; equals 1 when i = j and 0 otherwise. 


? Chapter 3 of Varian, or a comparable text, provides further de- 
tails concerning the restrictions from consumer theory. 
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The impliec compensated price elasticity (n¥) 
or elasticity of substitution (o;,) can then be ob- 
tained by manipulating the Slutsky equation in 
elasticity form: 

ng = S; oy = ny + SMi 


which yields, for the elasticity of substitution, 


ij — 6; 
oj= 1+ ee 
SS S; 
a; + > Yj In P, 
+=} 1-—— 
S, 5 


The term in square brackets disappears if Stone’s 
price index is used, leaving 

De ged 

SS; S; 


Green and Alston noted that the latter formula 
is obtained fcr the linear-approximate model only 
if the budget shares appearing in Stone’s price 
index are trected as exogenous, and they offered 
alternative formulas to accommodate this prob- 
lem. However, the Monte Carlo results in Fos- 
ter, Green, aad Alston show that, if the nonlin- 
ear model is viewed as the underlying demand 
system and tke linear-approximate model is in- 
deed viewed as an approximation, the simpler 
formula provides a good approximation. This can 
be seen by noting that for homothetic models 
(where each 6; = 0), the two formulas are iden- 
tical, and for nonhomothetic models, the dis- 
crepancy is likely small. 

A final practical advantage of the simpler for- 
mulas is that they remain consistent with the in- 
come elasticiry 7; above, whereas treating the 
budget shares in the price index as endogenous 
means that tre model no longer will be char- 
acterized by hese income elasticities. Deaton 
and Muellbauer noted that these elasticities were 
an advantage of the almost ideal model. In the 
application below, the simpler formulas are used, 
but the method would also apply with the “true” 
nonlinear model or the Green and Alston for- 
mulas. 


o;,=1+ 


The Bayesian Approach to Testing 
Inequality Restrictions 


An alternative approach to imposing inequality 
restrictions in a demand system is made possible 
using a Bayesian approach, which permits the 
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formal inclusion of such prior information. Often, 
prior information can be imposed by choice of 
functional form. An extreme case is the Cobb- 
Douglas utility function, which would impose 
all of the restrictions from consumer theory plus 
some less desirable ones, such as additivity of 
preferences and that elasticities of substitution 
are each one. The latter restriction might lead 
one to question the stability of a demand sys- 
tem, for instance, if substitution patterns in re- 
sponse to relative price changes were not con- 
sistent with the assumed elasticities. Thus, 
flexible functional forms are a preferred alter- 
native. 

Symmetry and homogeneity restrictions from 
demand theory represent prior information that 
is often imposed on flexible forms through 
equality restrictions on the parameters. Such re- 
strictions reduce the dimensionality of the pa- 
rameter space when demand systems based on 
these forms are estimated; the symmetry and ho- 
mogeneity restrictions, for instance, provide 
considerable gains in degrees of freedom. Prior 
information taking the form of an inequality re- 
striction is less informative than such equality 
restrictions, in the sense that this information 
serves to truncate the parameter space, rather than 
reduce the number of free parameters. For in- 
stance, a particular parameter @ may be re- 
stricted to be positive. Conventional approaches 
to estimation do not permit the formal inclusion 
of such information (e.g., Judge et al.), and most 
econometric packages do not permit such re- 
strictions to be imposed. 

The problem of prior beliefs that take the form 
of inequality constraints is easily handled in the 
context of Bayesian inference. The Bayesian ap- 
proach begins with a prior density function, de- 
fined over the vector of parameters, 0, call it 
p(@).° This prior density summarizes all of the 
information the researcher has about @ prior to 
estimation. Specifying p(@) permits the formal 
inclusion of information about the parameters. 
For instance, if a particular parameter is con- 
sidered equally likely to be positive or negative, 
a zero median characterizes the marginal prob- 
ability density function used to describe prior 
beliefs about that parameter. If there is no prior 
information about 0, p(@) is simply defined to 
be proportional to a constant over all real num- 
bers, thus making it an improper density and a 


3 See Zellner (1971) or Judge et al. for much more detailed de- 
scriptions of the properties of the Bayesian approach. An excellent 
introduction to inequality restrictions in the Bayesian framework is 
provided by Griffiths. 
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so-called “diffuse prior.” Alternatively, p(@) 
could be a proper density function that reflects 
various beliefs about @ in the form of probability 
statements. A very simple case is the prior p.d.f. 
which says that @ is contained in some region D 
with probability one: 


pay<c WOED, 


where « denotes “is proportional to”; D may be 
an open or closed interval, depending on the ap- 
plication. We consider below how such a prior 
density can be used to represent prior informa- 
tion about the parameters of a demand system. 

Bayes’ theorem shows how to combine prior 
and sample information to obtain a posterior 
distribution for the parameters in 0 given a data 
set y: 


F(8ly) = p(@) L(ly), 


where L(-) is the likelihood function based on 
the observed data. Unlike the sampling-theo- 
retic approach to estimation, the Bayesian ap- 
proach recognizes that posterior beliefs are con- 
ditional on the observed data set rather than 
emphasizing the performance of estimators in 
repeated samples. 

The posterior distribution f(0|y) summarizes 
all information available about 6, both prior and 
sample information. It can serve as the end re- 
sult of an investigation, or it can be used to cal- 
culate confidence intervals and probabilities re- 
lated to hypotheses about @ or to obtain a point 
estimate of 6 or some related quantity such as a 
demand elasticity. The optimal point estimate 
for 6 depends on the investigator’s objective 
function. Constrained maximum-likelihood es- 
timation, which yields the mode of the posterior 
distribution as a point estimate, corresponds to 
a “zero-one” loss function (e.g., Zellner 1988). 
This is an implausible loss function, in that it 
places the same weight on being wrong for es- 
timates arbitrarily close to the true @ and for 
choices very far from that value. More reason- 
able loss functions can be imagined, and dif- 
ferent point estimates will result. For instance, 
if the investigator’s loss function is quadratic, 
the mean of the posterior distribution for 6 min- 
imizes expected loss (e.g., Judge et al.). All that 
is needed, then, to find Bayesian point estimates 
of the parameters of a demand system is a means 
to describe prior beliefs in the form of inequality 
restrictions using p(@), a way to obtain the pos- 
terior density function, and then a way to find 
its mean. 

Below we illustrate this approach using the 
quadratic loss function. With the inequality re- 
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strictions imposed, it is straightforward to ob- 
tain the mean of the posterior distribution, call 
it 9. This serves as the optimal point estimate 
of the parameters of the demand system. 

Also of interest is some measure of the plau- 
sibility of the restrictions, given the data. Sup- 
pose prior beliefs are completely uninformative; 
that is, all parameter values are considered equally 
likely. In this case, the sample information 
dominates the posterior density function and an 
optimal point estimate is the mean of the (un- 
restricted) posterior distribution. The probabil- 
ity that the restrictions are correct can be cal- 
culated using the unconstrained posterior density. 
This probability is interpreted as the degree of 
belief that the restrictions are true, based on ob- 
served data, found by obtaining the probability 
that 6 lies in D. 

Both restrictions on the signs of substitution 
elasticities and restrictions on the entire matrix 
of substitution elasticities, to satisfy curvature 
restrictions, can be examined by calculating 
substitution elasticities. To evaluate these in- 
equality restrictions, then, the behavior of elas- 
ticities of substitution must be examined every- 
where in the parameter space where the researcher 
wishes to impose them. Similarly, the mono- 
tonicity restriction can be evaluated using pre- 
dicted budget shares. Each set of restrictions is 
then imposed by truncating the parameter space 
so that each restriction holds. To obtain a 
Bayesian point estimate (with a quadratic loss 
function), the researcher must find the mean of 
the truncated posterior distribution for the pa- 
rameter vector. 

While these calculations are in principle 
straightforward, requiring that integrals over the 
postericr density function be evaluated, the an- 
alytic solutions cannot be obtained in practice, 
except for fairly simple models. The dimension 
of the posterior density is likely to be too great, 
even if the density function and the region of 
the parameter space of interest can be described 
easily. Instead, it is necessary to evaluate the 
integrals using Monte Carlo integration. This 
permits estimating, the solutions to integrals by 
random sampling.* 

To describe the method, we begin by speci- 
fying a data-generating process. We assume that 
prices and expenditures may be treated as ex- 
ogenous, so that the parameters of the system 


t Kloek and van Dijk, van Dijk and Kloek, and Geweke (1986, 
1988, 1989) provide the foundations for the Monte Carlo integra- 
tion and importance sampling, described below. The application to 
demand systems follows the discussion in Chalfant and White. Gal- 
lant and Monahan; and Barnett, Geweke, and Yue have also fol- 
lowed a Bayesian approach to demand system estimation. 
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of M — 1 equations for budget shares could be 
estimated using seemingly unrelated regressions 
(SUR). As ss well known, the equation for the 
Mth budget share cannot be included without 
implying a singular contemporaneous covari- 
ance matrix for the error terms in the M share 
equations (Earten), but deleting the Mth share 
and using restrictions on the parameters allows 
the complete set of parameter estimates to be 
obtained. Use of iterated SUR was shown by 
Barten to lead to maximum-likelihood estimates 
that are invariant to the equation chosen for 
deletion. 

We assume that each time period’s M — 1 
vector of errors, and therefore the vector of bud- 
get shares, follows the multivariate normal dis- 
tribution. Stdctly speaking, one might prefer a 
distribution more compatible with the fact that 
observed shares are bounded by 0 and 1 (e.g., 
Woodland, Rossi), in which case imposing 
monotonicity is not an issue, but we prefer to 
stick with the more widely used distribution to 
illustrate the method. Our approach could ay 
be adjusted for nonnormal errors. 

To illustrace Monte Carlo integration, sup- 
pose that £, the variance-covariance matrix of 
the errors, is <nown. Suppose also that p(@), the 
prior informa‘ion about the a,’s, y,’s, and B,’s, 
indicates that some region D, a proper subset of 
R’, contains the true parameter vector, where J 
denotes the number of free parameters in the 
model and R” denotes the /-dimensional real 
numbers. Finally, suppose that the investigator 
has a quadrati> loss function, and desires a point 
estimate of @: as noted earlier, the mean of the 
posterior density for @ minimizes expected loss. 

The steps involved in finding an estimate of 
the mean, @, are straightforward. With no prior 
information avout @ and a known 2%, the pos- 
terior distribuzion for 8 estimator. would be the 
multivariate rormal, centered at 6 with vari- 
ance-covarianze matrix V(ĝ), where 6 and V(@) 
are obtained using 2-restricted SUR. Given the 
prior information, the posterior distribution for 
0 then becomes the truncated multivariate nor- 
mal, since @ is known to lie in D. The task be- 
comes finding the mean of a truncated, J-variate 
normal: 


E(@) = | aa | 
QED QED 


0 N,[6| 6, V(Ô)] dO, ... dO;. 


Needless to say, such a calculation is infeasible 
for all but trivial examples. 

Monte Carlc integration is based on the idea 
that an expectation such as the one above can 
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be estimated (arbitrarily accurately, given the Law 

of Large Numbers) using random sampling. One 

way of estimating the mean of a random vari- 

able with p.d.f. f(@) is to generate a large num- 

ber of replications in a random sample from that 
distribution, and calculate 

N 
0; 
Jae 


N 


where N is the number of replications. 6 serves 
as an estimate of E(@), of course. Since N is 
determined by the investigator, E(@) can be es- 
timated with an arbitrarily high degree of ac- 
curacy. To apply that approach using the mul- 
tivariate normal would require five steps: 

(a) Estimate the parameters of the share equa- 
tions, obtaining @ and V(ĝ). 

(b) Treat these as parameters of the posterior 
distribution for 6 that would be consistent with 
no restrictions on @’s range, the J-variate normal 
density. 

(© Use N,[6, V(6)] and a random number 
generator to obtain a random sample from this 
multivariate normal. Omit those draws 8; which 
are not contained in D, leaving a random sample 
of size n from the truncated multivariate nor- 
mal. 

(d) Estimate E(@) using the average of the n 
replications in D: 


3 





(e) A byproduct of the procedure is that Bp = 
n/N estimates the area under the multivariate 
normal density contained in D, i.e., the prob- 
ability that the restrictions hold, given no prior 
information. If either pp or E(@) are estimated 
with less than the desired precision, increase N 
and repeat the process. 

While. somewhat computer-intensive, these 
steps are certainly feasible. They can be per- 
formed using the commonly available statistical 
packages for any desired posterior distribution. 
All that is required is a random number gener- 
ator and some simple calculations. 


Importance Sampling for Exact Results 


The procedure outlined above relies on the 
asymptotic properties of the estimation proce- 
dure by making use of a normal approximation, 
since the covariance matrix > will invariably be 
unknown. While this is comparable to what is 
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done using non-Bayesian approaches, it will not 
yield results consistent with the exact posterior 
density function. Unfortunately, the posterior 
distribution for 6 is no longer of the multivariate 
normal form when the variance matrix È is un- 
known. Effectively, the procedure outlined aboye 
substituted a conditional distribution f(6@|y, 2) 
for the marginal distribution f(0|y). 

Such a marginal distribution for. @ can be ob- 
tained from a joint posterior density for 0 and 
the parameters of 2 by integrating over a pos- 
terior density for &. Following Zellner (1971, 
p. 242), Judge et al. (p. 478), or Srivastava and 
Giles, with a diffuse prior densit, for both £ 
and 9, the resulting posterior density for 6 is given 
by 

F(6ly) = JA 7”, 


where T denotes the number of sample obser- 
vations. A typical element a, of the M4 — 1 by 
M — 1 matrix A is given by 


ay = [(e(8))’(e(6))], 


where e,(@) is the vector of residuals for share 
equation i evaluated using any value of @ where 
the posterior density is defined. This density 
function corresponds to the posterior density for 
0 with no prior information about likely values. 
Should one wish to impose the restriction that 0 
could take on only values consistent with the 
inequality restrictions, a truncated version of this 
posterior density must be used. In this frame- 
work, imposing the Bayesian restrictions and 
finding a posterior mean 6 requires sampling from 
the truncated density f*(6|y), but this is not a 
familiar density, so it is difficult to obtain an 
appropriate random sample. The procedure out- 
lined above, whereby the untruncated density 
f(8|y) could be used, also cannot be applied, for 
the same reason. 

Instead, the steps outlined above must be 
modified, correcting for the fact that the mul- 
tivariate normal is at best only approximately 
the correct posterior density. The technique for 
doing so is called importance sampling (e.g., 
Kloek and van Dijk, van Dijk and Kloek, Ge- 
weke 1986, 1988, 1989). The concept which 
underlies importance sampling is relatively 
straightforward. Before returning to the problem 
at hand, its use is illustrated with a simple 
example. 

Consider estimating the mean of Z, a beta 
random variable with a = 9 and B = 1 and den- 
sity function f(z). Such a random variable has 


1 
a 
E(Z) -f z f(z) dz = ee: = 9, 
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Of course, this is an example where the integral 
could be evaluated and where random draws can 
also be obtained from the correct distribution, 
but suppose that we had available only a uni- 
form random number generator, whose density 
function we denote g(z). How might the mean 
of the beta distribution be calculated, using ran- 
dom draws from U(O, 1)? 

The sample mean of replications drawn from 
the U(O, 1) will underestimate E(Z) because it 
will tend toward one-half. The reason, of course, 
is that values close to zero for Z occur more often 
under U(O, 1) and most values above one-half 
will occur less often than under the beta distri- 
bution we have chosen. Importance sampling 
corrects for this by adjusting the “importance” 
given to each replication. The appropriate weight 
for each replication z; is the ratio of the proba- 
bility density function of the beta distribution at 
z;, f(z). and the density of the uniform at z,, 
g(z;). In this way, those values drawn which are 
closer to one will receive a large weight while 
those closer to zero will receive a smaller weight. 

To see why this works, note that the expected 
value of Z using the density function given by 
f(z) can be found by integrating over g(z) in- 
stead: 


| | fe) 
E(Z) = | zf(z)dz = | z—— g(z) dz. 
g(z) 
In the first instance, E(Z) is taken with respect 
to f; and in the second, E[Z f(Z)/g(Z)] is taken 
with respect to g. Just as E(Z) could be esti- 
mated using a sample mean of replications from 
f(z), then so could it be estimated by drawing 
from g(z) and calculating 
fi) 
2 
i=1 82) 


N 


One surprising aspect of this procedure is that 
any density function can be used as g(z), pro- 
vided it is strictly positive over the range of Z 
determined from f(Z). Otherwise, division by 
g(z) within the integral is not allowed, and the 
implication would be that some values of Z, 
which do occur when sampling from f(z), would 
never be drawn using g(z). Naturally, if the 
weights applied to each z; are close to one, so 
that f(z) and g(z) are similar, fewer draws will 
be required to obtain good estimates of the val- 
ues of these integrals (Kloek and van Dijk; van 
Dijk and Kloek; Geweke 1986, 1988, 1989). 
This procedure can be applied for estimating 
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the mean of the exact posterior density for 8. 
The posterior distribution is analogous to the beta 
distribution :n the case above, in that it is the 
correct densty but difficult to work with. Mean- 
while, the multivariate ¢ will be used as was the 
uniform distribution, to generate replications for 
6. In the case of uninformative priors, draws from 
the multivariate ¢ can be adjusted by the ratio of 
the two dens_ty functions to obtain an estimate 
of the probatility that the inequality restrictions 
hold. Alternatively, the inequality restrictions 
can be imposed, so that the posterior density is 
truncated or restricted. 

To find the posterior mean, find the solution 
to 


E(6\y) = | a f*(6ly) d0. 
YéeeED 


At the same ime, to calculate the probability 
that the restrictions hold, find 


p= | ICO) f (6ly) d9, 
YeED 


where /(9) = 1 if the restrictions hold and (9) 
= 0 otherwise. Each of these could be accom- 
plished by sampling from the exact posterior 
density f(@\y), if it were of a known form, and 
the steps outlired earlier could be used. Because 
these integrands are too complicated to permit 
analytic soluticns, importance sampling must be 
used. To reiterate, notice that the posterior mean 
can also be found by 


R 
E(8\y) = | ra y) g” (0| y) d9, 
veep & (6|y) 


where 2*(6|y) is the truncated multivariate t p.d.f. 
and D is the rezion of the parameter space con- 
sistent with the concavity and monotonicity re- 
strictions. Aga:n, the density 9“(6|y) must be 
positive over the entire range (D) of the poste- 
rior density f*(3|y). 

The modifiec steps now required for the cal- 
culations, taker. from Chalfant and White, are 
given below: 

(a) Estimate the parameters of the demand 
system using iterated seemingly unrelated 
regressions to obtain maximum likelihood esti- 
mates 6 and the estimated covariance matrix V(6). 

(b) Calculate < matrix H such that HH’ = V(6). 
Draw a random vector of the same length as 6 
from the standard normal distribution 


w ~ NO, D, 
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where J is the identity matrix of order J. Rep- 
lications of @ that follow a multivariate #-distri- 
bution with A degrees of freedom can be gen- 
erated using the steps in van Dijk and Kloek. 
We obtain 


0^ = ĝ + Aw /v 
and its “antithetic replication” 
6° = 6-— Hw/v, 


where v is obtained by taking a vector z of A 
draws from N(O, 1) and calculating 


v = [(2’z)/a]'”. 


The inclusion of antithetic replications was sug- 
gested by Geweke (1988) to improve conver- 
gence. 

Using the multivariate z, 


—(A+J)/2 
g(8ly) x h + (0 - ôS (0 — J 


(c) Check each replication to see if it violates 
concavity, monotonicity, or substitutability. To 
do so, we calculated elasticities of substitution 
using each replication and the means of ob- 
served budget shares for the four meats. Con- 
cavity and substitutability were checked using 
these elasticities. (To check these restrictions for 
all 29 observations would have involved simply 
repeating the same check for each observed share 
vector.) To check monotonicity, we used each 
replication to obtain new predicted shares for all 
twenty-nine data points. 

(d) Estimate the mean of the posterior distri- 
bution using the n draws of 64 or 0” that satisfy 
the restrictions 


= F Oly) 
> O; R 
ĝ om k=l 8 (Oly) 
k=] 2"(.1y) 


As noted by Chalfant and White, if f(@|y) and 
g(0|y) were proper density functions, a denom- 
inator of N would suffice. Otherwise, the de- 
nominator serves as a normalizing constant to 
correct for the fact that we use only the kernels 
of proper densities. 

(e) To estimate the probability that the restric- 
tions hold, use all replications, letting the first 
n be those consistent with the restrictions, and 
calculate 
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Fy Ss f(y) 


= O Oly) _ 1 8 (ly) 
< S fO) ACON 
k=} g(|y) k=l g(6,ly) 


(f) Check to see if the number of replications 
iS large enough to arrive at stable estimates of 
6 or p and of their standard deviations, if de- 
sired. If not, increase N. 

A measure of the numerical accuracy of each 
estimated expectation, analogous to the usual 
standard error of the estimate of a population 
mean, was suggested by Geweke (1989). These 
can be used in step (f). The numerical standard 
error (nse) of the estimate of the mean of the 
posterior is given by 


5 6, - 4 ey 
k 


k=1 g(O,|y) 


(S ay 

iai &(|¥) 

As also pointed out by Barnett, Geweke, and 
Yue, these measures are reliable estimates of the 
true nse’s if and only if the tails of the distri- 
bution being sampled from are at least as “fat” 
as the tails of the posterior distribution. This 
characteristic of the importance sampling pro- 
cedure is easily checked by plotting the repli- 
cations of each 6, against the ratio f “(el y)/2* aly), 
The weights should approach zero in the tails of 
each posterior distribution. 

The standard deviation of the posterior distri- 
bution can be estimated by taking the square root 
of the estimated variance of the posterior dis- 
tribution, obtained by using importance sam- 
pling to estimate E[(@, — 6,)7): 


ay (Ga) Wp 
0 
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Application to Aggregate Meat 
Consumption in Canada 


In this section, an almost ideal demand system 
for meat and fish products is estimated using ag- 
gregate Canadian data for the years 1960 to 
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1988.° The data are from Agriculture Canada 
(Robbins) and were also used by Alston and 
Chalfant. The demands for four goods were ex- 
amined——beef, pork, poultry, and fish (hence- 
forth, the meats group). Consumer preferences 
for the meats group were assumed weakly sep- 
arable from all other goods, and the demand 
system was treated as the second-stage alloca- 
tion model, conditional on prices and a prede- 
termined level of expenditures.° Using the Ag- 
riculture Canada data on price indices and per 
Capita quantities consumed for each meat, along 
with 1981 nominal prices reported in Van 
Kooten, we converted indices into current prices 
and calculated total expenditures on the group. 
One remaining variable was included, a “trend” 
term taking the value 1 in 1975 and increasing 
by 1 in every subsequent period. Alston and 
Chalfant found that, although this data set is 
consistent with the hypothesis of stable prefer- 
ences, the almost ideal demand system cannot 
be fit to these data without some allowance for 
dynamic influences; we chose the trend term as 
being more interpretable, albeit conditional on 
this specification, than an autocorrelation cor- 
rection. A trend that began in the middle of the 
sample, 1975, seemed to correspond more to a 
hypothesized structural change or other type of 
model failure than did one beginning in 1960. 
The share equations of the linear approximate 
form, obtained by deflating nominal expendi- 
tures by Stone’s geometric price index, were then 
augmented by including this trend coefficient in 
each share equation. Thus the expression for the 
share of the budget allocated to the ith meat is 


4 
S=% + >, y,in(P) + B,in@/P) + rt. 


j=l 


A system of three such equations was estimated 
using the nonlinear regression (NL) procedure 
of version 6.1 of SHAZAM (White et al.). The 
fourth equation was deleted because of singu- 
larity of the variance matrix for all four equa- 
tions, and parameters of that equation were ob- 
tained through the homogeneity and symmetry 


5 Other applications of this system to agricultural data include ` 


Blanciforti, Green, and King; Chalfant; Hayes, Wahl, and Wil- 
liams; and Meschini and Meilke. Hayes, Wahl, and Williams also 
consider the restriction that all meats are substitutes, in an exam- 
ination of Japanese meats demand. 

6 Although LaFrance notes that treating expenditures as prede- 
termined is inconsistent with the assumption that quantities are 
measured with errors, this is standard practice. The method we use 
does not depend on this assumption, however, and could accom- 
modate a joint explanation of the first- and second-stage allocation 
decisions. 


Amer. J. Agr. Econ. 


Table 1. Unconstrained Results, Almost 
Ideal Demanal System 





Parameter" Estimate Standard Error 
CLyeet —0.502 0.157 
Ja ia 0.091 0.019 
ened ~0.004 0.012 
Y beef - poultry —0.009 0.013 
Y beef - fist —0.078 
Pri 0.216 0.039 
T beet —0.0029 0.0007 
es 0.732 0.144 
rien 0.040 0.0145 
Y pork - fish —0.052 
B yo 0.010 0.037 
T pore ~9.0020 0.0008 
De 0.211 0.238 
cia oa 0.016 0.037 
“Y poultry : fish —0.023 

Bes -0.0006 0.063 
Toa, 0.0032 0.0011 
"S 0.152 
B asr 0.116 


* Estimates of perameers without standard errors were obtained from 
the equality restricticns for symmetry, homogeneity, and adding- 


up. 


restrictions. Tae adding-up property is pre- 
served by lettirg the sum of the four trend coef- 
ficients equal zero. By iterating over both the 
parameters and the error variance-covariance 
matrix, the est.mates obtained are invariant to 
the equation chosen for deletion (Barten). 

Estimates of the parameters are given in table 
1. The trend co2fficients do appear to contribute 
significantly to the model, as the likelihood-ra- 
tio test statistic for the restriction that they are 
all zero is 35.19 (as compared with a critical 
value of x’: a- Of 11.345). They imply that, 
if the almost idzal model is the correct specifi- 
cation, there has been a negative trend affecting 
beef and pork ard a positive one affecting chicken 
and fish.’ 

Elasticities of substitution are reported in ta- 
ble 2. Compensated price elasticities and ex- 
penditure elasticities are reported in table 3, part 
A, while uncompensated Marshallian elastici- 


? Because the results from the nonparametric test for stable pref- 
erences were consisten. with the existence of a stable demand sys- 
tem, the trends may be picking up misspecification of the almost 
ideal model. One way to decide whether one should instead dis- 
regard those results aad conclude that significant trends imply 
structural change rather than misspecification is to analyze the im- 
plied behavior of elast=tities in a variety of models. Our analysis 
of just one demand syst=m cannot answer that question definitively, 
but the procedure follcwed below provides a means for such an 
analysis to incorporate prior beliefs. 
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Table 2. Elasticities of Substitution: Posterior Mean Values 


Concavity and 


Elasticity Unconstrained 
Oeet beef -1.13 
Obest pork 0.953 
Doeef poultry 0.853 
Oheef fish —0,049 
F oi ont —2.384 
O pork poultry 1.268 
T pork fish 0.013 
Opoultry poultry —3.641 
T poultry fish 0.549 
Otish fish —0.458 


Concavity Substitutability 
—1.158 -1.207 
[0.003]" [0.004] 
(0.188) (0.181) 
0.934 0.902 
[0.003] [0.004] 
(0.158) (0.156) 
0.797 0.735 
[0.004] [0.006] 
(0.225) (0.221) 
0.072 0.252 
[0.005] [0.007] 
(0.316) (0.272) 
—2.405 —2.471 
[0.005] [C.007] 
(0.282) (0.280) 
1.186 1.087 
[0.008] [0.011] 
(0.406) (0.404) 
0.147 0.375 
[0.009] [0.011] 
(0.466) (0.423) 
—3.876 ~—3.627 
[0.020] [0.023] 
(1.092) (0.994) 
0.965 0.95 
[0.019] [2.020] 
(1.014) (0.835) 
=1.216 =L72 
[0.020] [0.019] 
(1.181) (0.795) 


* The numerical standard errors of the estimated posterior means are reported in square brackets, and the corresponding standard deviations 


are in parentheses. 


ties are given in table 4, part A. Recall that the 
latter make use of a constant level of meats ex- 
penditure, not total expenditure. These elastic- 
ities were calculated at the mean budget shares 
observed in the sample and were obtained with- 
out the inequality constraints. 

The negative own-elasticities of substitution 
are as one would expect. The mostly positive 
elasticities of substitution indicate that the meats 
tend to be substitutes for one another at the mid- 
point of the sample. The unrestricted results that 
are contrary to prior belief are the negative elas- 
ticity of substitution, indicating complementar- 
ity, between fish and beef that is observed at the 
sample mean shares. Also contrary to expecta- 
tions was the small positive elasticity between 
fish and pork and the fact that this elasticity also 
was often negative when the elasticities of sub- 
stitution were evaluated at the individual obser- 
vations. 

Concavity holds at the mean and for the last 
eighteen observations in the sample; however, 


the own-elasticity of substitution for fish is pos- 
itive for the first eleven data points, violating a 
necessary condition for concavity. For all but 
six observations, at least one elasticity of sub- 
stitution between two goods was negative for 
either beef and fish or beef and pork, sometimes 
both at once. Finally, monotonicity holds with 
these estimates at every point in the sample.* 
Using the Bayesian procedure described ear- 
lier, the probability that the monotonicity, con- 
cavity, and substitution restrictions hold for this 
demand system can be estimated. We followed 
the procedure outlined earlier to obtain a sample 
size of 10,000 replications (5,000 plus the an- 
tithetic replications) from the multivariate t-dis- 
tribution with A = 4 degrees of freedom, again 


2 A further indication that this model requires trend effects is that 
the results without the trend terms are completely inconsistent with 
the concavity or substitution restrictions. When the model was es- 
timated with the trend coefficients set equal to zero and the esti- 
mated parameters were used to calculate elasticities, every obser- 
vation violated both restrictions. 
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Table 3. Compensated Demand Elasticities 





Price j 
Quantity i Beef Pork Poultry Fish 
Part A. Unconstrained Case 
Beef —0.393 0.234 0.169 -0.010 
Pork 0.331  —0.586 0.252 0.003 
Poultry 0.297 0.312 -0.723 0.114 
Fish —0.017 0.003 0.109 —0.095 
Expend. 
Elasticities 1.614 0.582 0.966 0.499 
Part B. Concavity Imposed 
Beef —0.403 0.230 0.158 0.015 
Pork 0.325 —0.591 0.235 0.031 
Poultry 0.277 0.291  —0.769 0.200 
Fish 0.025 0.036 0.191 -0.253 
Expend. 
Elasticities 1.575 0.537 0.832 0.745 


Part C. Concavity and Substitutability Imposed 


Beef —0.420 0.222 0.146 0.052 
Pork 0.314  —0.607 0.216 0.078 
Poultry 0.256 0.267  —0.720 0.197 
Fish 0.088 0.092 0.189 -0.368 
Expend. 

Elasticities 1.524 0.462 0.860 0.893 


using SHAZAM. The in-sample results for 6 and 
V(@) were used to specify the parameters of this 
distribution. Only four degrees of freedom were 
chosen to ensure that sampling would occur from 
a density with relatively “fat” tails, thereby as- 
suring that the entire range of the actual poste- 
rior distribution is covered by the importance 


Table 4. Marshallian Demand Elasticities 








Price j 
Quantity i Beef Pork Poultry Fish 
Part A. Unconstrained Case 
Beef —0.955 -0.163 -O0.151 -0.346 
Pork 0.129 --0.729 0.136 0.118 
Poultry —0.039 0.074 -0.914 --0.087 
Fish —0.191  ~0.119 0.010 --0.199 
Part B. Concavity Imposed 
Beef —0.951 -0.158 -0.154 -0.312 
Pork 0.138 -0.723 0.129 -0.081 
Poultry —0.012 0.087 --0.934 0.028 
Fish —0.234 --0.147 0.044 ~-0.407 
Part C. Concavity and Substitutability Imposed 
Beef —0.950 -0.153 —0.157 -0.264 
Pork 0.153 ` ~0.721 0.124 -—0.018 
Poultry —0.044 0.056 -0.891 0.0187 
Fish =Qi2zZ3 -0.127 0.011  -0.554 
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density. Morotonicity was checked by using each 
replication to predict budget shares for all twenty- 
nine observacions; every replication was consis- 
tent with positive budget shares for each obser- 
vation, sO monotonicity was never violated. 
Concavity was checked for each replication by 
calculating substitution elasticities using the pa- 
rameter values given by each replication and the 
mean observed budget shares. The eigenvalues 
were then ca culated for each matrix of elastic- 
ities of subst-tution. 

Consistency with the concavity restriction (a 
substitution matrix without positive eigenval- 
ues) was fouad in over half of the replications. 
Had we been sampling from the exact posterior, 
the proportiom consistent with concavity would 
have been the estimate of the probability that 
concavity holds, given diffuse priors. As noted 
earlier, however, that probability can be esti- 
mated using importance sampling to correct for 
not sampling from the exact posterior. Calcu- 
lation of the ratio Pp in step (e) of section 4 
yielded a valu2 of 0.57. These results imply that 
the demand s~stem is reasonably well behaved 
by this criterion. Table 5 summarizes all of the 
results in this section for the posterior proba- 
bilities that various restrictions are true. 

Elasticities cf substitution calculated using the 
concavity restriction are given in table 2, with 
numerical stardard errors and standard devia- 
tions. The poiat estimates for the elasticities are 
obtained by estimating the means of the poste- 
rior distributions for each elasticity. Those dis- 
tributions were found using the posterior distri- 
butions for the parameters, the mean budget 
shares, and the formulas for elasticities. The own 


Table 5. Posterior Probabilities of Restric- 
tions 


Inequality Concavity and 
Restriction None Concavity Substitutability 
Concavity 0.57 

(n.s.e.) 0.1310 

All substitutes 0. .6 0.28 

{n.s.e.) 0.803 

T beef pork >. 0 l ] 

Drect pouty 7 O 0.999 l 

Theef fish Z 0 0.227 0.59 

Conk pouty 7 O 0.299 j} 

pork fish > 0.£07 0.63 

Froutry ish 7 O 0.713 0.89 

Toer Z O j H I 

Tpk < 0 0.593 1 1 

tawa O 0.583 976 0.984 

Ts > O 0.872 1 1 

all 7 0.853 0.974 0.984 
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elasticities of substitution tend to be more neg- 
ative than before (reflecting the concavity re- 
striction), while imposing concavity alone was 
enough to make the average over all replications 
of each partial elasticity of substitution turn out 
to be positive. Expenditure and compensated 
price elasticities calculated using 0 are shown in 
table 3, part B, while table 4, part B contains 
corresponding uncompensated elasticities. 

The system was less consistent with the re- 
striction that all meats are substitutes. Imposing 
concavity and substitutability jointly reduces the 
parameter space D further; the probability that 
the joint restriction holds, given diffuse prior 
beliefs, falls to 0.16. (Alternatively, this can be 
viewed as a conditional probability of substitut- 
ability, given that concavity is imposed, of 0.16/ 
0.57 = 0.28.) This relatively stronger rejection 
of prior beliefs casts some doubt on the esti- 
mated system being a valid representation of 
preferences. Nonetheless, posterior means were 
calculated for the remaining elasticities. These 
numbers are shown in table 2 for the substitu- 
tion elasticities and in part C of tables 3 and 4 
for the price elasticities. For comparison to the 
results in table 1, the constrained parameter es- 
timates are reported in table 6. 

It is important to note that violations of the 
substitution restriction are not due solely to the 
cases of complementarity relationships implied 
by 6—beef and fish or pork and fish. Any elas- 
ticity could be responsible. Unless the posterior 
density for any particular elasticity of substitu- 
tion implies that it is positive with probability 
one, each can be responsible for any particular 
replication violating the constraint. We exam- 
ined the posterior distributions for each elastic- 
ity and found that those two elasticities indeed 
were responsible for the lion’s share of rejec- 
tions. We never observed a replication that im- 
plied that beef and pork were complements at 
the mean budget shares, while the estimated 
probabilities that the substitution elasticity was 
positive for the beef-poultry and pork-poultry 
combinations were both greater than 0.99. In 
contrast, the probability that the elasticity of 
substitution was positive for the remaining cases 
of O beef fsh O pork- fish» and F poultry ‘fish were 0.59, 
0.63, and 0.89, respectively, suggesting that fish 
is most responsible for the violations. 

One can also reexamine the trend results with 
an inequality-constrained model; although the 
trend coefficients do not affect elasticities di- 
rectly, their point estimates are correlated with 
those of the y; parameters and will be affected 
by imposing the inequality restrictions. The 


Table 6. Inequality Constrained Coeffi- 





cients 
Concavity and 
Concavity Substitutability 
Ol beet —0.4429 ~0.3769 
{0.0043]° [0.0066] 
(0.1766) (0.1689) 
[0.0005] [0.0008] 
(0.0219) (0.0195) 
Y beef pork —0.0056 —0.0084 
[0.0003] [0.0005] 
(0.0134) (0.0123) 
Y beef poultry —0.014 ~0.0183 
[0.0004] [0.0007] 
(0.0152) (0.0153) 
Y beef fish —0.0671 ~0.0541 
Breet 0.2002 0.1823 
[0.0011] [0.0016] 
(0.0433) (0.0408) 
T veef —0.0032 ~0.0036 
[0.0000] [0.0000] 
(0.0008) (0.0007) 
A pork 0.7856 0.8555 
[0.0044] [0.0049] 
(0.1569) (0.1252) 
Y pork pork 0.0401 0.0361 
[0.0004] [0.0007] 
(0.0169) (0.0155) 
Frak poky 0.0091 0.0042 
[0.0006] 10.0008] 
(0.0197) (0.0184) 
Y pork fish —0.8348 ~0.8958 
B pox —0.1138 —~Q,1322 
[0.0011] [0.0012] 
(0.0400) (0.0312) 
© patie —0.0022 0.0026 
[0.0000] [0.0000] 
(0.0008) (0.0006) 
a EEE 0.3344 0.3125 
[0.0064] [0.0099] 
(0.2432) (0.2109) 
Y scthity pode 0.0064 0.0162 
[0.0009] [0.0014] 
(0.0391) (0.0324) 
F poultry fish —0.3385 ~0.3261 
poultry —0.0334 ~0.0279 
[0.0016] [0.0026] 
(0.0632) (0.0547) 
Fua 0.0025 0.0025 
[0.0000] [0.0000] 
(0.0012) (0.0010) 
Q fsh 0.3229 0.2089 
Y fish fish 1.2404 1.276 
fish —0.053 ~0.0222 
T fish 0.0029 0.0037 
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* The numerical standard errors for each element of @ are 


reported in square brackets, and the corresponding standard 
deviations are in parentheses. Parameters without these 
measures were obtained from the equality restrictions, as 
in table 1. mt 
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negative point estimates for beef and pork that 
were reported in table 1 for the trend effects ob- 
served without the inequality restrictions are less 
than the resulting posterior mean values for those 
two coefficients. The trend coefficients in both 
the beef and pork equations rise in absolute value, 
as does the implied one in the omitted fish equa- 
tion, when concavity and then substitutability 
are imposed. At the same time, the coefficient 
in the poultry equation falls slightly. All of the 
estimated means of the posterior distributions for 
the trend coefficients are more than twice the 
corresponding standard deviations, as shown in 
table 6, although this is barely true for poultry. 
The posterior probability of a negative value in 
the beef and pork equations was 1, which was 
the probability of a positive value in the fish 
equation; only for poultry does the posterior dis- 
tribution have some probability on both sides of 
zero, although that value is small for negative 
values, as the estimated probability of a positive 
value in the poultry equation is over .95. 

A sample size of 10,000 was sufficiently large 
to obtain accurate estimates for these expecta- 
tions from the posterior distribution. This is re- 
flected in the small numerical standard error es- 
timates, obtained as described in step (f). These 
are well within tolerable ranges for applications. 


Summary and Conclusions 


An unfortunate byproduct of the use of demand 
systems that do not restrict substitution elastic- 
ities is that theoretical restrictions such as sym- 
metry or homogeneity are often violated. More 
difficult to cope with are inequality restrictions. 
The familiar problem of curvature or monoto- 
nicity restrictions is the best example, but the 
signs of elasticities of substitution between goods 
are also good examples. In order to determine 
whether an estimated demand system is entirely 
consistent with prior beliefs, it is important to 
be able to impose or make inferences about in- 
equality restrictions. 

We showed that a Bayesian procedure han- 
dled this problem nicely. It produces con- 
strained parameter estimates and also an esti- 
mate of the probability that the restrictions are 
true. For the demands for beef, pork, chicken, 
and fish in Canada, some support was found for 
‘the concavity of the consumer’s expenditure 
function underlying an almost ideal demand sys- 
tem (p = 0.57), while the monotonicity restric- 
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tion is definitely consistent with the model (p 
= 1}. On the other hand, the sample information 
is less consistent with prior beliefs about sub- 
stitution relationships; it reveals a low condi- 
tional probability (given concavity) that these four 
goods are all substitutes for each other (p = .28). 
Finally, whether or not these restrictions are im- 
posed, the almost ideal demand system implies 
a negative trend affecting beef and pork con- 
sumption and a positive trend for chicken and 
fish. 

Because the necessary integrals over the exact 
posterior density were quite complicated, Monte 
Carlo integration was used to estimate parame- 
ter values. The p.d.f. of the exact posterior was 
known but not recognizable, which made sam- 
pling from it difficult. This problem was over- 
come by importance sampling. 

These findings concerning Canadian meat de- 
mand are conditional on the observed data and 
on the specification of the almost ideal demand 
system. All such inferences in demand systems 
are also conditional on separability and aggre- 
gation assumptions (Chalfant and Alston); but, 
if these assumptions are valid, the results must 
be interpreted as questioning either the prior be- 
lief that these goods are substitutes or the func- 
tional form for the demand system. If one is sat- 
isfied with the almost ideal model and 
unconcerned about the substitution restriction, 
the reasonably good results for concavity permit 
the use of the constrained elasticity estimates for 
policy analysis. The ability to produce a theo- 
retically consistent set of elasticities is one of 
the main advantages of this procedure. 

On the other hand, one might hesitate to use 
the estimated trends as evidence concerning taste 
changes if the lower probability for the restric- 
tion that all meats are substitutes is a cause for 
alarm. However, the results suggest that the al- 
most ideal model cannot be estimated without 
the trend effects. Further research with other 
functional forms can help to address this ques- 
tion. It will be of interest to see how the prob- 
abilities we report change when another func- 
tional form is tried; Alston and Chalfant and the 
Monte Carlo studies to date certainly offer evi- 
dence that point estimates can change. In that 
light, the procedure and restrictions suggested in 
this study serve not only as a means to interpret 
the data but as a way of evaluating alternative 
functional forms for demand systems. 


[Received January 1989; final revision 
received July 1990.] 
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Ex Post Flexibility and Choice of 
Capacity for Loss Reduction 


L. Dean Hiebert 


This paper examines the implications of ex post utilization flexibility for the firm’s ex 
ante choice of capacity to supply a loss-reducing input. It is shown that the optimal ex 
ante choice is greater in the presence of flexibility than in the absence of flexibility. It 
is also shown that the total effect of an increase in risk on the ex ante choice includes a 
flexibility effect when ex post flexibility is present. The flexibility effect always tends 


to increase the demand for capacity. 


Key words: damage control, ex post flexibility, loss reduction. 


The firm’s use of loss-reducing inputs has been 
widely studied. Feder analyzes the use of pes- 
ticides to reduce crop losses. Centner and Wetz- 
stein consider the use of disease control mea- 
sures by the buyers of livestock. Hiebert (1983) 
examines a firm’s demand for self-insurance, an 
input which reduces the severity of the loss re- 
sulting from randomly occuring accidents. Lich- 
tenberg and Zilberman discuss the specification 
of the production function when loss-reducing 
inputs are used. 

This previous literature assumes that all loss 
containment decisions must be made before 
learning the actual severity of the realized state 
of nature. In certain decision-making contexts, 
however, some loss reduction decisions can be 
postponed until the realized state of nature is 
known to the decision maker. Suppose a firm 
must select a capacity to supply a loss-reducing 
input before learning the actual state of nature 
but can select the utilization of this capacity af- 
ter learning the actual state of nature. In this case 
capacity is an ex ante decision variable, while 
the utilization of this capacity is an ex post de- 
cision variable.’ For example, wind machines 
and sprinklers in citrus groves represent a ca- 
pacity to supply frost protection services, but the 
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' Turnovsky, Hartman, and Epstein discuss the ex ante and ex 
post decisions of a competitive firm facing product price uncer- 
tainty. Robison and Barry (chap. 17) consider a situation in which 
a “flexibility” characteristic of a durable is chosen before the sell- 
ing price of the durable’s services is known, while the quantity of 
Services to be extracted can be chosen after learning the price. 


utilization of this capacity is chosen after the ac- 
tual state of nature can be accurately predicted. 

This paper considers the effect of ex post uti- 
lization flexibility on a firm’s ex ante commit- 
ment to loss reduction. The firm makes an ex 
ante commitment by choosing a capacity to sup- 
ply the loss-reducing input. If ex post utilization 
flexibility is present, the firm postpones the in- 
put choice until after learning the realized state 
of nature. In the absence of ex post utilization 
flexibility, the use of the input is fixed and equal 
to the capacity level. It is shown that the intro- 
duction of ex post flexibility always increases a 
firm’s ex ante commitment to loss reduction. 
Moreover, the introduction of ex post flexibility 
can reverse the direction of the firm’s ex ante 
capacity response to an increase in uncertainty. 


Capacity Choice with Ex Post Flexibility 


This section develops a simple model of capac- 
ity choice when ex post utilization flexibility is 
present. The firm selects a capacity level, k, be- 
fore learning the actual realization of the state 
of nature. After observing the realized state of 
nature, the firm chooses the quantity of loss re- 
duction services, x, given the capacity con- 
straint x S k. 

If a disaster occurs, the dollar loss is given 
by the damage function 


(1) D(x, 6) forx = k, 


where @ is a random variable which represents 
the severity of the state of nature. The loss is 
an increasing function of @. For all values of 0, 
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the loss is a decreasing strictly convex function 
of x (D, < 0, Da > 0), implying that loss re- 
duction measures are subject to diminishing re- 
turns. The marginal effectiveness of the input 
will depend, in general, on the realized state of 
nature. Two alternatives are considered. In one 
case, the marginal effectiveness of the input is 
greater in more adverse states of nature (—D,, 
> 0).” In the other case, the marginal effective- 
ness of the input is greater in more benign states 
of nature (—D,, < Q). 

Consider first the firm’s ex post decision. Let 
w(x) represent the variable cost of utilizing the 
installed capacity, where variable cost is an in- 
creasing convex function of x. The firm will 
choose x so that the marginal return to the input 
is greater than or equal to the marginal cost of 
the input. Thus, the optimal level of the input, 
x*, must satisfy 


(2) —D,(x*, 0) = w'(x*) forx* = k. 


Suppose that loss reduction measures are more 
effective in more severe states of nature. Then 
the optimal value of x is an increasing function 
of 6. If the state of nature is sufficiently severe, 
the strict inequality will hold in (2) and capacity 
is fully utilized, x* = k. In less severe states of 
nature, the equality will hold in (2), and x* = 
k. Hence, the optimal value of x can be written 
as 


(3) x* = min [x*(0, w), k], 


where x*(0, w) is the value of x which satisfies 
—Dx*, 0 = w'(x*). 

At the time the firm makes the capacity de- 
cision, 6 and hence x* are unknown. The firm 
is risk averse and chooses a level of capacity to 
maximize the expected utility of ex post profit. 
Expected utility in any period can be written as 


(4) EU =(1 — p)U(WW — rk) 
@*(k) 
+ P| UW — Dix*, 8) 
0 


See =sour 


* In this case x is a risk-reducing input (as defined by Just and 
Pope) because the variance of profit is a decreasing function of x. 
Alternatively, if ~D, < 0, the input is a risk-increasing input. In 
Hartman and Epstein, the inputs are risk-increasing because prod- 
uct price enters the profit function multiplicatively. 

>If the profit endowment and the price variables are identical in 
all periods and if @ is identically and independently distributed in 
all periods, then maximizing the present value of expected utility 
is identical to maximizing equation (4). 
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-p | U(W — Dik, 0) 
6*(k) 


— wk) — rk)dF, 


where U is a strictly concave utility function, W 
denotes the firm’s profit endowment which is 
subject to the risk of partial loss D, r is the fixed 
cost of a umt of capacity, p is the probability 
that a loss oczurs, and F is the distribution func- 
tion of 9. Boch W and r are assumed to be non- 
random constants; @*(k) denotes the critical value 
of 6 for which the full utilization of capacity is 
the unconstrained ex post optimum. It is defined 
by —D,(k, 0%) = w and is a continuous function 
of the level cf capacity. 

The optimel level of capacity must satisfy the 
condition* 


(5) dEU/ak = (1 — p)U' (m): -r 


-p | U' (m): —rdF 
9 


T F | U'(m)(- Dk, 0) 
O*(k) 
— w'(k)dF = 0, 


where mo denctes profit if no loss occurs and 7, 
denotes (randcm) profit if a loss actually occurs. 
This condition indicates that capacity is ex- 
panded until the marginal benefit (in expected 
utility) of increased capacity equals the marginal 
cost of capacity. The expectation of the mar- 
ginal benefit :s over those states of nature in 
which capacity is fully utilized because the ben- 
efit of added capacity is zero otherwise. 

Alternativel’7, consider the case in which loss 
reduction is more effective in more benign states 
of nature. In tkis case the optimal input level is 
a decreasing function of 0. If the state of nature 
is sufficiently benign, the strict inequality will 
hold in (2) and x* = k. In more severe states of 
nature the equality will hold and x* = k. The 
firm’s expected utility can be written as 


(6) EU = (1 — p)UW — rk) 
O*(k) 
+ P| U(W — Dik, 0) 
0 
— w(k) — rk)dF 


+ p | UW — D(x*, 0) — w(x*) — rk)dF. 
grk 


í Condition (5) is aso a sufficient condition for an optimum be- 
cause EU is a strictly concave function of k. 
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The optimal level of capacity now satisfies 


(1) 8EU/ak = (1 — pyU' (am) =r 


+p | U'(2,): —rdF 
0 


e*(k) 
+ p | U"'(m)(-Dk, 9) 
0 


— w'(k))dF = 0. 


Capacity Choice with Fixed Utilization 


If the firm’s use of x cannot be varied ex post,” 
then x = k, and expected profit becomes 


oO 


(8) EU =(1 — p)UW — rk) +p 


0 
-U(W — Dik, 8) — wk) — rk)dF. 


The optimal level of capacity must satisfy the 
condition 


(9) dEa/ok = (1 — pU’ (m) '—r 


+p | U' (m) -rdF 
0 


tp | U'(m,)(-D, fk, 9) 
0 


— w'(k))dF = 0. 


Again, the marginal benefit of added capacity is 
equated to its marginal cost. The expectation of 
the marginal benefit is over all states of nature 
because the firm is unable to vary the utilization 
of capacity ex post. In this case the ex post mar- 
ginal net return to the loss reducing input, —D,(k, 
60) — w’(k), will be negative in some states of 
nature. This immediately implies that the opti- 
mal value of expected utility is greater in the 
presence of flexibility than in the absence of 
flexibility. 


The Impact of Flexibility 
This section compares the optimal choice when 


flexibility is present with that when flexibility is 
absent. 


5 An example is fire retardant material installed in the walls of 
a building. 
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Suppose that loss reduction measures are more 
effective in more severe states of nature. Sub- 
tracting the left-hand side of condition (9) from 
the left-hand side of condition (5) and evaluat- 
ing the result at the optimal choice under zero 
flexibility yields 
(10) 


a*(k) 


-p U'(m)-D:k, 0) — w'{k))dF > 0 
0 
because —D,, > 0. This result implies that the 
firm selects a larger capacity in the presence of 
flexibility than in the absence of flexibility. It 
is because flexibility increases the marginal ben- 
efit of additional capacity.° 

A similar result is obtained when loss reduc- 
tion is more effective in less severe states of na- 
ture. Subtracting the left-hand side of (9) from 
the left-hand side of (7) yields 


dI a 
-=p | U'(m)(—D,{k, 8) — w'(k))dF > 0 
o*(k) 


because ~D,, < 0. Again, the presence of flex- 
ibility increases the firm’s demand for loss-re- 
ducing capacity. Hence, the impact of ex post 
flexibility on the optimal capacity choice does 
not depend on the risk-affecting character of the 
technology. 


The Impact of Increased Uncertainty 


This section considers the impact on the optimal 
capacity choice of increases in uncertainty as 
defined by Rothschild and Stiglitz.’ It is shown 
that the introduction of ex post flexibility can 
reverse the direction of the firm’s response to 
an increase in uncertainty." 

Denote the cumulative distribution function 
of 0 by F(@, s), where s is a parameter repre- 
senting the dispersion of the distribution. An in- 
crease in s represents a mean-preserving spread 
of the distribution if the following conditions are 
met: 


é This result is not the result of risk aversion, A risk-neutral firm 
would also select a larger capacity when flexibility is present. 

7 Tt is easy to show that an increase in uncertainty reduces ex- 
pected utility if D is a convex function of @ (Deg = 0). 

® When ex post flexibility is present, an increase in risk aversion 
increases the optimal capacity if the input is risk reducing (—D,, 
> 0). However, if the input is risk increasing (—D,g < 0), then the 
effect of increased risk aversion is indeterminate. These results con- 
form exactly to those obtained when ex post flexibility is absent 
(see Hiebert 1989). 
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(12) | F(@, s)\d0=0, and 
0 


y 


(13) T(y,s)= | F0, s)\d@ = 0 forall y. 


0 


The effect of an increase in uncertainty is given 
by 


(14) dak*/as = —(8 EU /ðkðs)/( EU /3 ð. 


Because the second-order conditions imply that 
the denominator is negative, the sign of (14) is 
the same as the sign of ð'EU /ðkðs. 

First, consider the case where no flexibility is 
present. Differentiating (9) with respect to s gives 


[e s] 


(15) 3 EU/ðkðs = p | U'(m -D tk, 8) 


0 


— w'(k) — r)dF,(6,s). 


Integrating the right-hand side of (15) twice by 
parts yields 


Lo) 


(16) sEU/dkds = p | 8°(U' (m) —D,(k, 0) 


3 


— w' (k) — r))/30 Tdo 


because F0, s) = Fœ, s) = T(O, s) = Tœ, 
s) = 0. A condition sufficient to determine 
the effect of increased uncertainty is that 
a(U'(a)(-D, — w — r)/a0? be uniformly 
positive or negative. If U'(7,)(—D, — w’ — r) 
is a strictly convex (concave) function of @, then 
the firm responds to an increase in uncertainty 
by increasing (decreasing) the optimal level of 
capacity.” These conditions are the familiar 
Rothschild-Stiglitz conditions for signing the ef- 
fect of a mean-preserving increase in uncer- 
tainty. 

However, if ex post flexibility is present, the 
Rothschild-Stiglitz conditions are no longer suf- 
ficient to determine the firm’s response to an 
increase in uncertainty. Suppose x is more ef- 
fective in more severe states. Differentiating the 
first-order condition (5) with respect to s and 
integrating by parts twice gives 


°? If the firm is risk neutral, the comparative static results depend 
on whether —D, is convex or concave in @. As a special case, if 
the firm is risk neutral and 0 enters the loss function multiplica- 
tively, then the capacity decision of the firm is unaffected by an 
increase in risk, 
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(17) EU/ðxðs = pU'(a7,(6*))(—Dyg(k, 9*)) 


oo 


TO 5) +p | a°(U' (m) > —r)/a0’Tdé 


0 
+p | 3°(U' (a7,)(—D,{k, 0) — w'(k))/a@T de, 
or 


where m,(0*) denotes profit evaluated at 0*. The 
second and third terms in (17) are analogous to 
(16). The first term in (17) arises only when ex 
post flexibiity is present and can be called a 
flexibility e=fect.'° Since —D,, > O, this effect 
is always pcsitive and thus tends to increase the 
firm’s optimal capacity commitment in the face 
of increased uncertainty. 

If U’'(27,)-D, ~w’ — r) is a concave func- 
tion of @, then (16) and (17) can clearly have 
opposing signs. Hence, it is possible that an in- 
crease in uncertainty will cause a firm to enlarge 
its capacity sommitment if ex post flexibility is 
present but not if such flexibility is absent. 

The result is similar if x is more productive 
in less sever2 states. Differentiating (7) with re- 
spect to s anc integrating two times by parts yields 


(18) 
d°EU/axds = —pU'(m(8*))\(—Dyo(k, 6*)) 


OO 


AOF; s+ p | U'n) —r)/38 Tdo 


0 


0t 
+E | a°(U'(m-D.k, 8) 
GC 
— w'(k)))/a0’Tdé. 


The first term is the flexibility effect, which again 
is positive sirce ~D,, < 0. Hence, the presence 
of a positive “lexibility term does not depend on 
the risk-affecting character of the technology. 
As in the previous case, the introduction of uti- 
lization flexibility can reverse the direction of 
the firm’s ex ante response to an increase in un- 
certainty. 


An Example 


The following example illustrates the results of 
this paper. 





A flexibility eff=ct does not arise in the models of ex post choice 
used by Turnovsk}, Hartman, Epstein, and Robison and Barry. 
Hence, in thes2 models, the Rothschild-Stiglitz conditions are suf- 
ficient to determine the impact of an increase in uncertainty. 
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(a) There are only three possible loss states 
of the world: 6 € {1/4, 1, 7/4} with probabil- 
ities a/2, 1 — a, a/2. An increase in æ cor- 
responds to a mean-preserving spread of this 
distribution of ð. 

(b) The damage function is given by (Do — 
2\/x)@. For this specification, ~D, = 6/ Vx and 
“typ = j! / Vx > 0. 

(c) The marginal cost of utilizing capacity is 
a constant, w. 

(d) The firm is risk neutral. 

When there is no ex post flexibility, the first- 
order condition for optimal capacity choice is 


Ea /dk = —r—w + p/\Vk = 0. 


Let r = 1/10, w = 1/2, and p = 6/10. Then 
the optimal capacity choice is 1. [Observe that 
‘the ex post marginal net return to the input (—D, 
— w) is negative if the realized value of 0 is 
1/4]. 

On the other hand, when ex post flexibility is 
present, optimal capacity choice is determined 
by 


dEn/dk = -r + p(l — a)(1/Vk — w) 
+ pla/2X(1/4Vk — w) = 0. 


For a = 1/3, it can be verified that the optimal 
capacity choice is 23/14. 

Now let a = 1/2. When ex post flexibility is 
absent, the optimal capacity choice is unaffected 
by a mean-preserving increase in uncertainty. 
However, when ex post flexibility is present, the 
optimal capacity is 45/26 > 23/14. An increase 
in uncertainty increases the demand for capac- 
ity." The introduction of ex post flexibility 
qualitatively alters the firm’s response to an in- 
crease in uncertainty. 


Conclusions 


The existing literature has assumed that all dam- 
age control decisions must be made ex ante. This 


1 Jn this example only the flexibility effect is present. 
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paper has examined the implications of ex post 
utilization flexibility for the firm’s choice of ca- 
pacity to supply a loss-reducing input. It was 
shown that the optimal capacity is always greater 
when utilization is flexible rather than fixed. In 
addition, the total effect of increased uncertainty 
on the optimal choice includes a flexibility ef- 
fect when ex post flexibility is present. This 
flexibility effect always tends to increase the op- 
timal capacity. 


[Received November 1989; final revision 
received June 1990.] 
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The Application and Economic 
Interpretation of Selectivity Models 


Chung L. Huang, Robert Raunikar, and Sukant Misra 


Substantial differences in economic interpretations may be inferred from the estimated 
selectivity model results. Using the demand for frozen concentrated orange fuice (FCOJ) 
as an example, the study suggests that the consumption patterns are quite similar 
between national brand and private label when the marginal effects and elasticities are 
evaluated based on actual observations rather than unobserved latent variables. Results 
show that private label FCOJ is considered as a normal (inferior) good if the income 
effect is assessed based on actual (potential) purchases. The estimated cents-pff 
elasticities for private label FCOJ also vary substantially depending on whick approach 


is used. 


Key words: conditional expectation, elasticity, marginal effect, orange juice, selectivity 


bias, switching regression, unconditional expectation. 


The modeling and empirical measurement of 
consumer preferences and behavior have been 
of great importance to demand analysts and 
marketing researchers. A common approach to 
these modeling efforts is to assume that various 
measures of individual behavior are determined 
in a utility maximization framework in which an 
individual selects one element from a discrete 
set of decision alternatives. Examples of such 
choice problems include decisions on travel 
mode, labor force participation, educational level, 
and brands of commodity purchased. 

A frequently encountered problem in market- 
ing research is the quantification of individual 
demand which may be influenced by unob- 
served behavior or preference; for example, a 
consumer may or may not purchase a particular 
product during the period of the survey. Also, 
individual-based data generally require re- 
searchers to deal with potentially biased esti- 
mates arising from the selection process that 
generated the sample. Recognizing this problem 
of individual self-selection, Heckman devel- 
oped a procedure which transforms the problem 
from one of missing data on the dependent vari- 
able (no earning data for nonparticipants in the 
labor force) to one of specification error or 
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omitted variable resulting from sample selection 
bias. Following Heckman’s study of labor sup- 
ply, many econometric models have been de- 
veloped to generate and estimate the conditional 
expectation of actions not taken. These models 
are generally called selectivity models. 

Dolton and Makepeace examine the structure 
of a two-sector selectivity model with a probit 
selector equation. Assuming that selectivity bias 
is statistically significant, they investigate the 
appropriate interpretation of the sign of the sam- 
ple selection coefficient. Dolton and Makepeace 
conclude that the notion of a correct sign for the 
selectivity ccefficient is difficult to resolve on 
economic grounds and that any inferences from 
the results must be clearly qualified. 

Many stud:es have extended the basic sample 
selection framework into a general class of 
econometric applications known as switching 
regression models. Empirical examples include . 
demand for housing (Lee and Trost), brand name 
selection and orange juice consumption (Lee, 
Brown, and Schwartz), coupon promotional 
programs and demand for orange juice (Lee and 
Brown 1985), and at-home and away-from-home 
food expenditure patterns (Lee and Brown 1986). 
Switching regression models have provoked some 
interesting debate in econometric literature. 
Poirier and Raud argue that inherent confusion 
in the endogenous switching model specifica- 
tions can cause ambiguous interpretation prob- 
lems. However, as Maddala points out, the ob- 
servational equivalence in model specifications 
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which Poirier and Ruud observed essentially is 
two different ways of writing the same model 
(p. 285). He concludes that there is no ambi- 
guity of inferences arising from endogenous 
switching models and that they are important and 
useful tools for many economic research appli- 
cations. Nevertheless, the appropriate interpre- 
tation of coefficient estimates requires further 
exploration. 

The primary objective of this study is to focus 
on proper analysis and interpretation of the em- 
pirical results from selectivity models. Similar 
to McDonald and Moffitt’s analysis of the tobit 
model, this study explores the importance of 
economic interpretations of coefficient esti- 
mates. Specifically, the study will demonstrate 
how different approaches used for assessing 
marginal effects and elasticities from selectivity 
models may produce substantial differences in 
the interpretation of results. The following sec- 
tions develop a generalized model for deriving 
conditional and unconditional marginal effects 
of the explanatory variables specified. An ex- 
ample from the literature is used to illustrate how 
qualitative interpretations may change when the 
marginal effects of the estimated model are 
evaluated with the proposed approach. 


Selectivity Model Specification 


The basic structure of a general selectivity model 
involving two regimes is considered. Given a 
sample of size T, let J* be a T X 1 column vec- 
tor of an unobserved latent variable that sepa- 
rates the sample into two groups or regimes. 
Furthermore, it is assumed that g}” and q” are 
T X 1 column vectors that represent the quantity 
demanded for products 1 and 2 in regimes 1 and 
2, respectively. Thus, the general model that 
consists of two regimes which describe consum- 
er’s demand for products 1 and 2 can be spec- 
ified by a set of simultaneous equations such as 


(1) I> = STk + En fort = 1,2,.. T; 
(2) q = XO On +u, iff e, > —Sart 
(3) ge" =X Ba t vn iff & = See, 


Sar XP, and X@ are matrices of exogenous 
variables with T observations and the number of 
variables equals K, M, and N, respectively; Ty, 
Qn, and B, are parameter vectors with dimen- 
sions of K X 1, M X l and N X 1, respectively. 
The residuals €, are normally distributed with 
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mean 0 and variance 1, and u, and vy, are nor- 
mally distributed with mean O and variances 
2 2 : (1)* 
o; and oy, respectively. Note that g;’ and 
g°” are observed conditional on J*. Because the 
indicator /* in the selection equation (1) is not 
observed, the partial samples of g and q? are 
observed in terms of a binary variable, J, such 


that 
(1.1) [= 1, 


= Q, 


iff e > ~S*7,, 
iff € = St. 


All subscripts, denoting observation £ and/or 
variable k in the sample, have been omitted to 
simplify the presentation. The specification of 
equation (1.1) implies the familiar probit model 


Prob 7 = 1) = @(S7r,), and 
Prob = 0) = 1 — ®(S7,), 


where @(.) denotes the standard normal distri- 
bution function. Based on equation (1.1), the 
observed conditional demand equation in each 
regime can be rewritten as 


(2.1) g?=X%a,,+u, iff! = 1, and 


(3.1) g?=X%B, +, ifff=0. 

Given that in practice g‘” is observed if and 
only if Z = 1, and q® is observed if and only if 
I = 0, there is a sample selectivity problem in 
the observed data. The problem arises because 
the model implies that the unobserved distur- 
bance e of the selection criterion equation is cor- 
related with the unobserved disturbances of u 
and y of the demand equations (2.1) and (3.1). 
Following Maddala, the conditional expected 
demands for g‘” and g are derived as 


(2.2) Elg = 1) = X%a,, — wPo and 
(3.2) EOI = 0) = XB, + wo,,, 


and k = 1,2,..., K; 


form = 1,2,..., M; and 


forn = 1,2,..., N. 


where oa, and O, are the cov(u, €) and covy, 
€), respectively; w = (St,)/@(S7,), and w® 
= 6(St,)/[1 — P(Sr})]; and @(.) is the standard 
normal density function. 

For estimation purposes, equations (2.2) and 
(3.2) are specified as 
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(2.3) qP = X an — wa, + EP, and 


(3.3) g?= XB, + WPO + EP, 


where ¿£™ and €® are new residuals with zero 
conditional means and heteroscedastic vari- 
ances. In essence, the above specified model re- 
quires two steps in the estimation process. First, 
the probability of sample entry is estimated from 
equation (1.1) by a probit procedure; second, 
after estimates of Ty, w”? and w® are computed, 
they are added to equations (2.3) and (3.3) as 
omitted variables to account for sample selec- 
tion bias. Given that the variance of the resid- 
uals is heteroscedastic in nature, equations (2.3) 
and (3.3) should be estimated by weighted least 
squares. In what follows, it can be shown that 
the conventional interpretation of marginal ef- 
fects based on estimated coefficients is not strictly 
appropriate if demand equations include a sub- 
set of independent variables that also appear in 
the specification of the selection equation. 


Conditional and Unconditional Marginal 
Effects 


As Maddala points out, the marginal effects from 
the model can be assessed in three different ways, 
depending on the purpose of the research and 
the desired information (pp. 159-60). The first 
measurement of marginal effects can be derived 
in terms of the latent variables such as q‘” and 
g°”, which represent desired or potential quan- 
tities. If the objective is to predict the mean of 
potential quantities demanded, then the esti- 
mated coefficients, a and 8, obtained from 
equations (2) and (3) would represent the ap- 
propriate marginal effects. In addition, two other 
measurements of marginal effects, conditional 
and unconditional, can be derived from the es- 
timated model based on observed or actual 
quantities demanded. The following analysis fo- 
cuses on obtaining predictions from the esti- 
mated model based on observed rather than 
unobserved potential quantities. 

For simplicity, let z be the exogenous variable 
such that z E (S N X® N X™). In other words, 
z represents a common explanatory variable 
which is included in the specification of equa- 
tions (1.1), (2.3), and (3.3). By taking partial 
derivatives of equations (2.2) and (3.2) with re- 
spect to z, one obtains the conditional marginal 
effects of z on g and q® as 
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(4) ElV = 1)/az = a — o,,(dw™ /9z), 
= A + TyL(ST)WY? + (WY), 
(5) d8E(g?ll = 0)/az 
= B- 70,[(St)w? — (wy), 


and 


where œ, B, and 7 are parameters associated with 
the z variable in the demand and selection equa- 
tions (Poirier and Ruud). As shown in equations 
(4) and (5), œ and B alone account for only a 
portion of the marginal effects derived from 
equations (2.3) and (3.3). Thus, any interpre- 
tation of marginal effects based primarily on the 
as and Bs may be misleading because the effects 
of the second terms in equations (4) and (5) were 
not evaluated (Dolton and Makepeace). As noted 
earlier, equations (4) and (5) represent the mar- 
ginal effects that are conditional on partial sam- 
ple observations specific to each regime. Ad- 
ditional information can be derived based on all 
observations with respect to each product. Spe- 
cifically, the unconditional expected values, 
E(q”) and E(q™), can be written as the proba- 
bility of a regime being selected multiplied by 
the conditional expected value associated with 
the selected regime. Thus, 


(6) Eg) = STEH = 1), and 
(7) Eq) = [1 — D(S7,]E(q@l = 0). 


Following McDonald and Moffitt, it can be 
seen that the marginal effects based on the total 
sample for a product can be decomposed into 
two parts: 


(6.1) dE(q™)/dz = D(S7,)[9E(Q? H = 1)/8z] 
+ Elg = 1)[8@(S7,)/dz], 
= al) + TALX V amn + (STe. 


The first part represents the change in the ob- 
served q™ weighted by the probability that re- 
gime | is selected; the second part represents the 
marginal probability, 7O(.), or the change in the 
probability of regime 1 being selected weighted 
by the expected value of q™® if regime 1 is se- 
lected. Similarly, the marginal effects based on 
the total sample for product 2 in regime 2 can 
be shown as 


(7.1) dE(g®)/dz = Bll — EN 
— th(.)[X°B, + (St%)Ovel- 


In addition, the total unconditional marginal ef- 
fect can be obtained from equations (6.1) and 
(7.1). Let q be the total demand for both q” and 
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q” regardless of whether it is observed for re- 
gime 1 or 2. By combining both equations (6.1) 
and (7.1), the effect of a change in the z variable 
on total demand for both products can be written 
as 


(8) dE(g)/dz = a®(.) + BIL- O(.)] 
+ TORX P an — X°B,) 


T (ST) Oue Bi Tya). 


The derivations of equations (6.1), (7.1), and 
(8) provide important economic interpretations 
for decomposing the unconditional marginal ef- 
fects. In general, the interpretations of these 
equations are analogous to those offered by 
Thraen, Hammond, and Buxton for tobit anal- 
ysis. Equation (8), for example, provides the 
basis for evaluating the unconditional marginal 
effect of an independent variable on the total de- 
mand for two products when the variable is in- 
cluded in the specifications of selection equation 
and the demand equations. The first two terms 
represent the quantity response due to actual 
purchase of the product and the last term is an 
adjustment factor for selectivity bias resulting 
from entry or exit from the market. 

Depending on model specifications, slightly 
different formulas can be derived to evaluate 
unconditional marginal effects from estimated 
results. Necessary adjustments for assessing 
marginal effects under various model specifi- 
cations are summarized in table 1. Equations (8)— 
(13) in table 1 are a guide for appropriate eval- 
uation of the total unconditional marginal effect 
for any given independent variable on demand 
for g® and g®. As shown in table 1, the need 
to adjust the estimated coefficients in the com- 
putation of unconditional marginal effects arises 
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only when an independent variable in the de- 
mand equations is included in the sample selec- 
tion equation. The magnitude of the adjustment 
factors is the same regardless of whether the 
variable is included in both or only one of the 
demand equations. Therefore, the underlying 
factor determining whether an adjustment is 
necessary depends on the specification of the 
demand equation relative to the selection equa- 
tion. 

Empirical applications employing Heckman’s 
procedure or tobit analysis are special cases of 
the general selectivity model in table 1. Specif- 
ically, equation (10) is applicable to a single re- 
gime model in which only a selection criterion 
and a demand equation are specified and Heck- 
man’s sample selection procedure is used in the 
estimation process (e.g., Cheng and Capps). In 
this case, the conditional marginal effects should 
be adjusted using equation (5). The uncondi- 
tional effects can be evaluated and decomposed 
as shown in equation (10), except for the terms 
X%q,, and Ce Similarly, the tobit analysis is a 
special case of equation (12) in which the sam- 
ple selection process is embedded in the demand 
equation as a single equation model. Thus, 
equation (12) corresponds to the unconditional 
marginal effect of a@(.) for an explanatory vari- 
able, as McDonald and Moffitt demonstrated for 
tobit analysis. 


Application and Interpretation of Results 


The data used for the illustration in this study 
are drawn from a recent study by Lee, Brown, 
and Schwartz (LBS). They developed a switch- 
ing regression model similar to that of equations 


Table 1. Decomposition of Total Unconditional Marginal Effects for Various Selectivity Model 
Specifications 
Marginal Effect of a Change in Variable z on Demand 
i : Resulting from 
Variable z included Actual Selectivity Bias Adjustment from 
Equation (1.1) (2.3) (3.3) Purchase Entry or Exit from the Market 
a) + 
(8) i j g BIL — &.)] TO. [KP a, ~ XPB,) + (STT — Ore) 
(9) + + P(.) 7O(.)[XPa,, — XB,) + (ST Oue — Ore) 
(10) - = BU — K.) TOLAK Am — XPB,) + (STA Oue — Fred] 
(11) x - aP(.) + 
BU — G(.)) 
(12) ? aP.) 
(13) = Bll — &.)] 
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(1.1), (2.3), and (3.3) to examine the demand 
for national brand and private label frozen con- 
centrated orange juice (FCOJ) in the United 
States. They used a two-stage estimation pro- 
cedure for studying the joint determination of 
the self-selection process of brand labels and the 
demand for FCOJ. LBS reported that the de- 
mand for national brand frozen concentrated or- 
ange juice is more price responsive than that for 
the private label. They also found that socio- 
economic and demographic characteristics gen- 
erally have opposite impacts on the demand for 
these two products. Furthermore, LBS con- 
cluded that while national brand FCOJ is a nor- 
mal good, the private label FCOJ is an inferior 
good and the consumption patterns are quite dif- 
ferent between the two brands of FCOJ. 

As previously discussed, marginal effects ob- 
tained from switching regression models may be 
assessed in terms of unobserved potential or ob- 
served actual quantities. LBS interpret their re- 
sults on the basis of desired or potential effects. 
Thus, their interpretations of the results based 
on the estimated regression coefficients may be 
appropriate because the study’s purposes and in- 
terests were focused on the latent variables of 
the model. However, for our study, the alter- 
native interpretations based on observed quan- 
tities demanded are discussed using the LBS 
study. The analysis extends the LBS results to 
illustrate that additional information and differ- 
ent interpretations can be derived from the es- 
timated results if the marginal effects are eval- 
uated in terms of actual observations instead of 
unobserved latent variables. 
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Results of the LBS ‘study are partially repro- 
duced in table 2. The conditional and uncon- 
ditional marginal effects were computed using 
equations 4), (5), and (8) based on the sample 
information and estimated parameters reported 
by LBS. Cepending on the magnitude of the ad- 
justmeat, the sign on marginal effect may differ 
from tke estimated coefficient. For example, af- 
ter selection bias was considered, the results 
sugges” that female employment, female edu- 
cation, anc female age all have negative rather 
than positive effects on per capita demand for 
private brand FCOJ (table 2). In general, the 
signs om mzrginal effects for national brand FCOJ 
were not changed, but the coefficients tend to 
be smaller relative to the LBS unadjusted esti- 
mates. For private label FCOJ, the signs on 
marginél effects in most cases were changed and 
these szgns along with the size of the marginal 
effects become more consistent with those of 
nationa. brand FCOJ. 

From the perspective of commodity demand 
analysis, it is of interest to determine how var- 
ious socioeconomic and demographic factors af- 
fect demand for FCOJ regardless of brand la- 
bels. To this end, the corresponding unconditional 
marginal ef-ects are presented in table 2. Except 
for inheren: conceptual differences, the inter- 
pretatior of unconditional marginal effects is quite 
straightsorward and does not require further 
elaborat.on. 

As showr in table 2, this study suggests that 
a simila re_ationship exists between per capita 
demand for national brand FCOJ and private la- 
bel FCOJ except for the presence of children and 


Table 2. Estimated Conditional and Unconditional Marginal Effects of Selected Explana- 
tory Variables in the Demand for Frozen Concentrated Orange Juice 





Regression Coefficients 


Coaditional Effects 


Probit National Private Waticnal Private 
Explanatory Variables Model Brand Label Brard’ Label’ Unconditional’ . 
Cents-off .0061 39715 .1903 -3647 .4254 3811 
Female employment — .G031 — .0875 .0489 — 0708 — .0706 — 0690 
Female education — 0630 —1.6176 1.6819 =1292 —.7457 — 1.0678 
Female age —.0049 —.1439 .0766 = FIG = 1122 = J) 123 
Income .O110 3918 — 0949 Seal .3290 3251 
Children —.0261 .9888 =,9292 1.1290 —1.9350 1385 
Family size .0082 — 1.4702 — .9783 —1.5142 = 6623 —1.2394 
Winter .0236 2.2763 .0711 2.1495 .9805 1.7522 
Spring 0405 .8294 — .0633 6119 1.4973 8791 
Summer ~ .5658 —.5658 -7069 —.4149 = 3159 — 3859 
Atlantic region .0826 2.3971 — 1.0045 1.9534 2.1784 1.9795 
Central region — .0774 —5.2288 2.5073 -4.8131 —.4752 —3.3447 
Southern region —.0740 —3.8270 3.4680 3.4295 .6165 —2.0589 


Source: The estimated demand parameters reproduced here are obtained from Le=, Brown, and Schwartz (table 4, p. 6). Only those 
variables that require adjustments in the computation of relevant marginal effects ace presented. 


* Computed from equations (4), (5), and (8), respectively. 
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for households that reside in the southern region 
of the United States. Furthermore, if the income 
effect is based on actual rather than potential 
purchases, private label FCOJ is considered as 
a normal good rather than an inferior good, as 
LBS suggest. After adjusting for selectivity bias, 
the results show that the income effects based 
on actual purchases of national brand and pri- 
vate label FCOJ are .3327 and .3290, respec- 
tively. The consistency of the income effects 
suggests the demand for FCOJ reflects primarily 
differences in shopping behaviors with respect 
to brand name selection. 

LBS reported that the elasticities for cents-off 
for national brand and private label FCOJ are 
.36 and .09, respectively. If, indeed, potential 
buyers of private label FCOJ are highly unre- 
sponsive to special cents-off price discount, an 
advertising campaign in the form of price dis- 
count is clearly not an effective method to pro- 
mote the sale of private label FCOJ. However, 
if the marginal effects are based on actual pur- 
chases, the elasticities for cents-off are .33 for 
national brand FCOJ and .39 for private label 
FCOJ. Again, the analysis shows that con- 
sumers’ response to special price discount in ac- 
tual purchases are very similar for both national 
brand and private label, suggesting the effec- 
tiveness of special cents-off on FCOJ is about 
the same regardless of brand names. 


Conclusions 


The purposes of this study are twofold. First, 
the study calls attention to different approaches 
that may be used for analyzing the estimated se- 
lectivity model results. Second, the study dem- 
onstrates how qualitative interpretations may 
differ depending on whether the marginal anal- 
ysis was based on potential or actual impacts. 
Furthermore, when an independent variable is 
included in the specification of a selection equa- 
tion and the conditional demand equation, some 
adjustments may be required in order to appro- 
priately assess the economic implications sug- 
gested by the data. 

Using the demand for FCOJ as an example, 
the study suggests that the consumption patterns 
are quite similar between national brand and pri- 
vate label when the marginal effects are evalu- 
ated in terms of actual observations instead of 
unobserved latent variables. Specifically, the re- 
sults show that private label FCOJ is considered 
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as a normal (inferior) good if the income effect 
is assessed based on actual (potential) pur- 
chases. The estimated cents-off price elasticities 
for private label FCOJ also vary substantially 
depending which approach is used in the anal- 
ysis. 

Although correction for self-selectivity bias is 
imperative for obtaining unbiased coefficient es- 
timates, the study demonstrates the importance 
of distinguishing the different approaches upon 
which assessment of the empirical results and 
interpretations are based. The same approach can 
be applied to other forms of selectivity models, 
such as the popular Heckman sample selection 
procedure. 


[Received July 1989; final revision received 
May 1990.] 
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Erratum 


Corrected materials are presented below for errors that 
occurred in an article entitled “The Demand for Ca- 
nadian Fats and Oils: A Case Study of Advertising 
Effectiveness,” by Ellen W. Goddard and Alex K. 
Amuah, in the August 1989 issue of this Journal, 
pages 741-49 (Amer. J. Agr. Econ. 71(1989):741— 
49). 


Advertising Elasticities 


The advertising elasticity table (p. 747) is erroneous. 
The corrected advertising elasticities are as follows: 


Table 6. Advertising Elasticities 


Margar- Short- Vegetable 
Butter ine ening Qils 

Mean 
Butter .005 — .06 -— 02 .003 
Margarine —.01 .04 O01 = 05 
Shortening —.04 14 .03 .07 
Vegetable 

oils 04 .06 02 .07 
1986:4 
Butter .001 —.05 —.02 — 02 
Margarine .0002 .05 .02 .01 
Shortening  —.01 .08 .03 .05 
Vegetables 

oils .02 —.01 —.01 .0001 


The text of the paper beginning with the first new 
paragraph, column 2, page 747 should be corrected 
as follows: | 


Regarding the cross-advertising effects, margarine 
advertising has had a negative effect on butter de- 
mand. On average, a 1% increase in the advertising 
of margarine leads to a 0.06% reduction in the de- 
mand for butter. The effect of butter cross-advertis- 
ing on margarine is smaller than the cross-effect from 
margarine on butter on average. A 1% increase in the 
advertising of butter leads to a 0.01% decrease in the 
demand for margarine on average. 

Vegetable ail advertising has a slight positive ef- 
fect on butter demand. On average a 1% increase in 
the advertising expenditures of shortening leads to a 
0.02% decrease in the demand for butter. 

On average, margarine demand responds posi- 
tively to shortening advertising. A 1% increase in the 
advertising of shortening leads to a 0.01% increase 
in the demand for margarine. Margarine responds 
negatively to vegetable oil advertising. A 1% in- 
crease in the advertising of vegetable oil leads to a 
0.05% reduction in the demand for margarine. 

Butter advertising has a negative effect on short- 
ening and margarine demand. A 1% increase in the 
advertising of Sutter leads to a .04% decrease in the 
demand for shortening on average. Margarine ad- 
vertising does not have a negative effect on short- 
ening demand. A 1% increase in margarine advertis- 
ing leads to = .14% increase in the demand for 
shortening on average. 

A 1% increase in the advertising of butter leads to 
a .04% increase in vegetable oil demand. A 1% in- 
crease in the acvertising of margarine leads to a .06% 
increase in vegetable oil demand. A 1% increase in 
the advertising of shortening leads to a 0.02% in- 
crease in the d:mand for vegetable oil. 


Comments and Replies 


The Impact of Increased LDC Food Production 
on LDC Food Imports: Comment 


Patrick J. Gormely 


If a less developed country (LDC) increases its food 
production, will its food imports decrease or in- 
crease? This question is of obvious importance not 
only to those concerned with development of LDCs 
but also to agricultural exporters in the United States 
and elsewhere.’ 

In a series of papers (beginning with one in this 
Journal) de Janvry and Sadoulet ‘hereafter JS) have 
used simulation models to examine the impact of in- 
creased LDC food production on LDC food imports 
(1986, 1988; De Janvry, Sadoulet, and White). I of- 
fer a critique of their model after presenting a brief 
background to the debate. 


Two Answers to the Question 


Two opposing views exist. On one side are those who 
argue that increased food production will lead to de- 
creased food imports. Examples are provided by the 
LDC “food gap” (“food crisis”) literature that proj- 
ects LDC food production, food consumption, and 
food imports. All the projections of which I am aware 
show that the more rapid the growth of food produc- 
tion, the slower the growth of food imports. In these 
projection models, the stimulus imparted to LDC 
economic development by a given increase in LDC 
food production is not large enough to cause an 
equivalent increase in food consumption, so food im- 
ports decrease.* Similar views have been expressed 


Patrick J. Gormely is an associate professor, Department of Eco- 
nomics, Kansas State University. 

Sometimes the issue posed is the impact of U.S. assistance to 
LDC agriculture on LDC agricultural imports from the U.S. This 
formulation introduces two additional, separate issues: the impact 
of U.S. assistance on LDC agricultural development and the U.S. 
share of LDC agricultural imports. These two separate issues are 
omitted here in order to focus on the central issue: the impact of 
increased LDC agricultural production (however caused) on LDC 
agricultural imports (from whatever source). 

? FAO (1981) projects LDC food production and consumption to 
the year 2000, assuming both an “ambitious improvement” over 
past trends (scenario A) and a “modest improvement” over trends 
(scenario B). For 90 developing countries together, in the year 2000, 
scenario A’s cereal production exceeds B’s by 90 million metric 
tons (MT), but cereal consumption is higher by only 49 million 
MT, so cereal imports are 41 million MT lower. 

Paulino also projects the food gap for year 2000. He says that 
“the potential food gap can ultimately be closed by accelerating 
[food] output growth in developing countries. . .” (p. 56). Also 
see IBRD (pp. 73-74). 


by food exporters in the United States, who are wor- 
ried that increases in LDC food production (perhaps 
caused by U.S. assistance to LDC agriculture) will 
lead to reduced LDC food imports. These groups, 
too, have in mind models of development wherein 
increases in LDC food production do not lead to 
equivalent increases in food consumption, so food 
imports decrease. 

In striking contrast to these views, some econo- 
mists have argued that increases in LDC food pro- 
duction will lead to increased LDC food imports.? 
Mellor has long argued that exporters of food to LDCs 
will benefit from increases in LDC food production: 
“Perhaps surprisingly, policies which stimulate de- 
velopment of the domestic agricultural sectors of these 
countries are likely to provide the most rapid growth 
in their agricultural imports” (1978, p. 38). And, more 
recently, Mellor has argued that “It is one of the par- 
adoxes of Third World Development that, as the rate 
of technological change in food production increases, 
many developing countries find demand increasing 
even more rapidly, with consequent increases in food 
imports. Bachman and Paulino (1979) show that rapid 
rates of Third World agricultural growth are associ- 
ated with increases in food imports” (1988b, pp. 424— 
25). 

Others who have recently argued that increased LDC 
food production will lead to increased LDC food im- 
ports include Houck, Kellogg, Paarlberg, and Pur- 
cell. These authors have in mind models of devel- 
opment wherein the stimulus imparted to LDC 
economic development by a given increase in LDC 
food production is large enough to cause more than 
an equivalent increase in LDC food consumption, so 
food imports increase.* 


> Those so arguing share the hope that there is a harmony be- 
tween the economic interests of U.S. and LDC agricultural pro- 
ducers. 

$ I think these arguments are erroneous, but this is not the place 
for a detailed criticism. One point here will suffice. Mellor cites 
(as do many others) the Bachman-Paulino finding that the sixteen 
countries experiencing (during 1963~75) rapid growth of food pro- 
duction (58%) increased their food imports by 133%. Overlooked 
or ignored by all these authors is that Bachman-Paulino also showed 
{table 23, p. 86) that the 70 countries experiencing slower growth 
of food production (30%) increased their food imports by 332%. 
The Bachman-Paulino figures cannot serve as evidence that faster 
food production growth leads to faster food import growth. Spe- 
cifically, Mellor’s assertion of an association between rapid rates 
of agricultural growth and increased food imports is misleading. 
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The de Janvry-Sadoulet Simulation Model and 
the Interpretation of Its Results 


The JS simulation model represents an important im- 
provement in the tools brought to bear on the ques- 
tion of the impact of increased LDC agricultural pro- 
duction on LDC agricultural imports. As I hope is 
clear, my criticism is directed not against their im- 
portant modeling effort but rather against their inter- 
pretation of its results. 

In the JS model the LDC has three sectors: tradable 
agriculture (using labor and a fixed amount of land 
as inputs), nontradables (using labor and capital as 
inputs’, and tradable industry (using labor and im- 
perfectly substitutable domestic and imported capital 
goods as inputs). The assumption that tradable in- 
dustrial production uses imported capital goods plays 
a key role. This assumption makes the quantity of 
foreign exchange available for importing capital goods 
a crucial constraint on economic growth. And this in 
turn means that agricultural growth’s essential con- 
tribution to the LDC’s total economic growth is to 
allow a reduction of agricultural imports, thereby 
freeing foreign exchange to pay for additional im- 
ported capital goods. How does a model making a 
reduction of agricutural imports a driving force in de- 
velopment end up predicting an increase in those same 
agricultural imports? It turns out that one or the other 
of two questionable assumptions is necessary. 

The base-line simulation assumes that the LDC is 
exporting tradable industrial goods and importing both 
agricultural goods and capital goods. The model then 
simulates the impact of a limited technological change 
in agriculture on the volume of LDC agricultural im- 
ports. A 15% increase in land productivity is as- 
sumed. The technological change causes agricultural 
production to increase. The increase in agricultural 
production exceeds the consequent increase in agri- 
cultural consumption, so agricultural imports de- 
crease. (Note that such an import decrease is pre- 
dicted by both partial and general equilibrium static 
analysis.) The dynamic JS model now goes to work. 
The decrease in agricultural imports frees foreign ex- 
change, allowing an increase in the importation of 
capital goods, thereby causing a subsequent increase 
in industrial production. After some years the cu- 
mulative growth of the economy and the consequent 


income increases are large enough to cause the in-` 


crease in agricultural consumption to equal the orig- 
inal limited increase in agricultural production, thereby 
returning agricultural imports to their original level.° 

This appears to support the JS conclusion that “tech- 


$ JS (1986) used a two-sector model. I focus on the latest for- 
mulation (1988), 

é JS (1988) reports two types of limited (15%) increase in land 
productivity. In the first the increase takes place all in one year; it 
takes more than 12 years for agricultural imports to return to their 
original level. In the second the increase in productivity takes pace 
over 10 years (averaging 1.4% per year); it takes more than 17 
years for agricultural imports to return to their original level. 
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nologica. chenge in LDC agriculture can create strong 
economr-wide growth and income effects with the 
potential of increasing the level of agricultural im- 
ports in future years” (1988 p. 1). 

But thas ccnclusion that the LDC’s agricultural im- 
ports eventuzlly return to and then go on to exceed 
their original level depends upon the unrealistic as- 
sumptior of a limited increase in agricultural pro- 
ductivity The assumption is unrealistic because, if 
development is constrained by the quantity of im- . 
ported capital goods, it will presumably be in the 
LDC’s irterest to produce substitutes for all imports 
except tte imported capital goods which it cannot 
produce. Thi: means that the LDC will have an in- 
centive © reduce agricultural imports as much as 
possible, so >ne cannot view the agricultural pro- 
ductivity increase as a one-time increase that will 
eventually be >vercome by demand increases. A more 
realistic simu_ation is one incorporating a sustained 
increase in agricultural productivity. 

In fact. JS zeport the result of a sustained increase 
of 1.4% per year in land productivity, but they give 
it inadeqrate attention. JS report that “with a sus- 
tained 1.-% productivity growth in agriculture and 
O[%] procucti ity growth in industry, import demand 
for food cnd eed grains falls continuously, and the 
country e~entwally reaches self-sufficiency (1988, p. 
21 and fig. 4). [My emphasis added.] 

I suggest this simulation result destroys any claim 
of compaubilry between increases in LDC agricul- 
tural production and increases in LDC agricultural 
imports. On tie contrary, the JS model shows that 
sustained Droductivity growth in agriculture by itself 
will cause agricultural Amports to decrease until they 
eventually reach zero.’ 

JS (1983) dò show that if, in addition to the sus- 
tained product-vity growth in agriculture, there is a 
arge enouzh aitonomous productivity growth in the 
industrial <radables sector, the demand for agricul- 
tural products will increase enough eventually to cause 
agricultural im3orts to return to and then exceed their 
original level. {n effect, JS have shown that sustained 
agricultura! productivity growth is compatible with 
agricultura. im>ort growth only if it is accompanied 
by sufficiently rapid autonomous’ growth of. the in- 
dustrial tradabl2s sector. This is analogous to show- 
ing that the application of kerosene is compatible with 
extinguishing £ fire if accompanied by the applica- 
tion of sufficiertly large amounts of water! The word 
“compatibl” iz inappropriate in both arguments. 


An Alternative Interpretation 


At first glance it appears tht the JS model supports 
the argumert thet increased LDC food production leads 
to increased LDC food imports. But the interpreta- 


” Of course, arodictivity increases in agriculture can take the LDC 
beyond agricu tural self-sufficiency, turning the LDC into an ex- 
porter of agricaltured products. 


Gormely 


tion of the JS results presented here shows this 
impression is wrong. The JS simulation shows an es- 
sential incompatibility between sustained LDC agri- 
cultural growth and LDC agricultural import growth, 
an incompatibility which can be prevented from man- 
ifesting itself only if there is sufficiently rapid au- 
tonomous growth in the nonagricultural parts of the 
economy. Contrary to first impression, the JS model 
supports the argument that increased LDC food pro- 


- duction leads to decreased LDC food imports. 


There has been in recent years a gradual change of 
emphasis in the argument of writers who see har- 
mony between LDC agricultural growth and in- 
creases in LDC agricultural imports. In the past, some 
proponents of harmony argued or appeared to argue 
that LDC agricultural growth by itself could stimu- 
late enough LDC economic growth to cause LDC ag- 
ricultural imports to increase (Mellor 1978, 1983). 
Recent statements are sometimes more guarded, 
mentioning “growth arising autonomously in other 


sectors” (Mellor 1986), “some additional growth ini- | 


tiated outside of agriculture” (Mellor 1988a), and 
“growth independently generated in the rest of the 
economy” (Islam) as contributors to the economic 
growth that eventually causes LDC agricultural im- 
ports to increase. The JS model shows that these 
qualifications to the previous arguments are needed. 


[Received March 1988; final revision received July 
. 1990.] 
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The Impact of Increased Food Production on Less 
Developed Country Food Imports: Reply 


Alain de Janvry and Elisabeth Sadoulet 


We are pleased that Patrick Gormely correctly re- 
states, in his own language, the same conclusions 
which we have reached in our analyses of the impact 
of less developed country (LDC) productivity growth 
in cereals on their import demand for these same 
commodities: that, unless productivity growth in cer- 
eals is accompanied by productivity growth in other 
sectors of the economy or by additional income in- 
creasing measures, the LDCs cereal imports will de- 
cline. As Gormely also correctly points out, the sig- 
nificance of these results is to dismiss statements that 
have been made by many that conflicts between “aid” 
(the promotion of productivity growth in LDC cer- 
eals prceduction) and “trade” (LDC cereal import de- 
mand) simply do not exist. We showed, through gen- 
eral equilibrium modeling, that there is a time path 
whereby import demand first tends to fall. Whether 
income effects, including those induced by produc- 
tivity growth in cereals, eventually accelerate effec- 
tive demand beyond domestic production depends on 
a number of structural features and policy interven- 
tions which allow the eventual achievement of har- 
mony between aid and trade. 

What remains unstated in Gormely’s comment are 
two other fundamental aspects of these results. The 
first is that most LDCs cannot escape the need to in- 
crease productivity growth in their food/feed grains 
sector as a source of foreign exchange savings if their 
foreign exchange earning opportunities are not suf- 
ficiently buoyant in agroexports, mining, or manu- 
facturing, an unfortunate reality for many late-com- 
ing LDCs in today’s international economy. For this 


Alain de Janvry is a professor, and Elisabeth Sadoulet is a lecturer, 
Department of Agricultural and Resource Economics, University 
of California, Berkeley. 


reason, green revolution-type aid to LDCs is, per- 
haps unfortunately from the standpoint of more de- 
veloped country (MDC) exporters, a necessary com- 
ponent of any meaningful aid program. 

The second is that there exists a wide panoply of 
complementary developmental interventions that can 
be used te reduce this conflict, at least when calcu- 
lating the present value of net trade effects with rea- 
sonable discount rates. These interventions include 
assistance to productivity growth in other sectors of 
the economy, particularly those which are more labor 
intensive and thus create larger multiplier effects on 
food demand. Reconciliation through productivity 
gains in manufacturing is consequently easiest in the 
newly industrialized countries where those other sec- 
tors are already large. Interventions also include the 
greater opening of MDC markets to LDC manufac- 
tures and agroexports as well as initiatives to reduce 
the debt burden on LDCs. Structural reforms that 
promote equity and policy reforms that reduce anti- 
labor biases also increase aggregate effective demand 
for cereals. Reforms that create income effects have 
the greatest long-run payoffs in terms of import de- 
mand in the lowest income countries since it is where 
budget shares and income elasticities for staple foods 
are the highest. 

These results suggest that the reconciliation of 
eventual aid-trade conflicts requires going beyond a 
project-by-project approach to aid and relocating such 
interventions within the broader picture of their in- 
tersectoral, intertemporal, and interpersonal effects, 
a vision which has unfortunately been increasingly 
lost among international development agencies which 
have too often reduced the difficult task of devel- 
opment to the simpler one of project evaluation. 


[Received August 1990; no revision.] 
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Marketing Order Impacts on Farm—Retail Price 


Spreads: Comment 


Nicholas J. Powers 


In a recent article in this Journal, Thompson and Lyon 
(TL) reported that the FOB-retail price spreads for 
California-Arizona (CA) navel oranges narrowed when 
marketing order handler prorates were suspended 
during the 1984/85 season (p. 657). TL’s findings 
are suspect for several reasons. 

One; TL’s prices are for a heterogenous commod- 
ity, which makes it impossible to accurately differ- 
entiate the effect of varying quality from a suspen- 
sion. The composition of shipment grades and sizes 
changes over time (and even if they did not change, 
the proportion of shipments in each grade and size 
category does). This point is important because when 
shipments include relatively large volumes of unde- 
sirable sizes and grades, the price spread widens be- 
cause of large shrink.’ 

Two, TL’s analysis is based on weekly data for the 
last half of the 1984/85 season and the subsequent 
two seasons. They did not identify the suspensions 
during the 1985/86 and 1986/87 seasons. Failure to 
correctly identify the suspension periods can influ- 
ence the findings. 

Three, TL’s price spread specifications are suspect 
in lieu of the findings by Pick, Karrenbrock, and Car- 
man that weekly price spreads for fresh CA navels 
display asymmetric response to changes in the FOB 
price and the lag adjustment to FOB price changes is 
one to three weeks.* TL also assumed that the mar- 
keting margin equations are in reduced form, but re- 
tail and FOB prices and shipments are determined 
simultaneously with handler’s supply and the retail 
demand for navels. Consequently, an instrumental 
variable estimator is appropriate. 

Four, TL’s explanation of prorates’ influence on 
price spreads is that producers and handlers favoring 
prorate maintained that the price spread increased as 
FOB prices fell while actual retail prices persisted at 
previous levels. Consumer advocates argued that the 


The author is an agricultural economist with the Economic Re- 
search Service, U.S. Department of Agriculture. 

The views expressed herein do not necessarily reflect those of 
the U.S. Department of Agriculture. 

The author acknowledges the helpful comments of an anonymous 
Journal reviewer. 

! In the produce industry, shrink refers to the difference between 
what is sold at retail and what is shipped by handlers. Most shrink 
is the result of product deterioration, with the product ending-up in 
the garbage bin. 

* Two of TL’s price spread series are the same as used by Pick, 
Karrenbrock, and Carman. 


availability of a greater quantity and a wider variety 
of sizes benefited consumers and narrowed price 
spreads (p. 649). This explanation 1s vague. 

In this comment, the influence of a suspension on 
price spreads is analyzed by overcoming the last three 
problems of TL’s article. The findings of this anal- 
ysis illustrate that TL’s findings are sensitive to the 
time period examined, data, and methods of analysis, 
and the comment also explains a suspensions’ influ- 
ence on price spreads. However, this analysis, like 
TL’s, is limited by using average prices, which pre- 
vents an accurate measurement of the influence of 
varying product quality. 


FOB-Retail Price Spreads 


A static marketing margin equation similar to TL’s 
is appropriate because such an equation is consistent 
with the monthly data of this analysis and the find- 
ings by Pick, Karrenbrock, and Carman that lag ad- 
justments occur mostly within the month. The rela- 
tive model is used to analyze the price spread 
(Wohigenant and Mullen). In linear form it is 


M, = bo + BRP, + boRP,Q, + bsMIP, + b,APR, 
+ bsMAY, + bJ UN, + b,SUSP, + e, 


where the subscript f is the monthly observation, e is 
the residual term, the b’s denote the estimated inter- 
cept and estimated coefficients for the explanatory 
variables, M is the retail~FOB marketing margin for 
fresh navel oranges (the difference between the retail 
and the FOB prices), RP is the retail price, and MIP 
is the marketing input prices.’ While TL inserted a 
seasonal binary variable for May, in this analysis bi- 
nary variables for the last three months of the mar- 
keting season (April, May, June) are included to 
measure seasonal effects. The influence of a suspen- 
sion on average price spreads is measured by SUSP. 
The binary variable SUSP equals one for a suspen- 
sion and zero otherwise. In contrast with TL, this 
analysis identifies all of the suspension periods dur- 


? The marginal cost and markup models were eliminated as pos- 
sible specifications for the marketing margin because the (unre- 
ported) results of the nested and nonnested tests clearly did not 
accept these models. Wohlgenant and Mullen reported similar find- 
ings for beef, but TL reported that the markup model was preferred 
to the others. 
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ing the 1982/83 to 1987/88 seasons.* The monthly 
data are mostly from November through June for the 
seasons from 1979/80 to 1987/88. 

Increases in the retail price and marketing input 
prices are expected to widen the marketing margin. 
Increases in the quantity of navels are expected to 
widen the marketing margin if the supply curve of 
marketing inputs is upward sloping, which is plau- 
sible in the short run. 

A larger proportion of fresh navels shipped during 
the later months of the marketing season is of lower 
grades, which results in greater shrink and larger price 
spreads for these oranges. The monthly binary vari- 
“ables account for the positive influence of these lower 
quality navels on the average price spread. CA Val- 
encias is a substitute for navels which arrive on the 
market beginning in April. Its effect is indirectly 
measured by the influence on the retail price, which 
would fall when Valencias arrive and, thus, decrease 
the price spread. The negative influence of Valencias 
on retail prices is also partially imbedded in the 
monthly binary variables if their effect on retail prices 
is different from other demand shift variables. 


Data and Estimation Procedures 


Monthly U.S. retail prices are used in this analysis 
instead of weekly retail prices for the cities used by 
TL. City prices may reflect unique spatial factors. 
Because the data of this analysis cover a longer time 
period than TL’s study, the data of this analysis dis- 
play greater variation of market conditions. Such 
variation reduces the influence of conditions unique 
to one season on the findings. The monthly retail prices 
also allow for estimating the influence of a suspen- 
sion for the United States rather than a few cities. 
Monthly data are adequate for this type of analysis, 
although prorate is administered weekly, because the 
NOAC revises its tentative weekly handler prorates 
about every month. Actual weekly prorates and ten- 
tative prorates are about equal. 


î Following the U.S. Department of Agriculture’s development 
of program guidelines for administering marketing order regula- 
tions in early 1982, the department and the Navel Orange Admin- 
istrative Committee (NOAC) for the first time suspended prorates 
before the end of the season. A suspension occurs when NOAC 
does not use prorate in the industry. The share of the annual crop 
shipped during the suspension varied from 12% to 53% during the 
1982/83 to 1987/88 seasons. TL artificially distinguish the 1984/ 
85 suspension from the others by implicitly arguing that the 1984/ 
85 suspension was entirely unexpected because it was announced 
only days before it went into effect. TL presumably thought that 
the effect of a “planned” suspension is different from an “unex- 
pected” one. This distinction can be important conceptually, but, 
in practice, it is groundless for two reasons. First, USDA and in- 
dustry officials had discussed plans to suspend prorate later in the 
1984/85 season. Second, farm prices exceeded parity and were 
projected to do so for the remainder of the 1984/85 season, and 
the secretary of agriculture is instructed by the enabling federal 
marketing order legislation to suspend regulations under such cir- 
cumstances. 


Amer. J. Agr. Econ. 


Retail prices for fresh navels in cents per pound 
are from the Bureau of Labor Statistics (BLS), U.S. 
Department o7 Labor (USDL). These average prices 
are collected throughout the month by surveying ac- 
tual prices in supermarkets in eighty-five U.S. cities. 
These prices are weighted by the estimated stores’ 
sales, which ere weighted by navel sizes and grades. 
The marketing input price is an average of the pro- 
ducer price index for number two diesel fuel (1982— 
84 = 100), average hourly earnings index for non- 
supervisory workers in wholesale groceries and re- 
lated products (1982—84 = 100), and average hourly 
earnings index for nonsupervisory workers in retail 
grocery stores (1982-84 = 100). These indexes are 
from USDL. Weekly shipments of fresh CA navels 
to the domest: market (defined by the order as the 
continental U.S. and Canada) in million pounds are 
from NOAC’s annual bulletin; they were used to con- 
struct monthly fresh-use shipments.” Weekly ship- 
ments were lazged one week because three to seven 
days usually zre needed to haul navels to retailers 
from handlers. Such lagging of shipments and FOB 
prices, which :s consistent with Ward’s analysis, ac- 
counts for transporting and handling navels. As a re- 
sult the FOB p-ices for navel shipments more closely 
match with the retail prices for the same shipments. 
Monthly FOB rices for fresh CA navels in cents per 
pound are constructed by weighting the one-week lag 
of FOB prices 3y the one-week lag of fresh-use ship- 
ments. Weekir FOB prices are reported in weekly 
NOAC bulletirs. These prices are collected from rep- 
resentative hardlers and weighted by the handlers’ 
fresh-use shipments, which are weighted by sizes and 
grades.° Price data (M, RP, and MIP) are deflated by 
the consumer price index for all items (1982-84 = 
1.00). 

Because sevezal suspensions began during the month 
rather than at the beginning or end of the month, a 
criterion was needed to identify these months as either 
a suspension cr prorate month (SUSP).’ The three 
months that hac between four to eleven days with the 
cne-week lag cf shipments from a suspension were 
identified as prorate months because the bulk of the 
cne-week lag cf shipments were from a prorate pe- 


$ Data on stipments to Canada are unavailable, but industry per- 
sonnel indicate tha. such shipments are a small share of domestic 
sripments. 

6 For FOB price for fresh CA navels, and not the grower level 
price for navels, wes used to compute the marketing margin (even 
though the enabling legislation for marketing orders is intended to 
affect farm prices), because the difference between the FOB and 
grower’s prices, as -eported by National Agricultural Statistics Ser- 
vice (NASS), USDA, is constant over the months of a marketing 
season. Consequenily, the effect of a prerate suspension on mar- 
keting margins is tae same, whether the FOB or grower’s prices 
are used to comput: the marketing margin. 

? Eleven of the 55 observations are from a suspension. TL had 
42 observations for zach city over a data period covering 77 weeks. 
TL consequently hzd about 8 or 9 observations during their 16- 
week suspension period, if the number of observations during the 
1984/85 suspensio: is in proportion to the 42 observations over 
the data period cov: ring 77 weeks. 
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riod. The one month that had seven days with the 
one-week lag of shipments from a prorate period was 
identified as a suspension.* 

In contrast to the approach in TL’s analysis, retail 
and FOB prices and shipments in the marketing mar- 
gin equation are endogenous variables determined si- 
multaneously with handlers’ supply and the retail de- 
mand for navels.” Predetermined variables appearing 
in the retail demand and supply as well as the mar- 
keting margin equations are normally used as instru- 
mental variables when estimating the marketing mar- 
gin equation (Johnston). The supply of fresh-use navels 
is heavily determined by the prorate volume (Thor 
and Jesse). When making the prorate decision, grow- 
ers and handlers consider the price, volume ready for 
shipment, carryin, and other variables. The quantity 
of navels demanded at the retail level is affected by 
the price, income, and other variables. The per capita 
disposable income, carryin of navels, marketing in- 
put prices, and all binary variables consequently are 
the predetermined variables for this abbreviated 
model.'° These predetermined variables were used as 
the instrumental variables in the two-stage least squares 
(TSLS) estimation. 

The smail value of the Durbin-Watson (D-W) sta- 
tistic in the preliminary analysis suggested a positive 
first-order autocorrelation scheme in the residuals. This 
autocorrelation may be partly caused by expanding 
exports. For models with first-order autoregressive 
errors, Fair indicates that the instrumental variables 
should include the predetermined variables in the 
system and also the one-period lag of all endogenous 
and predetermined variables. The marketing margin 
equation then are estimated by TSLS correcting for 
first-order autocorrelation in the residuals using the 
Cochrane-Orcutt procedure (Johnston). The instru- 
mental variables included the variables suggested by 
Fair. 


Empirical Findings 
The estimated results of the price spread model are 


M,= 1.436 + 0.461*RP, + 0.035*RP,Q, 
(0.272) (9.463) (2.611) 


® There were a few early months in several seasons when NOAC 
voluntarily did not use prorate because shipments are small and the 
crop had not matured, but these months did not pose any problem 
since retail prices were not available. 

The prices for marketing inputs and services are assumed pre- 
determined. 

’ U.S. per capita disposable income in dollars is from the Survey 
of Current Business, U.S. Department of Commerce. It was de- 
flated by the consumer price index for all items. Carryin was con- 
structed by subtracting the actual total shipments prior to the be- 
ginning of the current month from the current season’s estimated 
crop. Shipments and intraseasonal crop estimates are from the weekly 
and annual NOAC crop reports; they were lagged one week. 

H The coefficients for the equations estimated by TSLS correct- 
ing for first-order autocorrelation are negligibly different from the 
coefficients estimated by OLS correcting for first-order autocorre- 
lation. Thus, the findings are not sensitive to alternative estimation 
procedures. 
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+ O.S11*MIP, + 0.381*APR, 
(0.108) (1.070) 


+ 2.522*MAY, + 5.393*JUN, 
(3.570) (5.045) 


+ 0.972*SUSP,, 
(2.108) 


Rho = 0.798, R? = 0.892, D-W = 2.012. 
(9.737) 


The estimated coefficients have the expected signs 
and most are significantly different from zero based ` 
on asymptotic f-tests (in parentheses) at the 0.05 sig- 
nificance level. The estimated coefficient for the lagged 
residual term is denoted by rho, while the coefficient 
of determination is denoted by R°. 

In contrast to TL, the estimated coefficient for SUSP 
indicates that the marketing margin increases by nearly 
l¢ per pound during a suspension. If monthly esti- 
mates of the price elasticities of farm supply and re- 
tail demand were available, then the distribution of 
effects among handlers, retailers, and consumers could 
be approximated (Gardner). While estimates of such 
elasticities are not readily available, the magnitude 
of the margin increase is suggested by comparing this 
increase to several prices. For example, the 1¢ per 
pound increase in the marketing margin equals 3.7% 
of the average marketing margin, 2.3% of the aver- 
age retail price, and 5.8% of the average FOB price. 

In contrast to some of TL’s findings, the marketing 
margin widens when the retail price increases but by 
much less than the increase in the retail price. Greater 
volumes also increase the marketing margin. The ef- 
fect of greater volumes has two opposing effects on 
the marketing margin. The lower retail price (from 
greater volumes) reduces the marketing margin, but 
the greater volumes also elevate the price spread. The 
net effect on the marketing margin depends on the 
size of the resulting changes in the retail price and 
volumes. This analysis did not measure the effect of 
a suspension on volumes and prices and the resulting 
impact on price spreads, nor did TL. 

Marketing input prices have a statistically insig- 
nificant effect on the marketing margin, as in TL’s 
analysis, perhaps because of the relatively low vari- 
ability displayed by this series. 

In contrast to TL, the seasonal binary variables in- 
dicate that the price spread increases during the later 
months of the marketing season because a higher pro- 
portion of navels are lower quality, which elevates 
shrink, and perhaps the impact of competing Val- 
encias. 


Concluding Comments 


In contrast to TL, this analysis indicates that the av- 
erage price spread for navels widens during a prorate 
suspension. While the suspension effect could result 
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from a shift in market power between retail buyers 
and handlers, a more plausible explanation is that a 
greater proportion of the fresh navel shipments are of 
lower quality when prorate is suspended. The lower 
quality elevates shrink and, hence, increases mar- 
keting costs and the price spread. Since handler pro- 
rates tend to restrict shipments to the fresh use (Thor 
and Jesse, Shepard), handlers have a profit incentive 
to ship the highest quality navels to the fresh use when 
prorate is in effect because such navels bring the 
highest price and shrink the least. When prorates are 
suspended, profit incentives encourage handlers to ship 
ali navels to fresh use which meet the minimum fresh- 
use quality requirements and will be sold at a price 
above the marginal variable marketing cost. Picking 
and shipping navels which enter processing is prof- 
itable for growers even though grower’ returns are 
often negative because navels used in processing rep- 
resent a part of the production base used in the mar- 
keting order from which the maximum quantity of 
navels eligible for the fresh use 1s calculated. For a 
grower, a larger production base means a greater 
maximum quantity of shipments to the higher-priced 
fresh use. 


[Received January 1990; final revision received 
June 1990.] 
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Spreads: Reply 


Gary D. Thompson and Charles C. Lyon 


In his comment, Powers presents four main criti- 
cisms of our article and attempts to remedy the flaws 
he perceives by estimating an alternative price spread 
model. In this reply, we shall first deal with Powers’ 
criticisms and then comment on the adequacy of his 
revisions on our work and the credibility of his re- 
sults. 

Powers’ first criticism is that because of inade- 
quate data, we were unable to capture important quality 
differences in a “heterogenous” commodity. On the 
contrary, the weekly FOB price series used in our 
analysis were constructed by calculating an FOB price 
weighted by size, grade, and production district price 
differentials (Thompson and Lyon, p. 651). The three 
weighted market-level FOB series thus reflected 
changes in the volume of undesirable sizes and grades. 
Because FOB prices for only those sizes of oranges 
for which retail prices were collected were used to 
construct the FOB series, our weighted FOB prices 
conformed closely to the prices reported in our retail 
price series. Thus, the three price series explicitly 
captured quality effects. Any potential bias intro- 
duced by ignoring grade and size changes through 
time was thereby avoided. As acknowledged by 
Powers, this bias cannot be remedied with the ag- 
gregate data he employs. This is a crucial point be- 
cause Powers concludes that deteriorating product 
quality at the end of the season should cause price 
spreads to increase. 

Powers’ second criticism suggests that we failed to 
properly identify weeks during the 1985/86 and 1986/ 
87 marketing seasons when the industry also oper- 
ated without prorate. Our analysis defined the period 
of prorate suspension as having occurred when the 
U.S. Department of Agriculture (USDA) unilaterally 
suspended prorate during the 1984/85 season. We 
considered the 1984/85 suspension to be fundamen- 
tally different from subsequent periods because of the 
unique circumstances leading up to the suspension. 
First, market conditions were markedly different. 
Freezes in 1984/85 in Florida and Texas left Cali- 
fornia-Arizona (CA) fresh navel oranges with almost 
no competing supplies during the 1985 marketing pe- 
riod. Second, a majority of the fresh domestic crop 
had not yet been shipped. When USDA announced 
the suspension (beginning the first week in February 
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of 1985 and extending for 18 consecutive weeks until 
the end of the season), only 37.6% of the crop had 
been shipped under prorate (Navel Orange Admin- 
istrative Committee [NOAC] Annual Report, 1985). 
Third, and most important, the prorate suspension in 
February 1985 was virtually unanticipated. Industry 
officials admit that the secretary of agriculture’s de- 
cision to suspend the prorate caught them off guard.’ 
In contrast, removal of prorate during the 1985/ 
86 and 1986/87 seasons was fully anticipated, was 
of shorter duration, and occurred under much differ- 
ent supply conditions. At the beginning of the 1985/ 
86 season, USDA notified NOAC on 25 November 
1985 that USDA would issue weekly volume regu- 
lations based upon criteria established by NOAC. Af- 
ter protracted discussions among committee mem- 
bers, NOAC finally agreed on 23 February 1986 to 
three criteria upon which to base the decision to sus- 
pend the weekly prorate.* The prorate in the 1985/ 
86 season was suspended after the week ending on 
13 April when two of the three criteria were met. 
This suspension was clearly anticipated and nearly 
two-thirds of the fresh domestic shipments had al- 
ready been accounted for. Rules regarding suspen- 
sion of the prorate were even more stringent during 
the 1986/87 season as NOAC proposed on 30 Oc- 
tober 1986 that volume controls be imposed in each 
week through the week ending on 23 April 1987; these 
proposed regulations were accepted by USDA, and 
79.9% of the season’s fresh domestic crop was shipped 
before prorate was suspended. In both these seasons, 
supply conditions permitted larger shipments from 
Texas and Florida than during the 1984/85 season. 
Thus the “suspensions” occurring in the 1985/86 and 
1986/87 were clearly different from the 1984/85 
suspension in important ways. Acknowledging these 
dissimilarities, we isolated the 1984/85 suspension 
as the cynosure of our analysis, thereby permitting 
examination of industry and market reaction to this 
unanticipated supply-side policy shock. 


! Industry officials indicated that the decision to suspend the prorate 


was not expected because it was one of the more severe options 
available to the secretary of agriculture and there appeared to be 
little precedent for such an action. 

? NOAC agreed that prorate should be suspended when any two 
of the following criteria were met: (a) the remaining volume in the 
largest district-—-District 1 in central California—was less than 11,500 
carloads (26% of the actual shipments from District 1 in 1985/86 
or 24% of total shipments from all four districts); (b) weekly fresh 
domestic shipments of California-Arizona Valencia oranges ex- 
ceeded 200 carloads; and (c) FOB prices had not declined in three 
consecutive weeks following the weeks ending on 27 Feb. 1986. 
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Powers’ third criticism actually embodies two sep- 
arate but perhaps related issues; dynamic price trans- 
mission and simultaneity. In either case, how our re- 
sults are suspect in light of the Pick, Karrenbrock, 
and Carman (PKC) study is not made clear. The thrust 
of the PKC work appears to be in explaining price 
transmission, not how prorates affect marketing mar- 
gins. Consequently, the models employed by PKC 
explain marketing margins only as a linear function 
of current and past prices; no variables—other than 
a time trend—purporting to explain margins are in- 
cluded in their specification. Furthermore, in the 
margin equation specified by PKC the dependent 
variable is not the FOB-retail margin but rather the 
change in the margin from one week to the next (Pick, 
Karrenbrock, and Carman, p. 77). Thus, while our 
analysis concentrates on explaining the magnitude of 
the spread between FOB and retail prices, the PKC 
analysis focuses on changes in this spread. This dis- 
crepancy leads us to question strongly the relevance 
of the PKC results either as a basis to refute our re- 
sults or as support for the model proposed by Powers. 
Moreover, if simultaneity is a problem in price spread 
models as Powers suggests, then the PKC results must 
also be questioned. Even if the PKC results were di- 
rectly applicable, however, the results of our diag- 
nostic tests for first-order autocorrelation within and 
across equations provide indirect evidence that the 
omission of lagged values of retail prices did not lead 
to misspecification. 

The issue of simultaneity was addressed in our ar- 
ticle (Thompson and Lyon, p. 649). We explicitly 
noted that use of weekly price data precluded spec- 
ification of a structural model. While aggregation of 
weekly data into monthly observations would have 
permitted such a specification, this was undesirable 
for both practical and theoretical reasons. Practically, 
aggregation would have resulted in the loss of suf- 
ficient data points during the prorate suspension on 
which to base the analysis. Indeed, the unique nature 
of the dataset would have been forfeited, rendering 
a valid “with and without” comparison of industry 
behavior under marketing order quantity controls in- 
feasible. Because this was the prime advantage of the 
weekly data, the disaggregated nature of the dataset 
was retained and the reduced-form equations speci- 
fied. This enabled us to identify fifteen data points 
during the 1984/85 suspension period. Monthly data 
would have reduced the number of data points to four. 
Furthermore, use of monthly data requires specifi- 
cation of a monthly dummy variable (such as that 
employed by Powers) tracking suspensions which oc- 
cur at any week during a given month. This neces- 
sarily provides an imprecise measure of the impact 
of suspensions because both suspension and nonsus- 
pension weekly observations are aggregated into 
monthly observations. 

More important from a theoretical perspective, 
monthly observations are inconsistent with the insti- 
tutional setting of the industry. This is because the 
CA navai orange prorate is a weekly policy instru- 
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ment used tc regulate market flows. Powers’ claim 
that prorates are set largely on a monthly basis is not 
consistent wich the fact that actual prorate allotments 
are announce only three to ten days prior to the pe- 
riod of regu.ation (USDA 1988). In addition, an- 
nounced prorate quantities are commonly revised by 
NOAC once, twice, and even three times before the 
end of the weekly period of regulation (NOAC Weekly 
Bulletins}. Clearly then, producers, handlers, and 
distributors cannot consider tentative prorates to be 
equivalent to actual prorates. Indeed, if one assumes 
that weekly p-orates and tentative prorates are “about 
equal,” then the unanticipated events of the 1984/85 
seasons are not subject to analysis. 

To remedy the simultaneity, Powers argues that an 
instrumental variable estimator is necessary. Because 
nearly all the price spread models referred to in the 
literature have been reduced-form models (e.g., 
Wohlgenant aad Mullen), the question of appropriate 
estimators is seldom addressed. The justification for 
utilizing an instrumental variable estimator lies in the 
possible corre ation between the explanatory variable 
and the error term, whether the cause of the corre- 
lation derives “rom simultaneity or other sources. Re- 
cent smal. sample results suggest that instrumental 
variable estimates may provide little improvement over 
OLS estimates (Nelson and Startz). In any case, si- 
multaneity wculd appear to be less of a problem in 
a short-run mcdel based on weekly observations than 
in a longer-rum model utilizing monthly data. We 
suspect that retail demand schedules for navel or- 
anges did not snift about radically from week to week. 
On the supply side, seasonal supply schedules are 
predetermined for biological reasons, although intra- 
seasonal supply schedules might conceivably shift. 
Regardless, these hypotheses can be checked indi- 
rectly by zomparing the vector of parameter esti- 
mates obtained from OLS and two-stage least squares 
using the Hausman test for errors in variables in sin- 
gle equaticn models (Hausman).* We could think of 
applying an analogous test for the difference between 
the seemingly unrelated regression estimates and three- 
stage least squares estimates, but, for the same rea- 
sons we could mot specify a structural model, we have 
no appropriate set of instruments with weekly obser- 
vations for three-stage estimation. 

Parenthetically, it should be mentioned that con- 
trary to Powers assertion, neither the retail price data 
nor the FOB price data used by PKC were the same 
as the data used in our analysis. We augmented our 
retail price ser.es with independently gathered ad- 
vertised prizes. In addition, we employed a different 
FOB price series than did PKC and Powers. Powers 
and PKC used aa FOB price series reported by NOAC.- 
As noted in our article, we used the FOB prices re- 


3 Powers comments that the OLS and two-stage least squares 
(TSLS) estimates fez his model are negligibly different. This result 
gives circumstantial evidence that the purported impact of simul- 
taneity is itself neg] gible or that the instruments used in the TSLS 
estimation did little to purge the endogeneity. 
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ported in the Western Citrus Report (WCR), which 
publishes weekly sales prices for every size and grade 
of navel orange sold by production district. As men- 
tioned above, these data enabled us to adjust for qual- 
ity differences. Further motivation for the use of the 
WCR data in lieu of the NOAC data is found in an 
ERS study (USDA 1985) which notes that the weekly 
NOAC FOB series represents prices quoted by han- 
dlers rather than actual sales prices. This same study 
states that the NOAC quoted prices are generally 
viewed within the industry as inaccurate reflections 
of actual seiling prices. 

Powers’ final criticism that our “explanation” of 
the influence of prorate suspension on price spreds is 
“vague” appears to be misplaced. We referred to the 
difference in opinions between some producers and 
consumer advocates in the introductory description of 
the CA navel orange industry because this lack of 
consensus provided one justification for studying 
margin behavior under prorate suspension. These 
conflicting views of price spread behavior were never 
offered as an explanation in subsequent sections of 
the article. 

Turning now to the alternative specification pre- 
sented by Powers, the estimation results appear sus- 
pect for a number of reasons. The monthly data em- 
ployed are not only theoretically inconsistent but are, 
by their very nature, inadequate to capture changes 
in FOB-retail price spreads. While weekly FOB prices 
are relatively stable, in-store retail prices fluctuate 
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significantly from week to week. In addition, super- 
markets advertise. sale prices periodically for navel 
oranges as loss leaders. Monthly average retail prices 
from the Bureau of Labor Statistics do not adequately 
reflect important weekly changes in navel orange 
prices. Aggregation across eighty-five cities suggests 
as well that potentially important spatial differences 
cannot be accounted for. Failure to capture the true 
extent of price variability, particularly that variability 
resulting from quality changes, may be one reason 
for the increasing margins at season’s end indicated 
in Powers’ estimation results. 


Reestimation of the Markup Model 


Of Powers’ four criticisms, the “failure” to properly 
identify suspension periods is potentially the most 
damaging. We have already indicated why the 1984/ 
85 suspension was unique. We were curious, none- 
theless, to explore how our estimates might have 
changed had we included all other “suspensions,” as 
Powers exhorts. Accordingly, we reestimated two 
variations on our original markup model. In the first, 


we included a dichotomous variable, DSUSP, set equal 


to one for any week in which prorate was not in ef- 
fect during all three seasons. In the second, we de- 
composed the effects of removing the prorate by in- 
cluding two dummy variables, one for weeks during 
the 1984/85 suspension (D/984/85) and a second 


- Table 1. Maximum Likelihood Estimiates of the Markup Model with Various Dummies 





Independent Variables 


Dependent 
Variable Constant P TR D1984/85 DOTHER* DSUSP DMAY TIME 
Original Markup Model 
MAT —0.03 0.99 =5.52E-5 —0.013 ~0.024 0.0001 
(—1.14)° (11.96) (—1.58) (—2.02) (~4.47) (1.39) 
MDL _ 0.072 0.55 —1.62E-5 0.008 ~-0.002 0.0004 
(1.19) (4.31) (-1.37) (0.81) (2.14) (2.39) 
MSF —0.178 1.05 0.0006 —0.012 ~0.031 0.0003 
(-1.75) (12.94) (1.01) (—1.74) (4.78) (1.96) 
Single Suspension Dummy (DSUSP): 
MAT —0.04 0.91 —0.000047 —0.00002 -—0.028 0.0003 
(-1.48) (11.97) (—1.39) (—0.00) (—4.89) (4.16) 
MDL 0.099 0.59 —2. 1 5E-4 0.005 —0.023 0.0004 
(1.59) (4.45) (—1.74) (0.63) (—2.07) (2.74) 
MSF —0.024 0.91 9.93E-4 0.004 —0.032 0.0005 
(2.15) (JII) (1.45) (0.85) (—4.76) (3.89) 
Multiple Suspension Dummies (D1984/85 and DOTHER): 
MAT —0.05 1.25 —4.00E-5 —0.028 0.01 -0.022 -0.00009 
(—2.29) (14.66) (-1.57) (—5.04) (2.46) (—4.91) (-1.1) 
MDL 0.02 0.64 —5.00E-5 0.00064 0.0013 —0.03 0.0003 
(0.28) (5.31) (—0.48) (0.06) (0.16) (—2.69) (1.86) 
MSF —0.20 1.01 8.00E-4 —0.014 0.0099 —0.03 0.0002 
(—1.65) (11.47 (1.13) (—1.90) (1.78) (—4.01) (0.16) 


* DOTHER equals one when prorate is suspended in the 1985/86 and 1986/87 seasons; otherwise DOTHER equals zero. 


> p-statistics are in parentheses. 
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for non-prorated weeks occurring in the 1985/86 and 
1986/87 seasons (DOTHER). All remaining data and 
variables are identical to those referred to in our ar- 
ticle. 

Had we mistakenly lumped all prorate “suspen- 
sions” into the same dichotomous variable (DSUSP), 
the effects of removing prorate would have appeared 
to be insignificant for all three cities (see table 1). 
The magnitude of the estimates and their large stan- 
dard errors do not provide much basis for inferring 
the validity of Powers’ results or ours. In fact, had 
we initially obtained these results, we would likely 
not have attempted to publish them. Alternatively, 
when two separate dummies for non-prorated periods 
in the 1984/85 (D1984/85) and 1985/86--1986/98 
(DOTHER) seasons are specified, decreases in the 
price spreads for Atlanta and San Francisco in the 
1984/85 season are strikingly similar to those re- 
ported in our article. These results indicate that the 
effect of the 1984/85 prorate suspension was clearly 
different from non-prorated periods in subsequent 
seasons. These empirical results are consistent with 
the fact that the circumstances surrounding the 1984/ 
85 prorate suspension were substantially different from 
other prorate “suspensions.” 

We might speculate that with data from additional 
seasons included in the empirical analysis, the pos- 
itive impact on price spreads of additional “suspen- 
sions” which occur at the end of each season would 
ultimately swamp the negative impact of the 1984/ 
85 suspension if all suspension periods are included 
in single dummy variable. The estimation results of 
Powers’ price spread model tend to substantiate this 
speculation. Yet, in light of the unique nature of the 
1984/85 suspension, we continue to conclude that 
FOB-—retail price spreads in two geographically dis- 
parate cities declined significantly when the prorate 
was suspended in 1985. 
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Finally, we would like to take this opportunity to 
correct a typographical error in the original article. 
In table 2, the first independent variable in the rel- 
ative model should be price. 


[Received August 1990; no revision.] 
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Rice in Asia: Is It Becoming an Inferior Good? 


Comment 


Jikun Huang, Cristina C. David, and Bart Duff 


In a recent article in this Journal, Ito, Peterson, and 
Grant (IPG) investigated the nature of demand for 
rice in fourteen Asian countries using a generalized 
covariance demand model. This model was estimated 
from pooled time-series—cross-section data from 1961 
to 1985 for three groups of countries classified by 
changes in per capita rice consumption levels. Rice 
consumption per capita was specified as a function 
of per capita gross domestic product (GDP) in real 
terms and the ratio of world price of rice to wheat. 
Because income elasticities tend to be lower at higher 
income levels, a log-inverse-log model was adopted 
and ridge regression was employed to minimize mul- 
ticollinearity problems between InY and Y~'. The re- 
sults indicated that income elasticities have signifi- 
cantly declined. Moreover, income elasticities are 
negative in half of the countries studied, leading to 
the conclusion that rice is becoming an inferior good 
in Asia. 

The fact that income elasticities for rice and other 
staple food decline as income increases has long been 
established (Alderman, Bouis 1989). However, for 
comparable years, IPG’s estimates are much lower 
than country-specific estimates of income elasticities 
in Asia based on either cross-section or time-series 
data, which are nearly all positive (table 1). While 
the latter pertain mostly to estimates for the 1970s, 
negative income elasticities for low-income countries 
such as Nepal and Bangladesh seems implausible. 
Even for a rapidly developing country such as Thai- 
land, income elasticities may be expected to become 
negative only sometime in the 1980s. Only for Japan, 
Taiwan, Singapore, and Malaysia, where per capita 
incomes are relatively high, can negative income 
elasticities be expected. This comment demonstrates 
that problems with definition of income and price 
variables as well as application of ridge regression 
have led to underestimation of income elasticities in 
the IPG study. 


Problems of Estimation 


Estimation problems include such specification is- 
sues as those related to income and price and the 
sometimes misleading results of ridge regression. 
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Specification Issues 


Income. IPG defined income as per capita GDP in 
real terms measured in domestic currencies. With 
cross-country pooled data, this means that rice con- 
sumption was regressed on income measured in dif- 
ferent currencies. In a generalized covariance model, 
OLS estimate of the parameters, 8 = [X'X]'X’Y, is 
invariant to differences in measurement units across 
countries. However, in ridge regression, £ is esti- 
mated as [X'X + kI]7'X’Y, where k is defined as the 
ridge factor. Addition of the constant value k to all 
elements in the X’X matrix measured in different cur- 
rencies will result in a different estimate of the pa- 
rameters for the pooled cross-country data from sep- 
arate regressions for each country. Differences in 
estimated income elasticities across countries there- 
fore will reflect not only the effect of preference but 
also differences in the unit of measurement of in- 
come. 

Another problem is use of per capita gross do- 
mestic product (GDP) rather than disposable income 
or private consumption expenditure which better re- 
flect the budget constraint of consumers. GDP in- 
cludes government expenditures which usually in- 
creases faster than other components of domestic 
product. Hence, use of GDP instead of more appro- - 
priate measures of consumers’ income will result in 
underestimation of income elasticity. 


Price. Consumer demand for a commodity de- 
pends on, among others, domestic prices. In most 
Asian countries, the government intervenes exten- 
sively in the rice market and, to a lesser extent, also 
in the wheat market. Thus, domestic prices of these 
commodities will diverge from world market prices 
in varying degrees across countries and over time. 
Indeed, variations in the price ratio of rice to wheat 
across countries as a result of differential rates of 
nominal protection between the two commodities 
ranged from 0.20 in Burma to 3.84 in South Korea 
in 1986. Conversely, the ratio of world prices in- 
creased by 31% from 1961 to 1985, whereas in twelve 
out of the fourteen countries, the ratio of domestic 
prices increased ranging from 3% in Nepal to 178% 
in South Korea in the same year. Only Singapore and 
Burma had declining ratios of domestic prices. IPG’s 
use of world prices instead of domestic prices is in- 
appropriate in such policy environment. 
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Table 1. Income Elasticity Estimates for Rice in Asia 
Expenditure 
Income Survey 

Country Author Elasticity Year IPG? 
Bangladesh Bouis 0.34—0.83° 1973 ~0.04 
Burma FAO 0.10 1971 0.03 
China FAO 0.40 1971 0.25 
India Bouis 0.05—0.85” 1977 0.14 

ADB 0.77 1985 0.13° 
Indonesia FAO 0.70 1971 0.26 

Timmer & Alderman 0.28-1.16° 1976 0.19 

Bouis 0.04-0.40" 1981 0.12 
Japan FAO —0.10 1971 —0.56 
Korea FAO 0.30 1971 0.06 
Malaysia FAO 0.20 1971 —0.09 

ADB —0.10 1974—85 —0.50 
Nepal FAO 0.30 1971 —0.37 
Philipines FAO 0.20 1971 0.15 

Quisumbing 0.55-1.71" 1978 0.11 
Singapore FAO 0.10 1973 -0.33 
Thailaná Trairatvorakul 0.0-0.41° 1975 —0.25 

Bouis —0.14—0.20° 1975 —0.25 
Taiwan FAO 0.30 1971 +0.39 


Sources: Asian Development Bank, IPG (tables 3 and 6); Quisumbing, Bouis (1990, taHes 28 and 75). 
* Refers tc estimates by IPG pertaining to the same expenditure survey year except for the second line for India which refers to income 


elasticity in 1984. 


P The range relates to income level (high to low). Elasticity for the Philippines estimated by Quisumbing is food expenditure elasticity 


of demand for rice. 


Table 2. Selected Estimates and Statistics in Ridge Regression 





Inverse of Income 


Base 
Group I 
Taiwan — 242.6 
(126.97 
Japan 
Malaysia 
Nepal 
Singapore 
Thailand 
k= .002 R = .83 
Group II 
India —38.7 
(31.1) 
Bangladesh 
S. Korea 
k= .01 R-square = .96 
Group UT 
Burma “533 


(86.7) 


Dummies 


F = 179.1 


Log of Income 
Base Dummies 
—0.691 
(115) 
0.031 
.017) 
C.024 
1.014) 
C.002 
1.035) 
C013 
COLL) 
C034 
0012) 
n = 152 D.F. = 128 
0.147 
(.056) 
0 057 
( 006) 
0 032 
( 006) 
n= 84 D.F. = 72 
0.342 
(.184) 


Log of Price 
Base Dummies 
0.019 
(.165) 

0.022 
(.257) 
—0.336 
(.295) 
—0.038 
(.590) 
—0.445 
(.213) 
—0.154 
(.215) 
—0.168 
(.065) 
—0.069 
(.090) 
0.022 
(.065) 
—0.021 
(.030) 
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Table 2. Continued 


Inverse of Income 


Base. Dummies 

China 35.6 
(56.5) 

Indonesia —47.6 
(65.7) 

Philippines —8.9 
(205.5) 
k = .0005 R-square = .91 F = 60.9 


Note: Standard t-test is not relevant in ridge regression. 
* Standard errors appear in parentheses. 


Ridge Regression 


Brown and Beattie have shown that ridge estimation 
of some models can give poor or misleading results. 
Significantly biased coefficients will be estimated when 
the model includes: (a) positively correlated variables 
that have true coefficients with opposite signs and 
highly unequal magnitudes or (b) negatively corre- 
lated variables that have true coefficients with the same 
sign but large unequal magnitudes. 

Although all variables may not be positively or 
negatively correlated in a generalized log-inverse-log 
model with country dummy variables, the bias can 
be very large due to the special nature of the model. 
Besides price and income, four other sets of variables 
are highly intercorrelated, i.e., {y~’, Iny}, {d;y 7}, d}, 
{diny, d}, and {d;y~', diny}, where d; is the dummy 
variable for country i. In addition, the magnitudes of 
the coefficients for these correlated variables are very 
different when income elasticities (e) are assumed to 
change over time.’ Use of ridge regression in the IPG 
study without incorporating a priori information may, 
therefore, have led to biased estimates. 


A Reestimation 


Because IPG’s analysis is subject to a number of 
econometric problems and the extent to which mea- 
surement problems of income and prices affect the 
estimates of income elasticities can only be deter- 
mined empirically, the model was reestimated with 
several changes. First, income is defined as per cap- 
ita private consumption expenditure (PCE) in real 
terms (deflated by consumer price index) and ex- 
pressed in U.S. dollars converted by the purchasing 
power parity (PPP) exchange rate for 1980.” Second, 
the ratio of domestic price of rice to wheat flour has 
been used. Third, Sri Lanka is excluded from the 


! Because e = c — b/Y, where c is the coefficient of In¥ and b 
of Y~', then b is expected to have a much large value than c. Sup- 
POSE Ejo = 3; €3987 = 1, Y 396; = 1000 and Yigg = 2000; then b 
= —400, ¢ = —.1 and b/c = 4000. 

2 In China, national income is used due to lack of reliable data. 
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Log of Income Log of Price 
Base Dummies Base Dummies 
—0.065 0.519 
(.021) (.358) 
~0.029 —0.009 
(.020) (.103) 
—0.081 —0.141 
(.025) (.120) 
n = 107 D.F. = 91 


analysis because of limitation of price data. Data for 
rice consumption, population, and income are from 
the same sources as IPG’s except for the PCE for 
Bangladesh, which is from the Asian Development 
Bank. Domestic prices of rice and wheat are from 
individual country sources. The PPP’s are from Par- 
dey and Roseboom. 

To minimize possible bias tn use of ridge regres- 
sion in the log-inverse-log demand model, the fol- 
lowing additional a priori information were consid- 
ered in choosing the optimal k-value: (a) k should be 
small;? (b) the coefficient of Y~! is expected to be 
negative;* and (c) average level of estimated income 
elasticities (e) obtained from log-inverse-log model 
over the study period should not be very far from the 
constant elasticities (e°) derived from the double-log 
demand model using OLS.’ 

The general procedure for choosing the optimal k- 
value are as follows. Based on k values ranging from 
0 to 1, a set of k’s, say A, which generate relatively 
stable trace is identified. From this, a subset B, is 
selected such that the condition of negative coeffi- 
cient of Y' is generally satisfied. Finally, the “op- 
timal” k is chosen to be the lowest k which provide 
estimates that largely satisfy condition (c). 


Results 


The estimates of coefficients based on the revised 
measures of income and price as well as alternative 
choice of k values are presented in table 2, and the 
estimated income elasticies are reported in table 3. 
The new estimates of income elasticities are, in gen- 
eral, higher than the IPG results. Only Japan, Ma- 
laysia, Singapore, Taiwan, and Thailand have neg- 


3 Because it is undesirable to introduce excessive bias, one should 
be conservative in increasing k, pzrticularly in the case of the log- 
inverse-log dummy demand model as explained above. 

* This is based on the earlier observation that income elasticities 
decline as income increases. 

S While the double-log model does not allow for changing in- 
come elasticities, it provides estimates derived by unbiased OLS 
estimation which can serve as a reference for the average income 
elasticity. 
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Country Variable k=0 k =.00001 k = .002 k= J k= .§ 
Taiwan youl —393 —571 —243 86 58 
Japan dly — 1 — 1999 —1656 SAS 305 151 
Malaysia d2y — 1 — 2631 —820 —299 = 13 
Nepal d3y — 1 -687 —114 —190 —73 —4] 
Singapore d4y — 1 ~5201 —2419 —346 78 —44 
Thailand d5y — 1 343 —171 —209 =21 43 
Taiwan Iny —0.88 —1.05 —0.69 —0.17 -0.09 
Japan diiny =0.27 —Q.04 0.03 —0.00 —9.00 
Malaysia d2\ny —1.75 —0.28 0.02 0.00 0.00 
Nepal d3iny =i] —0.0i 0.00 —0.02 —0.02 
Singapore dAliny 222 —0.79 0.01 0.01 -0.01 
Thailand d5iny —0.12 0.04 0.03 0.02 0.01 
Variable k= k = .00001 k= 0i k= .1 k=.5 
India y~ i 1271 137 =39 —64 —44 
Bangladesh dly — 1 —986 29 75 85 65 
Korea (S) d2y — 1 ~ 1247 —105 49 82 71 
India Iny 3.04 0.39 0.15 0.09 0.06 
Bangladesh dilny —2.11 0.21 0.06 0.04 0.03 
Korea (S) d2\ny —2.80 “013 0.03 0.02 0.01 
Variable k= k = .00001 k = .0005 k= 1 k= .7 
Burma y=] 2987 102 53 ~4] = 20 
China diy — 1 —3010 -113 36 =53 —45 
Indonesia d2y — 1 —3171 —100 —48 —103 —40 
Philippines d3y — 1 ~2903 229 “p —220 —132 
Burma Iny 8.66 0.80 0.34 0.07 0.01 
China dllny —8.40 —0.50 —0.06 —0.03 ~0.02 
Indonesia d2iny —8.51 —0.28 ~0.03 -0.00 —~0.00 
Philippines d3lny —8.26 —0.12 —0.08 —0.03 —0.02 
Table 5. Sensitivity of Income Elasticities in Ridge Regression 
Elasticities 
Country Year Constant k=0 k = .00001 k = k** k= .1 
Taiwan 1961 —0.526 —0.144 0.018 —0.237 =0,332 
1975 —0.526 —0.534 —0.549 —0.478 —0.247 
1988 —0.526 —0.718 —0.816 —0.591 —0.207 
Japan 1961 —0.431 0.207 0.165 ~—0.227 ~0.393 
1975 ~0.431 —0.575 —0.563 ~0.477 —0.265 
- 1988 —0.431 —0.738 —0.715 —0.530 —0.239 
Malaysia 1961 —0.230 0.831 0.264 0.047 —0.266 
1975 —0.230 0.016 —0.111 —0.193 —0.244 
1988 —0.230 —0.860 —0.514 —0.349 —0.220 
Nepal 1975 0.553 0.399 0.455 0.268 ~Q.224 
1980 0.553 0.577 0.569 0.340 —0.226 
1987 0.553 0.814 0.719 0.435 —0.228 
Singapore 1961 —0.412 —6.841 0.162 —0.284 ~0.295 
1975 -0.412 5.351 —0.635 —0.441 —0.251 
1987 —0.412 —4.585 — 1.044 —0.522 ~0.229 
Thailand 1961 —0.096 —2.380 0.386 0.191 “0,275 
1975 ~0.096 —1.798 —0.202 —0.166 —0.224 
1988 —0.096 =1.535 —0.467 —0.328 —0.201 
India 1961 0.071 —0.482 0.007 0.254 0.270 
1975 0.071 —0.556 —0.001 0.256 0.274 
1988 —0.071 0.090 0.069 0.237 0.241 
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Elastrities 
Country Year Constant k=0 k = 30001 k = K k=.l 
Bangladesh 1961 0.137 0.338 0252 0.129 0.090 
1975 0.137 0.322 0.243 0.126 0.089 
1988 0.137 0.307 0.234 0.125 0.088 
Korea 1961 0.218 0.283 0.173 0.150 0.065 
1975 0.218 0.327 0.231 0.170 0.097 
1988 0.218 0.336 0.245 0.174 0.105 
Burma 1961 0.554 0.116 0.307 0.495 0.184 
1975 0.554 0.324 0.514 0.491 0.181 
1988 0.554 —1.512 0.152 0.524 0.206 
China 1961 0.321 0.382 0.354 0.370 0.530 
1975 0.321 0.324 0.324 0.325 0.291 
1988 0.321 0.291 0.208 0.299 0.156 
Indonesia 1966 0.517 0.781 0.216 0.663 0.562 
1977 0.517 0.534 0.418 0.527 0.369 
1988 0.517 0.387 0.£19 0.446 0.253 
Philippines 1961 6.302 0.285 0.236 0.344 0.379 
1975 0.302 0.304 0.712 0.330 0.319 
1988 0.302 0.313 0.244 0.324 0.293 





"k* = 002, .01, and .0005 for group 1, group 2, and group 3, respectively. 


ative income elasticities among the thirteen countries 
analyzed.° Income elasticities for Bangladesh and 
Nepal are now positive. For Nepal, elasticities have 
increased over time because per capita consumption 
expenditure in real terms apparently declined. Korea 
shows a slightly rising income elasticity which may 
be explained by the significant substitution of rice for 
barley in the diet during the study period which has 
not been taken into account in this simple model.’ 
Finally, among countries with positive income elas- 
ticities, these have declined more gradually than the 
IPG estimates. 


Sensitivity Analysis 


The estimated coefficients of income variables and 
thus, the derived income elasticities are sensitive to 
the choice of k-value (tables 4 and 5). Based on the 
ridge trace rule, optimal k-value might be 0.1 for all 
three country groups. However, at k = 0.1, some 
prior information is violated in many countries. The 
coefficients of ¥~' for all countries in group I are 
positive implying that income elasticities increase as 
incomes rise. Furthermore, average estimated in- 
come elasticities over the study period for Nepal and 
Thailand are far from those derived using double-log 
model. In group II and group II, most countries’ e 
are far from e°. By incorporating three prior infor- 


é The negative income elasticities for Thailand in the 1960s and 
[970s remain implausible. The underreporting of rice exports due 
o high export taxes during that time may have understated per cap- 
ta rice consumption in the early period. 

? This substitution has run its course, and thus rice consumption 
yer capita may be expected to decline in Korea in the future. 


mation sets and following the estimation procedures 
outlined earlier. we chose k = .002 as optimal for 
group I. In zrovp II, since only positive coefficients 
of Y~' can be obtained for Bangladesh and Korea 
over any k ranging from zero to one, k = .01 which 
provides the relztive small positive value coefficients 
and meet all other criteria is chosen. At k = .0005, 
all criteria are satisfied for group MI countries. 


Concluding Remarks 


Our analysis inGicates the IPG estimates of income 
elasticity are significantly understated.* While in- 
come elasticities will undoubtedly decline as income 
increases, only Japan, Taiwan, Singapore, Malaysia, 
and Thailand have income levels that support nega- 
tive estimates of income elasticities for rice. How- 
ever, the populacion and rice consumption of these 
five countries account for less than 10% of the totals 
for Asia. In mos: Asian countries, therefore, rice is 
not an infericr gcod; and income elasticities for rice, 
given the relatively stable elasticity trend in table 3, 
will likely remaim positive throughout the 1990s. 
The implication drawn by IPG that “there is a po- 
tential for excess supplies of rice to develop in Asia, 
putting downward pressure on rice price” is not only 


$ Bouis (1990). in another comment on the IPG’s study, argued 
that growing urbenization and increasing commercialization of rice 
production, not simpl” increasing income per se can explain de- 
creasing national per sapita rice consumption. If these factors are 
properly taken into account, revised estimates of income elasticities 
are expected to be even higher. This is confirmed by our prelim- 
inary estimates of an Asian cereal grains demand model that in- 
cludes urbanization efrect. 


Huang, David, cnd Duff 


based on faulty estimation but a very simplistic view 
of the rice situation. Future rice supply prospects are 
not expected te be strong (Levine et al., David). The 
land frontier in most Asian countries is essentially 
closed. Crop area planted to rice has not grown 
throughout the 1980s. The easy gains from the green 
revolution technology have been reaped and the pos- 
sibility of further raising yield frontiers is uncertain. 
Low current world rice prices reduced incentives for 
public investments in irrigation and technological re- 
search throughout the 1980s. Yet, population growth 
rates in Asia are projected to increase at near 1.8% 
(United Nations). Even if the income elasticities for 
rice were low, it is not clear that the supply-demand 
outlook warrants the implications drawn by the au- 
thors. 


[Received March 1990; final revision received July 
1990.] 
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Rice in Asia: Is It Becoming a Commercial Good? 


Comment 


Howarth E. Bouis 


Ito, Peterson, and Grant (IPG) have recently shown 
that rice income elasticities are highly negative in many 
Asian countries and only slightly positive and de- 
clining over time in other Asian countries. Their re- 
sults, if accurate, have obvious and important impli- 
cations for how Asian governments, international 
lending agencies, and the CGIAR system should al- 
locate resources in anticipation of weak demand and 
continued low international prices for rice. 

This comment argues that IPG fail to consider the 
effect on demand for rice of decisions by semisub- 
sistence farmers to produce rice, which leads to 
downwardly biased time-series estimates of aggre- 
gate national income elasticities. That is, demand ef- 
fects that IPG attribute to trend increases in aggregate 
per capita income may largely reflect instead (a) a 
concurrent rural to urban migration pattern, (b) the 
decreasing importance over time of aggregate rice 
production within some Asian countries, and (c) a 
declining share of semisubsistence production within 
the rice sectors themselves. 


Income Elasticities Derived from Expenditure 
Surveys 


A useful starting point for arguing that production 
and consumption decisions for staple foods cannot be 
analyzed separately for Asian countries is to note that 
rice income elasticities derived from expenditure sur- 
veys are nearly always positive and in some instances 
considerably above zero. For example, Timmer and 
Alderman estimate an aggregate national income 
elasticity for rice for Indonesia of about 0.4 from 
household expenditure survey data collected in 1976. 
Pitt derives an estimate for Bangladesh of about 1.0 
for 1973—74, and Trairatvorakul derives an estimate 
for Thailand of 0.13 for 1975—76 (see Alderman, ta- 
ble 12, for estimates for other countries).' The cor- 
responding IPG estimates are 0.19, —0.04, and —0.25 
for Indonesia, Bangladesh, and Thailand, respec- 
tively, for the survey years cited above. 

The same comparison shows a similar result for a 
developed economy. IPG derive an estimate of —0.71 
for the income elasticity of demand for rice in Japan 
for 1984, where household income averaged about 


Howarth E. Bouis is a research fellow at the International Food 
Policy Research Institute, Washington, D. C. 
! The estimate cited for Pitt is for rural households only. 


$40,000 per year for a family of four.” Intuitively, 
such a high negative elasticity implies that budgets 
are so constrained that Japanese households consume 
rice in large amounts out of rather dire necessity. If 
incomes double and households reduced rice con- 
sumption by 70%,” what (calorie dense) foods would 
these households eat instead which they could not al- 
ready afford? In table 1 rice expenditure data pre- 
sented by expenditure group for Japan suggest that 
higher income groups do not drastically reduce rice 
consumption as incomes increase. 

How does one reconcile declining per capita rice 
consumption over time with such food expenditure 
information? Table 2 summarizes rice consumption 
data, disaggregated by expenditure quartile from food 
expenditure surveys in six less developed Asian 
countries. Controlling for urban and rural popula- 
tions, per capita consumption of rice increases mono- 
tonically with income, except for Thailand where the 
arc income elasticity is close to zero. Comparing rice 
consumption levels within the same expenditure 
quartile, rural consumers consume more rice than ur- 
ban consumers. The most pronounced and consistent 
ditference between urban and rural consumption across 
income groups occurs for Thailand. IPG estimate that 
the aggregate income elasticity for rice for Thailand 
had fallen to —0.44 by 1985. 


Explanations for Rural-Urban Demand Patterns 


Lower rice consumption in urban versus rural areas 
has several possible explanations. First is the expla- 
nation put forth by IPG (although not in this partic- 
ular context) that urban incomes are higher and that 
higher income consumers prefer to substitute more 
preferred foods for rice. However, this explanation 
does not go very far in explaining the large differ- 
ences across urban and rural populations within the 
same expenditure quartiles indicated in table 2, nor 
is it supported by the trend in rice consumption across 
income quartiles, controlling for urban/rural. 
Second, assume that two persons with the same set 
of demand preferences and levels of income and fac- 


? GNP per capita in 1984 was US $10,580 at current prices (World 
Banx, p. 340-41). 

3 IPG cannot appeal to lower income elasticities closer to zero 
at, say, a household income of $80,000 because their estimates 
appear always to become increasingly negative at higher income 
levels. 
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Table 1. Per Capita Rice Expenditures, by Expenditure Group for Japan, 1983 


Nationwide Worker’s Households 

Expenditure _ Rice Percent of Rice. Percent of 
Group" Expenditure’ Sample Expenditure” Sample 
Up to 999 2,032 0.01 1,912 0.00 
1,000-1,499 1,764 0.02 1,630 0.01 
1,500-1,999 1,772 0.04 1,524 0.02 
2,000-2,499 1,647 0.07 1,471 0.05 
2,500-2,999 1,593 0.08 1,456 0.07 
3,000-3,499 1,482 0.10 1,393 0.10 
3,500-3,999 1,532 0.10 1,409 0.11 
4,000-4,499 1,522 0.10 1,467 0.11 
4,500-4,999 1,587 0.09 1,480 0.10 
5,000-5,499 1,578 0.07 1,498 0.08 
5,500-5,999 1,660 0.06 1,678 0.07 
6,000-6,499 1,786 0.05 1,732 0.06 
6,500-6,999 1,747 0.04 1,716 0.05 
7,000-7,499 1,598 0.03 1,597 0.05 
7,500-7,999 1,643 0.02 1,649 0.03 
8,000-8,999 1,692 0.04 1,663 0.04 
9,000-9,999 1,688 0.03 1,645 0.03 


10,000 and over 1,736 0.05 1,762 0.04 


Source: Statistics Bureau, Prime Minister’s Office, annual report on the family income and expenditure survey, as reported in Food and 
Agriculture Organization, review of food consumption surveys, 1985. 

* Thousand yen per household per year. 

® Yen per capita per month. 


Table 2. Weekly Per Capita Consumption of Milled Rice, By Country, By Expenditure 
Quartile, By Urban and Rural Populations 





Urban Expenditure Quartile* 
or 
Country Rural 1 2 3 4 
(kilograms) 
Bangladesh 
Urban i 1.60 1.90 2.15 2.41 
Rural 1.45 1.98 2.51 3.13 
India 
Urban 1.08 1.34 1.36 1.36 
Rural 1.13 1.67 1.91 1.97 
Indonesia 
Urban 1.82 2.10 2.23 
Rural 1.77 2.56 2.97 
Pakistan 
Urban 0.15 0.20 0.24 0.29 
Rural 0.22 0.33 0.30 0.37 
Sri Lanka 
Urban 1.30 1.64 1.91 1.96 
Rural 1.63 2.09 2.52 2.88 
Thailand 
Urban 2.17 2.16 2.16 2.22 
Rural 2.92 3.13 3.00 2.89 


Data sources (see also Bouis 1989b for other details): Bangladesh: Household Expenditure Survey of Bangladesh 1973-74, Bangladesh 
Bureau of Statistics; data are disaggregated by household expenditure quartile instead of per capita expenditure quartile. India: Second 
Quinguennial Survey on Consumer Expenditure, undertaken by the Department of Statistics from July 1977 to June 1978. Indonesia: 
Data are taken from SUSENAS 1981 expenditure surveys, as reported in Rosegrant et al. (1987). Pakistan: Household Income and 
Expenditure Survey 1984-85, conducted by the Federal Bureau of Statistics. Sri Lanka: Data are taken from the 1980/8] Labour Force 
and Socio-Economic Survey conducted by the Bureau of Census and Statistics, as cited in Sahn (1984). Thailand: Data taken from the 
1975 {76 Socioeconomic Survey conducted by the National Statistics Office, as cited in Trairatvorakul (1984); only calorie intake infor- 
mation is provided for various food groups; a calorie conversion rate of 3,500 calories per kilogram was used to compute rice consumption 
per kilogram. 

* Tercile in the case of Indonesia. 
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ing the same set of prices differ only in the activity 
levels necessary for earning that income. Energy re- 
quirements will be greater for the person engaged in 
the more active occupation. Under a reasonable set 
of assumptions (Bouis 1989a, 1990), the more active 
person will spend more for food than the less active 
person; more important, his/her diet will be more 
staple based because staples are relatively inexpen- 
sive sources of calories. If rural occupations require 
a greater energy expenditure than urban occupations, 
one would expect a priori to observe more staple con- 
sumption by rural populations. 

Third, rice is cheaper to purchase in rural areas, in 
particular by rice producers themselves. Farmers who 
grow rice and consume out of own production avoid 
retailing and other marketing costs in staple pur- 
chases. Apart from greater risks associated with 
growing nonfood crops, such a cost saving may be 
an important additional incentive for semisubsistence 
farmers to grow staples. (See Bouis and Haddad 
1990a, chaps. 4 and 7, for an analysis of this phe- 
nomenon for a specific group of farm households in 
the Philippines.) 

In order to understand structural changes in de- 
mand behavior for rice over time in countries where 
a significant proportion of rice consumption comes 
from own production (all of the countries studied by 
IPG would qualify under these criteria at the start of 
the time-series data used, with the possible exception 
of Singapore), it is important to study three groups 
of consumers: (a) urban, (b) rural rice producers, and 
(c) rural nonrice producers. Thus, it is useful to write: 


(1) Dy = 8y Dy $ Orr Dry T Gro Dros 


where D is per capita consumption, @ is proportion 
of population, N is national total population, U is ur- 
ban population, R is rural population, r is semisub- 
sistence and commercial rice producers (these house- 
holds may grow crops in addition to rice), o is 
producers of crops other than rice (these households 
grow no rice at all), and 


(2) Ba + Op, + Ono = 1. 


Approaching analysis of national aggregate con- 
sumption in this way, it is conceivable that signifi- 
cant decreases in aggregate consumption could occur 
over time if consumption levels differed significantly 
such that, controlling for income, 


(3) Dy < Dro < Dr 


and if there was significant rural to urban migration 
and/or ric2 production declined in importance in the 
rural sector. While increasing per capita Incomes are 
usually associated with structural change in devel- 
oping economies (i.e., rural to urban migration and 
a switch from subsistence to commercial agriculture), 
at some pcint these processes run their course (e.g., 
Japan and Taiwan). It then would be misleading to 
associate further increases in income with the same 
reduction in consumption of rice. 
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Correlations >etween Changes in Per Capita 
Rice Consum tion and Structural Changes 


Table 3 ranks the countries cited by IPG by per- 
centage change in per capita rice consumption from 
1961—65 to 1981—85.* Also given in the table are 
percentage chenges in rice production, agricultural 
gross domestic product, and total agricultural popu- 
lation, and change in percentage of the population 
which is urban. 

The first relationship to note from table 3 is that 
rice production growth rates in Malaysia, Nepal, and 
Thailand (whica IPG designate as Group I countries, 
experiencing substantial declines in per capita con- 
sumption of ric2) were much lower than growth rates 
in agricultural sross domestic product in these coun- 
tries. Rice production growth rates in these three 
countries were at or below the median as compared 
with rice production growth rates in other countries 
in South and Southeast Asia. Countries with the highest 
percentage incr2ases in per capita rice consumption 
had the highest rice production growth rates, which 
tended to exceed growth rates for agricultural gross 
domestic product. Rice production became relatively 
more important. within China and Indonesia, where 
the increases in per capita consumption of rice were 
highest. 

Table 3 also irdicates increased urbanization all over 
Asia. However, the trend in population densities in 
rural areas exhibited two distinct patterns as this ur- 
banization occured. Population densities in rural areas 
declined in Japzn, South Korea, and Taiwan. Pre- 
sumably as this occurred, rice farms increased in size, 
semisubsistence production gave way to commercial 
production, and marketed surplus as a percentage of 
total rice production greatly increased. These changes 
contrast with increased land pressures and production 
of rice on smaller operational units in several coun- 
tries whose agriciltural populations increased by 45% 
or more from the early 1960s to the mid-1980s. If 
yields had not itcreased so substantially in most of 
these countries, marketed surplus (as a percent of to- 
tal production) likely would have fallen. 

With the information in table 3 as background, 
consider the follewing implicit equation: 


(4) %ADy = fC%ARCPRD 
~ %AAGGDP, %AAGPOP, APCURB), 


where A is change, %A is percentage change, Dy is 
aggregate national per capita consumption of rice, 
RCPRD is rice production, AGGDP is agricultural 
gross domestic product, AGPOP is agricultural pop- 
ulation, and PCURB is percent of total population 
which is urban. W Dre, < Dg, then as rice becomes 
less important in sotal agricultural production, ceteris 
paribus, national aggregate consumption declines. 
Because data for Dros Dr Bro, and Og, are lacking, 
%ARCPRD — %AAGGDP is a rough proxy (in con- 


4 Singapore and Burna are excluded because of lack of data. 
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Table 3. Percentage Change in Rice Consumption, Rice Production, Agricultural Gross 
Domestic Product, Agricultural Population, and Change in Percent Urban, by Country, 1961 





to 1985 
Percent Change in Percent Change in Percent Change in Percent Change in 
Per Capita Rice Total Rice Agricultural Gross Agricultural Change in 

Consumption Production Domestic Product Population Percent 
Country 1961—65 to 1981-85" 1961 to 1985° 1967 to 1986° 1961 to 1985° Urban*® 
Taiwan —39 6 45 —24 29 
Japan —29 —8 = . —66 22 
Malaysia =17 63 127 6 26 
Nepal aiy 27 49 69 2 
Thailand —14 77 143 47 17 
India =3 63 54 53 6 
Bangladesh | 46 55 61 14 
Sri Lanka 4 142 88 49 4 
South Korea 5 54 85 gant 29 
Philippines 12 102 116 54 11 
China 33 160 130 35 12 
Indonesia 4] 166 133 17 22 


* Ito, Peterson, and Grant, table }. . 
» IRRI, table 1; adjusted to reflect 20-year growth period. 


€ World Bank, 1988 world tables; adjusted to reflect 20-year growth period. 


4 IRRI, table 80. 
e IRRI, table 80. 


junction with %AAGPOP discussed below) for the 
percentage change in the contribution of semisubsis- 
tence production of rice to total agricultural produc- 
tion. In the regression results presented in table 4, 
this variable is multiplied by the percent of the pop- 
ulation which is rural at the beginning of the period, 
since the effect of ZARCPRD — %AAGGDP on 
A %Dy will be greater the larger is the rural sector. 
%AAGPOP is included as a control for farm size. 
Ceteris paribus, as farm size declines (as ZAAGPOP 
increases), there is a greater prevalency of low-in- 
come rural households producing rice for their sub- 
sistence needs, both to increase food security and to 
avoid paying marketing margins for their rice con- 
sumption. Finally, APCURB controls for differences 
between urban and rural consumption of rice. If D, 


Table 4. Results of Estimating Equation (4) 


Sample / Variable 


Full sample (12 countries) 
(%ARCPRD~FAAGGDP) WRURAL6I 
%AAGPOP 
APCURB 
R? = 0.71 

Full sample, excluding Taiwan (11 countries) 
*(%ARCPRD~%AAGGDP) PRURALGI* 
YAAGPOP 
APCURB 
R? = 0.84 


< Dro, then the expected sign of the coefficient for 
APCURB is negative. However, in most countries 
average urban incomes are higher than average rural 
incomes; if rice is not an inferior good, then con- 
trolling for production effects on consumption, the 
expected sign is positive. 

The results of estimating (4) are shown in table 4. 
The rough-and-ready nature of the proxy variables 
used in the regression estimations, the small sample 
size, and the lack of variables which account for 
changes in prices, all provide admittedly compelling 
reasons for caution in interpreting the correlations 
shown in table 4. Stull, the correlations are strong, 
have the expected signs, and explain much of the 
variance across countries. The positive coefficient on 
APCURB suggests that higher income urban house- 


*Coefficient t-*statistic 
0.84 4.0 
0.60 3.0 
2.37 2.6 
0.83 5.7 
0.57 4,2 
2.76 4.3 


Note: Dependent variable is percentage change in per capita consumption of rice, 1961--65 to 1981-85, as cited in table 3; data for all 
explanatory variables are cited in table 3 also, except for MRURALGI. 
* %MRURALG! is percent of total population which is rural in 196] (IRRI, table 80). 
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holds do consume more rice than rural households, 
once production effects on consumption are con- 
trolled. 


Conclusions 


It is beyond the scope of this comment to provide 
conclusive evidence that the decline in rice con- 
sumption in some Asian countries (and increases in 
others) is largely the result of structural changes in 
income generation and not to the amount of income 
that is earned, although the two can be correlated over 
time. The main benefit from estimating (4) is to show 
that the aggregate country data at least do not con- 
tradict, indeed are very consistent with, two propo- 
sitions that merit further research——first, rice con- 
sumption in Asia does not decline rapidly with income 
per se, and second, national per capita rice con- 
sumption levels have been and in many countries still 
are closely related to rice production relationships that 
determine marketed surplus (farm size, irrigation, and 
road infrastructure, adoption of modern technolo- 
gies). 

In countries where semisubsistence rice production 
is still important, aggregate national rice consump- 
tion may continue to decline as agriculture becomes 
more commercial and especially as rural population 
densities decline. However, predicting the existence 
and rate of such a decline will depend on a much 
better understanding of the éffects of the commer- 
cialization process and of reduced work activity lev- 
els (which presumably accompany economic devel- 
opment) on demand for specific foods, and for staples 
in particular. 

More specifically, after controlling for income, how 
much of the difference between urban and rural con- 
sumption (shown in table 2) can be explained by (a) 
generally lower food prices in rural areas, (b) lower 
implicit rice prices which rice producers pay for con- 
sumption of own-production, and (c) by higher work 
activity levels in rural areas? Are there factors related 
to expenditure survey techniques that lead to gross 
overestimates of rice consumption for rural con- 
sumers, as compared with urban consumers (Bouis 
and Haddad 1990b)? 

Can supporting evidence be found that the sub- 
stantial declines in per capita consumption of rice over 
time in Japan and Taiwan resulted from a decline in 
semisubsistence rice production? Why has rice con- 
sumption not fallen in South Korea, as apparently 
happened in Japan, Singapore, and Taiwan? Did these 
substantial declines in consumption in fact not occur 
in some instances? Are some of the time-series data 
used by IPG derived from unreliable production and 
stock information?” 


` The validity of the 222 kilograms per capita consumption of 
milled rice cited for Burma for 1981-85 can be questioned on a 
priori grounds. Such a level of consumption corresponds to a cal- 
orie availability of about 2,800 calories per adult equivalent per 
day, which is about 10% above the recommended intake for the 
Philippines from all foods. Similarly, the figure of 191 kilograms 
per capita for Thailand for 1961-65 is quite high. 
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Answers tc these questions are crucial for planning 
investments tor agricultural research and irrigation. 
Because of tie substantial time lags in realizing in- 
vestment benefits, if these investments are reduced 
or delayed bezause of overly pessimistic demand pro- 
jections, rice prices may rise unnecessarily with ad- 
verse consequences for the poor in Asia, urban and 
rural, who arz net consumers of rice. 


[Received. June 1990; final revision received 
August 1990.] 
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Rice in Asia: Is It Becoming an Inferior Good? 


Reply 


Shoichi Ito, E. Wesley F. Peterson, and Warren R. Grant 


Given the prominence of rice in Asian economies as 
well as the importance of Asia for world rice mar- 
Kets, it is not surprising that the results we reported 
in our article (Ito, Peterson, and Grant) were some- 
what controversial. We concluded that declining in- 
come elasticities of demand for rice in Asia mean that 
predictions based on conventional elasticity estimates 
are likely to overestimate total demand, Although the 
authors of the two comments reach their conclusions 
using very different approaches, they appear to agree 
that our predictions underestimate future rice demand 
in Asia. This debate is important because certain pol- 
icy decisions in Asia, as well as in other nations ex- 
porting or importing rice, may depend on how actual 
Asian rice demand evolves. In our reply, we respond 
to each of the comments in turn. 


Reply to Huang, David, and Duff 


Huang, David, and Duff raise a number of issues 
concerning data and method. In particular, they ar- 
gue for the following procedures: (a) use of private 
consumption expenditures expressed in a common 
currency rather than per capita gross domestic prod- 
uct (GDP) expressed in national currencies, (b) use 
of domestic price data instead of world price data, 
and (c) the use of prior information in specifying the 
ridge regression. Using these procedures, they rees- 
timate our model and obtain results that differ from 
the results we reported. However, their results do not 
differ greatly from those we reported. While the in- 
come elasticities estimated by Huang, David, and Duff 
decline more slowly than those we estimated and re- 
main positive in two countries where our estimates 
indicate that rice has become an inferior good, the 
general tendencies predicted in our study are repli- 
cated in theirs. 

There will always be differences in elasticity es- 
timates derived from different research approaches 
and data sets (Gardiner and Dixit). Choosing be- 
tween two sets of estimates is complicated in this case 
because, due to the use of ridge regression, the di- 
agnostic statistics associated with each model are not 
reliable. Although the estimated standard errors in our 


Shoichi Ito is an assistant professor, Department of Information 
Science, Tottori University, Japan; Wes Peterson is an associate 
professor, Department of Agricultural Economics, University of 
Nebraska; and Warren Grant is an adjunct professor, Department 
of Agricultural Economics, Texas A&M University. 


model are substantially smaller relative to their cor- 
responding coefficients than is the case for the model 
reported by Huang, David, and Duff, this cannot be 
taken as an indicator of statistical superiority because 
of the bizses introduced by using ridge regression. 
Price has developed a formal procedure for compar- 
ing two models of this nature, but such a test requires 
more data, space, and time than we have available. 
However, the challenge to our results presented by 
Huang, David, and Duff is based critically on the 
procedural points they raise. In the absence of sta- 
tistical indicators, an examination of the validity of 
these points is a reasonable way to approach the eval- 
uation of their criticisms. 

The first procedural point raised by Huang, David 
and Duff concerns the data series used to represent 
income. Huang, David, and Duff argue that per cap- 
ita private consumption expenditure (PCE) is a better 
measure of income than gross domestic product (GDP) 
because it does not include government expenditure 
which, they suggest, is likely to grow more rapidly 
than the private consumption components of GDP. 
Although it may indeed be the case that, over time, 
a greater proportion of GDP is accounted for by the 
governments of these countries, this part of the ar- 
gument is an empirical question for which the authors 
provide no support. If the change in composition of 
GDP is not great, it is likely that the two series will — 
be highly correlated, so it makes little difference which 
is used. Correlation coefficients between PCE and 
GDP were computed for all the countries except 
Bangladesh, Nepal, the PRC, and Taiwan for which 
data were not available from the International Mon- 
etary Fund (IMF). These coefficients as well as the 
results of regressing PCE on GDP are shown in table 
1. The results indicate that the two series are very 
highly correlated (most of the correlation coefficients 
are either 0.999 or 0.998), and we conclude that it 
probably makes little difference which series is cho- 
sen. 

In addition to criticizing the data series chosen to 
represent the income variable, Huang, David, and Duff 
suggest that income should be expressed in a com- 
mon currency rather than in individual national cur- 
rencies. According to the authors, their income vari- 
able, PCE, is expressed “in real terms (deflated by 
consumer price index) . . . in US dollars converted 
by the purchasing power parity (PPP) exchange rate 
for 1980.” The PPP exchange rate should account for 
relative inflation rates between the individual coun- 
tries and the xuméraire country, presumably the United 
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Table 1. Statistical Relationship between 
Gross Domestic Product (GDP) and Private 
Consumption Expenditure (PCE) in Asian 
Countries, 1961-85 





Regression Correlation 

Country Coefficients* R? Coefficient” 

Japan 0.592 0.998 0.999 
(0.005) 

Malaysia 0.493 0.997 0.999 
(0.005) 

Singapore 0.425 0.987 0.994 
(0.010) 

Thailand 0.652 0.999 0.999 
(0.003) 

India 0.671 0.999 0.999 
(0.004) 

South Korea 0.603 0.997 0.999 
(0.007) 

Sri Lanka 0.769 0.997 0.999 
(0.008) 

Burma 0.860 0.996 0.998 
(0.010) 

Indonesia 0.573 0.998 0.999 
(0.006) 

Philippines 0.736 0.995 0.998 
(0.011) 


Data Source: International Monetary Fund. 

* The regression coefficients are the slopes from equations with PCE 
as the dependent variable. The figures in parentheses are standard 
errors. 

> Correlation coefficient between PCE and GDP in each country. 


States, so it is difficult to see why the income series 
should also be deflated by some unidentified con- 
sumer price index. In addition, the use of the PPP 
exchange rates introduces variables (e.g., the U.S. 
inflation rate) that may have little to do with domestic 
demand in these countries. The income variables used 
by Huang, David, and Duff may be appropriate for 
countries such as Singapore, where all of the rice 
consumed is imported. For the other countries where 
imports generally make up less than 10% of domestic 
consumption (except in Malaysia where they account 
for 20%). the distortions introduced by this conver- 
sion may be worse than the statistical problem sig- 
nalled in their comment. 

The second procedural point raised by Huang, 
David, and Duff concerns the price data. It is, of 
course, preferable to use domestic price data. rather 
than world prices if domestic prices are accurately 
reported. The reason we chose to use world prices is 
that we were unable to locate reliable national price 
series for rice and wheat. Huang, David, and Duff 
apparently have access to such series, although they 
do not document their sources. The authors indicate 
that their domestic price series and the ratios they 
discuss in the text of their comment are taken from 
“individual country sources” (p. 4), none of which 
is cited in the references. Although government pol- 
icies can drive a wedge between domestic and inter- 
national prices, it is difficult to isolate the domestic 
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market completely from world market conditions. Even 
in Japan, with its highly protectionist rice policies, 
internal rice prices are not completely insulated from 
changes in world prices. The correlation coefficient 
between the Japanese government procurement price 
(deflated by the Japanese consumer price index) and 
the Thai rice export price converted to yen (also de- 
flated by the Japanese consumer price index) and 
lagged one year is 0.76 over the period 1961—89 (based 
on data from Food Agency and IMF). This suggests 
that the use of world prices may not seriously un- 
dermine our results. Further, if the domestic prices 
obtained from individual country sources are not ac- 
curately reported, the statistical results could be worse 
than those based on the more reliable world price se- 
ries taken as proxies for domestic prices. 

The third procedural point raised by Huang, David, 
and Duff concerns the use of prior information in ridge 
regression. They suggest that the following criteria 
should be used in choosing the k-values for the ridge 
regression: (a) the &-values should be small; (6) they 
are expected to give rise to a negative coefficient for 
the inverse of the income variable; (c) the coeffi- 
cients from the model should lead to elasticities that 
are close to the constant elasticities obtained from a 
double-log specification. The first criterion is not 
controversial. In specifying our model, we specified 
small k-values (0.00002, 0.05, and 0.1 compared with 
0.002, 0.01, and 0.0005 in Huang, David, and Duff). 
With respect to the second criterion, we also ex- 
pected the coefficients for the inverse-income vari- 
ables to be negative in line with our expectation that 
income elasticities in Asia are declining as incomes 
increase, aS we Stated in the text. We did not con- 
strain the coefficient estimates to be negative and, 
apparently, Huang, David, and Duff did not do so 
either because they report positive coefficients for the 
inverse-iIncome variable in two countries, Bangla- 
desh and South Korea. In terms of including the “prior 
information” embodied in the first two criteria sug- 
gested by Huang, David, and Duff, there does not 
appear to be much difference between the two models. 

The third criterion really is not very useful. It does 
not provide a guide for determining what constitutes 
an estimate that is “not very far from the constant 
elasticities. . .” (p. 4). The justification for attach- 
ing particular weight to constant elasticity estimates 
appears to be statistical (see their footnote 5). There 
is no theoretical reason for taking elasticity estimates 
from a double-log specification as benchmarks for the 
empirical analysis. The double-log specification does 
not satisfy the adding-up condition of theoretical de- 
mand analysis and, thus, makes no more sense than 
some other specification as a reliable indicator of the 
order of magnitude of the elasticities (Phlips). The 
justification in footnote five would apply equally well 
to an ordinary linear model. 

In addition, applying this criterion to the results 
presented in the authors’ table 5 does not unambig- 
uously favor the k-values they selected. For example, 
consider the estimates for 1975. Only four of the es- 
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timated elasticities in the column under k* are closer 
to the constant elasticity estimates than estimates re- 
corded in other columns. Seven of the estimates based 
on a k-value of 0.00001 are closest to the constant 
elasticities, with one each in the other columns. In 
fact, out of thirty-nine possibilities in table 5, only 
twelve of the estimates in the k* column are “better” 
in the sense of being closer to the constant elastici- 
ties. One wonders exactly how the “prior informa- 
tion” contained in the constant elasticities was used 
to select the preferred k-values. 

The comment by Huang, David, and Duff is based 
primarily on these procedural points and a few un- 
supported assertions. We have responded to the pro- 
cedural points and leave it to the reader to decide 
whether the criticisms of Huang, David, and Duff are 
telling. On the whole, their analysis appears to be a 
somewhat “ad hoc” attempt to generate outcomes 
consistent with certain preconceptions. For example, 
the authors argue that negative income elasticities are 
implausible in low income countries. This is an em- 
pirical issue, and it is misleading to assume at the 
outset that a commodity can never be an inferior good 
in low-income countries. Daly et al. reported a neg- 
ative income elasticity for rice in rural Vietnam in 
1973, a time when that region would certainly have 
qualified as “low income.” Another example of an 
unsupported assertion is the suggestion by Huang, 
David, and Duff that income elasticities in Thailand 
can be “expected to become negative only sometime 
in the 1980s.” According to their own estimates pre- 
sented in their table 3, the Thai income elasticity be- 
came negative in 1967. 

Finally, Huang, David, and Duff argue that, based 
on their results, the countries with negative income 
elasticities account for only 10% of Asian rice con- 
sumption. They speculate that income elasticities for 
rice in most Asian countries will remain positive 
throughout the 1990s and that rice demand in the re- 
gion will remain strong. In another study (Peterson, 
Lan, and Ito), we obtained estimates indicating that 
the income elasticity of demand for rice in the Peo- 
ple’s Republic of China became negative in the early 
1980s. The income and price data used in this study 
were from Chinese sources, and the analysis was based 
on time-series estimates of the log-inverse-log model. 
These results are not subject to any of the criticisms 
Huang, David, and Duff raise because the data meet 
all of their recommendations, ridge regression was 
not used, and the Chinese account for more than one- 
third of total world rice consumption. 


Reply to Bouis 


In the other comment, Bouis argues that changing 
patterns of rice consumption in Asia may be due pri- 
marily to structural changes in Asian economies, no- 
tably those related to rural migration and the com- 
mercialization of rice production. These results actually 
complement ours in that they provide insights into 
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the processes behind declining per capita rice con- 
sumption in some countries. Bouis’s results appear 
to support his conclusion that aggregate declines in 
rice consumption may occur as “agriculture becomes 
more Commescial and especially as rural population 
densities decl ne.” This conclusion can be linked to 
our results if is true that income increases in Asia 
are associated with agricultural commercialization and 
declines in rural population densities. While this as- 
sociation seems plausible, an empirical test is still 
needed. At ary rate, Bouis’s focus on country-spe- 
cific explanations for aggregate changes is a useful 
contribution tc: the discussion of Asian rice demand. 

Bouis does recognize some limitations in his anal- 
ysis. We woukl add a few procedural and conceptual 
points to his list. In discussing rice consumption, Bouis 
relies primarily on expenditure data. Rice expendi- 
ture is not the same as rice consumption because dif- 
ferent qualities of rice mean that there will be dif- 
ferent prices at any given time. In Japan, for example, 
rice prices ranze from around 300 yen per kilogram 
to over 600 yer per kilogram depending on the qual- 
ity (Ito, Wailes, and Cramer). Ito, Wailes, and Cra- 
mer have shown that higher-income consumers tend 
to purchae higf-er-quality rice rather than larger quan- 
tities. The figures in Bouis’s table 1 do not reflect 
shifts of this rature, and his inferences concerning 
the quantities consumed by higher-income consumers 
may be misleading. Similar comments may apply to 
his second tabl2 depending on whether the quantities 
shown were ob-ained by dividing expenditures by av- 
erage prices or whether data on quantities consumed 
were also collected in the expenditure surveys cited. 

Bouis’s emp-rical analysis is based on an equation 
relating changes in aggregate rice demand to a set of 
proxies that are supposed to measure changes in 
semisubsistence rice production and farm size, con- 
trolling for differences in rural and urban consump- 
tion. This equation does not appear to have a basis 
in economic theory because prices and incomes, vari- 
ables normally associated with the theory of demand, 
are not includec. Real retail rice prices are shown for 
most of the countries under discussion in table 2. In 
many cases these prices fell considerably between 1961 
and 1981, a fac: which may be important in account- 
ing for consumption patterns. Even if one accepts 
Bouis’s specification, it is not clear that the proxies 
used in the stat:stical exercise are good measures of 
the target variadles. For example, the first variable 
is supposed to measure the “contribution of semi- 
subsistence production of rice to total agricultural 
production.” Tc measure this, however, Bouis uses 
total rice production and agricultural GDP normal- 
ized on the percentage of the population that was ru- 
ral in 1961. This might make sense as a proxy if all 
changes in rice production took place on semisubsis- 
tence farms. Th:s may be true in some countries but 
probably not in all of them. 

In motivating 1is comment, Bouis suggests that we 
would explain changing consumption patterns by 
claiming that “urban incomes are higher and that higher 
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Table 2. Comparison of Real Retail Prices of Milled Rice in Asian Countries between 1961 


and 1981 

Real Price of 
Country 1961” 1981° 1961 Rice" Change“ 
Bangladesh (%) 
(taka/ton) 796 (11.5) 7,613 (116.2) 8,043 —5.4 
Burma 
(kyat/ton) 371 (27.3) 1,286 (100.3) 1,361 -5.5 
India 
(rupee/ton) 608 (26.1) 2,272 (113.0) 2,632 -13.7 
Indonesia 
(rupiah/kg) 44 20.0) 212 (112.2) 247 — 14.2 
Japan? 
(yen/60 kg) 4,351 (24.2) 16,381 (104.9) 18,838 —13.0 
South Korea 
(won/kg) 23 (6.6) 811 (121.3) 423 91.7 
Malaysia 
(M$/ton) 463 (51.4) 996 (109.7) 989 0.1 
Philippines 
(peso/ton) 470 (15.4) 2,660 (113.1) 3,451 —22.9 
Sri Lanka 
(rupee /t.) 1,277 (32.9) 6,250 (117.9) 4,576 36.6 
Taiwan 
(NT$ /ton) 5,390 (29.3) 19,600 (116.3) 23,378 —16.2 
Thailand 
(baht /ton) 2,320 (33.9) 7,900 (118.6) 8,125 —2.8 


Sources: IRRI, IMF, Republic of China, and Food Agency (MAFF, Japan). 
3 The Indonesian and Japanese figures are for 1970 and 1960, respectively. 


> Figures for Taiwan are for 1979. 


° Calculated using the consumer price index figures and expressed in real 1981 values. 


3 1981 rice prices relative to real 1961 prices. 
* Brown rice. 
f Numbers in parentheses are consumer price indices, 1980 = 100. 


income consumers prefer to substitute more preferred 
foods for rice.” In fact, we make no claims with re- 
spect to urban incomes. Our study relates national 
consumption to national income, focusing on aggre- 
gate income elasticities of demand. Thus, Pitt’s elas- 
ticity estimates for rural areas are not strictly com- 
parable to ours. Rural and urban demand elasticities 
often differ, as we noted (see also Moon, KREI, and 
Daly et al.). Further, we would emphasize that our 
estimates, as in the case of any elasticity estimates, 
pertain to marginal changes, not the large change Bouis 
suggests in his thought experiment on Japanese con- 
sumption at the beginning of his comment. 


Conclusion 


The authors of both comments have raised interesting 
points. In the conclusion of our original article we 
commented on some of the limitations of the analy- 
sis. Huang, David, and Duff, and Bouis suggest other 
limitations and offer further recommendations for an 
improved understanding of Asian rice demand. Their 
contributions are useful in refining the issues related 
to this important topic and offering alternative vi- 
sions of the changing markets for rice in Asia. After 
reflecting on their comments, however, we see no 


reason to alter the overall conclusions we presented 
in our article. The results of our study on China (Pe- 
terson, Lan, and Ito) support and strengthen those 
conclusions, although we are more willing to defend 
the trends we identified in the two studies than the 
exact magnitude of the estimated income elasticities 
in specific countries at specific times. Bouis empha- 
sizes the potential social costs of insufficient invest- 
ment if future rice demand is underestimated. It is 
important to note that there would also be social costs 
if rice demand is overestimated and too much is in- 
vested in this sector at the expense of other economic 
activities. 


{Received October 1990; no revision.] 
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The Efficiency of Alternative Policies for the EC’s 
Common Agricultural Policy: Comment 


Alison Burrell 


In a recent article in this Journal, De Gorter and 
Meilke (DGM) compare the redistributive efficiency 
of agricultural price support policies under alternative 
assumptions about accompanying supply control 
measures. Using a long-run supply curve which is 
assumed invariant with respect to policy choice, DGM 
assess the consumer/taxpayer cost per ECU of total 
producer surplus under different policies and con- 
clude that individual production quotas followed 
closely by a two-tier price policy are preferable to 
price reductions or a coresponsibility levy. 

The main substance of this note is that DGM’s fail- 
ure to recognize the underlying structural problems 
of EC agriculture and to identify the true political 
target of income support measures renders their ap- 
proach incapable of yielding a determinate ranking 
of these measures in terms of their medium-term ef- 
ficiency and invalidates their policy recommenda- 
tions. 

EC agriculture still suffers from the problem of too 
many producers of inadequate economic size. In the 
mid-1980s, agricultural employment in EUR 12 was 
still over 8% of total civilian employment. About one- 
third of total agricultural labor input was used on the 
38% of farms in the very small and small size groups 
(average size about 6 hectares), which produced only 
8% of total output (Commission). This pattern holds 
for most individual outputs. In particular, 51% of all 
holdings growing cereals in 1985 in EUR 10' had 
less than 5 cereal hectares, and 80% less than 10 
hectares (Eurostat). 

Paradoxically, the structural weakness of European 
agriculture is both the product of past policy and a 
continuing political constraint on attempts to reduce 
CAP price support. Despite the increased emphasis 
on structural policies for withdrawing surplus re- 
sources from agriculture (early retirement, dairy ces- 
sation, land set-aside, land conversion to nonagri- 
cultural use), there ts still considerable scope for the 
capture of economies of size. 

Clearly, medium-term structural evolution in EC 
agriculture is endogenous with respect to the choice 
of policy. It follows that an appropriate analytical 
framework for comparing medium-term policy out- 
comes must explictly recognize differential policy-in- 
duced shifts in the supply curve. Moreover, DGM’s 
device of standardizing the outcomes of alternative 
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policies by holding constant the aggregate producer 
surplus for the sector may be theoretically accept- 
able, but it is unsatisfactory as a basis for policy rec- 
ommendations in the EC context, where the political 
target of income support is the return to farm-owned 
assets of the marginal full-time farmer or per agri- 
cultural work unit. DGM’s approach ignores the fact 
that policy-induced changes in the number of pro- 
ducers and the distribution of total supply over pro- 
ducers will differ between policies, resulting in dif- 
ferent values of the political target for a given value 
of aggregate producer surplus. 

Initially, a quota scheme freezes structural change. 
Its medium-term impact depends on the arrangements 
for quota transfer. The greater the constraints placed 
on the free transfer of quota between producers, the 
more slowly cost-reducing structural change can pro- 
ceed. Attempts to counter this effect by increasingly 
expensive producer buy-out programs followed by 
quota redistribution to existing producers result in ad- 
ditional program costs which should be acknowl- 
edged in the comparative costing of policies. 

On the other hand, if quota is freely marketable, 
structural change is more rapid than in the absence 
of quota markets, permitting greater improvements in 
the efficiency of resource use but at the expense of 
policy efficiency. Over time, an increasing propor- 
tion of income support is capitalized into the value 
of quota.” As quota sellers are bought out, they take 
capital out of the sector. Established producers or new 
entrants who buy quota do so from owned or bor- 
rowed capital. If the capital is borrowed, the claim 
on assets in the sector becomes more diffuse and some 
income support intended for producers is creamed off 
by lending institutions. If the capital is supplied by 
the farmer, this extra capital still has an opportunity 
cost and must earn a return comparable with alter- 
native uses. In either case, the residual return to the 
traditional farmer-owned assets of land, labor, man- 
agement, and productive capital (excluding quota) is 
squeezed. This can be visualized as an upward dis- 
placement of the medium-term supply curve in DGM’s 
figure 1. 

By contrast, both the two-tier price and the price 
reduction policies lower the price on marginal units 
and on some or all intramarginal units and so provide 


? For instance, there has been significant, capitalization of in- 
come support into milk quota values in many EC member states 
since the scheme began in 1984, with quota prices reflecting the 
high marginal net return to expansion due to economies of size. 
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a greater stimulus to structural rationalization. Fall- 
ing costs cause a more rapid downward displacement 
of the aggregate supply curve, so that over time the 
relative redistributive efficiency of these policies (as 
defined by DGM) changes. At the same time, pro- 
ducer numbers decline. It is the net effect of these 
changes which determines producer surplus per ag- 
ricultural labor unit, according to which these alter- 
natives should be ranked. It is impossible to deter- 
mine the ranking from an analysis in which structural 
change is ignored. However, it seems unlikely on a 
priori grounds that the quota alternative would be op- 
timal. 

This view assumes that for the EC cereal sector 
and EC agriculture generally (a) there are significant 
potential size economies and (b) it is economically 
justified and politically realistic to ignore the costs to 
individuals of structural change. Regarding (a), we 
cite the poor size distribution of production referred 
to above, the existence of size-dependent technolo- 
gies involving greater mechanization and specializa- 
tion of management, and the copious literature (dis~ 
cussed recently by Castle, for instance) on the role 
of increasing size in the adoption of new technology. 

It can also be argued that the economic and polit- 
ical climate is increasingly favorable to proposition 
(b). The age distribution in EC farming is much more 
heavily weighted toward the over-50 age groups than 
in the industrial or service sectors (Commussion), and 
labor recruitment problems resulting from demo- 
graphic changes are forecast in these sectors for the 
1990s. More information is now available about the 
declining role of farming in the economics of many 
farm families. For instance, although three-quarters 
of holdings in the Federal Republic of Germany grow 
cereals, about half those in the field crops/mixed 
crops/crops and livestock categories have other gain- 
ful activity apart from farming (Eurostat). All this 
evidence suggests that the perceived social and po- 
litical costs of structural rationalization may be lower 
now than at any time in the history of the CAP. 

DGM’s comparison of the terms-of-trade effects of 
these policies is also questionable. With exogenous 
world excess demand for EC exports, the terms-of- 
trade benefits are greatest for the quota program be- 
cause it involves the largest reduction in the EC ex- 
portable surplus. However, these benefits may be 
short-lived. For example, in markets where world 
prices have been undermined by the export of EC 
surpluses (most notably dairy products and sugar) some 
of the world’s least-cost exporting countries have 
curbed their export capacity in order to avoid further 
deterioration of the terms of trade against them. Short- 
run terms-of-trade benefits enjoyed by the EC fol- 
lowing the introduction of a quota scheme could fall 
away as the volume of world trade is partly restored 
by these countries. Once again, it is a question of the 
medium-term endogeneity of supply conditions with 
respect to EC policy choice, but this time in other 
trading countries. Are these medium-term adjust- 
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ments incorporated (via lagged prices or otherwise) 
into DGM’s function for world excess demand for 
EC exports? 

Finally, two practical points should be stressed. 
First, DGM note that the dual role of wheat as both 
intermediate input (feed) and final product (food) 
would create problems in implementing a two-price 
scheme and hence their final recommendation of a 
quota scheme for this sector. However, under a quota 
system there would be the same tendency for feed 
wheat user prices to equal marginal production cost 
because cereal farmers with livestock production would 
use their own wheat (at cost) rather than buying it at 
the higher market price.* Second, the administrative 
difficulty of imposing the enforcing individual quotas 
in a sector where half of all holdings (about 2.5 mil- 
lion farms in EUR 10) grow cereals (Eurostat) is 
probably insuperable.* 

In conclusion, the long-term problems of EC ag- 
riculture must ultimately be solved by structural ra- 
tionalization. DGM ignore the medium-term endo- 
geneity of structural change and fail to incorporate 
into their model the structural impact of each policy. 
The current willingness of EC policy makers to in- 
crease their reliance on structural measures and on 
the targeting of assistance to particular groups of pro- 
ducers while at the same time taking a stronger line 
on support prices marks a step toward the decoupling 
of income support from market management and the 
renewal of the link between marginal supply and 
market conditions. A quota program is a backward 
move on this policy continuum. DGM’s conclusions, 
skillfully argued though they are, are based on a false 
identity between the long-run properties of their model 
and the long-run realities of CAP reform. 


[Received February 1990; final revision received 
August 1990. ] 
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Burrell argues that our welfare evaluations of alter- 
native policy options considered by the European 
Community (EC) for the Common Agricultural Pol- 
icy (CAP) fail to recognize policy-induced shifts in 
the supply curve. Burrell concludes that our approach 
is therefore “incapable of yielding a determinate 
ranking” and hence “invalidates” our policy recom- 
mendations. Although we analyzed four policy 
mechanisms and showed both theoretically and em- 
pirically that a production quota, under some circum- 
stances, is inferior to a two-price plan, Burrell de- 
termines unequivocably that a quota is an inferior 
instrument. 

Her conclusion is based on several arguments. First, 
nontransferable quotas induce economic inefficiency. 
This is true; but at no time in our original paper did 
we recommend that quotas, or any of the other three 
instruments for that matter, be implemented in an in- 
efficient manner. We assumed transferable quotas. 

A comprehensive evaluation of alternative imple- 
mentation methods for each of the four policy in- 
struments was beyond the scope of our paper. Never- 
theless, we question Burrell’s assertion that quotas 
will necessarily be implemented in a more inefficient 
manner than, for example, a two-price plan. To mo- 
tivate the problem, consider Canada’s production quota 
scheme for milk and compare it to the two-price plan 
used in the United States. Nontransferability of quo- 
tas between provinces in Canada induces deadweight 
costs additional to those calculated in our paper. Sim- 
ilar costs are also incurred currently in the EC with 
nontransferable milk quotas between countries.’ 
However, Class I minimum prices in the United States 
are set in relation to Eau Claire, Wisconsin, so that 
the most deficit region in the United States is self- 
sufficient in milk production. This induces additional 
social resource costs resulting from distorted regional 
production patterns akin to those induced by non- 
transferable quotas in Canada and the EC (Public 
Hearing on Federal Milk Marketing Orders).? In- 
deed, the U.S. two-price plan has another ineffi- 
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lines and found the costs to be minimal. 


ciency associated with it: farmers’ production deci- 
sions are determined by the blend price rather than 
the lower Class H price. These inefficiencies of the 
U.S. program may well induce more additional so- 
cial costs than a nontransferable quota scheme.’ 

Interestingly, a production quota scheme super- 
imposed on a two-price plan can improve efficiency. 
The United Dairymen of Arizona, representing all 
dairy farmers in Arizona, unilaterally instituted pro- 
duction quotas for Class I milk in the 1970s (de Gorter 
and Schmitz). Any milk produced in excess of this 
quota received the Class II price. This effectively 
eliminated the blend pricing scheme facing Arizona’s 
farmers and hence reduced output. Because the fed- 
eral government of the United States fixes the Class 
I and H prices to consumers, the latter’s welfare was 
unaffected. The welfare of Arizona farmers increased 
because the high Class I price was not diluted by the 
lower Class II price, and costs of overproducing at 
the blend price were not incurred. U.S. taxpayers 
benefitted because production was lower, and given 
fixed prices to consumers, resulting in lower costs in 
removing Class II milk products from the market. 
Production quotas were therefore a Pareto-superior 
move!* 

The open-ended price support system of the EC 
with unlimited export restitutions also has inefficien- 
cies that are ignored by Burrell and in our original 
paper. Since the late 1960s, producer prices in the 
EC have been anything but “common” as a result of 
green rates and member country subsidies which have 
resulted in the renationalization of agricultural sub- 
sidization (Runge and von Witzke). The incremental 
costs to a country of these subsidies are often less 
than the incremental benefits net of the increase in 
its share of the budget burden induced by this pro- 
duction increase. We call this phenomenon easy rid- 
ing on the CAP, rather than free riding because it 
costs a little to gain. As a result, the social costs of 
the CAP are higher; but these costs could be avoided 
with a production quota scheme that would limit the 
production effects of member country subsidies. 

The above discussion illustrates the impossibility 


> Another inefficiency induced by the blend pricing scheme in 


the United States which would not have occurred with quotas was 
the unnecessary conversion of grade B milk production enterprises 
to grade A enterprise. 

* The irony is that the quotas were disbanded after being deemed 
unconstitutional in a lawsuit brought forward by the Department of 
Justice. See de Gorter and Schmitz for an interesting discussion. 
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of arguing categorically that quotas are an inferior 
instrument because of nontransferability. 

Second, Burrell argues that even transferable quo- 
tas induce a leftward shift in the supply curve. Farm- 
ers, she argues, bid up the price of quotas such that 
the returns are comparable to other enterprises, caus- 


ing an upward displacement in the medium-term sup-. 


ply curve. This is true, but the capitalization of rents 
would also occur with the other instruments evalu- 
ated in our paper. Rents in the two-price plan would 
have to be allocated with marketing quotas or certif- 
icates of some kind, generating a value just like pro- 
duction quotas. An open-ended price support scheme 
with or without a co-responsibility levy will result in 
the values of other fixed assets like land bid up so 
that the returns to farming will be comparable with 
alternative uses of capital. If land purchases are un- 
dertaken with borrowed capital, then the same amount 
of “creaming” of income support by financial insti- 
tutions will occur. There is nothing unique to quotas 
in this entire discussion by Burrell.’ 

A further criticism of our paper made by Burrell 
is that zggregate producer welfare is not the appro- 
priate political target. We acknowledge that an im- 
proved and more refined policy performance measure 
other than aggregate producer surplus is desirable. 
Burrell argues that the true political target is returns 
to farm-owned assets of marginal full-time farmers 
or producer surplus per unit labor in agriculture.® She 
states that EC agriculture suffers from too many 
farmers of inadequate size and that politicians ignore 
costs of adjustment. Indeed, Burrell implies that the 
price support schemes of the CAP are intended to 
facilitate structural rationalization of European agri- 
culture. We question the views taken by Burrell on 
this issue. Indeed, we would argue the opposite in 
that the political rationale of price support schemes 
is to compensate farmers for the costs of adjustment 
and to slow the migration of farmers out of farming 
and rural areas in general. Politicians, therefore, nei- 
ther ignore adjustment costs nor feel there are too 
many farmers. Surely, if structural adjustment was 
the primary motivation for the CAP, a more efficient 
instrument than open-ended price supports could have 


$ Footnote 2 in Burrell states that the price of quota values for 
milk in the EC reflect high marginal net returns to expansion due 
to economies of size. This is purely speculative. All farms receiv- 
ing quotas in 1984 were required to reduce production from their 
historical levels. All farms therefore experienced marginal returns 
higher than marginal costs. Just because some farms have lower 
marginal costs and are able to purchase quotas in expanding output 
does not imply a change in the economies of size. Indeed, how can 
one tell that the largest farms have the lowest marginal costs at the 
initial level of quota? Perhaps smaller than the largest farms bought 
quota, and so fewer large farms now exist. Besides, one can show 
that positive quota values exist in an industry exhibiting constant 
returns to scale. 

é Quotas are a farm-owned asset and so returns are realized by 
those farmers that politicians have targeted in issuing quotas to them 
in the first place. 
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been found. Quotas have the further advantage of al- 
lowing gcvernments to achieve political efficiency 
more easily by being able to target benefits of price 
supports to specific farmers. Ironically, Burrell finds 
it paradoxical that the structural weakness of Euro- 
pean agriculture is both a product of the CAP and of 
political constraints. This would not be a paradox if 
one understood the true political goals of the EC.’ 
Burrell also questions our discussion on the terms- 
of-trade effects of these policies and asks whether the 
endogeneity of supply conditions with respect to EC 
oolicy in other trading countries is incorporated in 
our analysis. We borrowed the excess demand elas- 
ticities from the work of Tyers and Anderson. These 
elasticities were estimated by using information on 
the domestic supply and demand elasticities in the 
most important trading nations, the shares of pro- 
duction and consumption that are traded, and the price 
transmission elasticities. The latter include the effects 
of policy in other countries by summarizing how do- 
mestic prices (and policy instruments) set by govern- 
ments respond to changes in world market condi- 
tions. In this sense adjustments by other countries to 
EC policy is incorporated in our analysis by these 
price transmission elasticities. We do, however, 
question Burrell’s assertion that the rest of the world 
curbs export capacity in response to any deterioration 
of the terms of trade resulting from EC export surplus 
disposal schemes. The U.S. response to increased EC 
export restitutions on wheat in the 1980s was to lower 
the loan rate and institute the export enhancement 
program. This U.S. response lowers the world price 
rather than increases it as argued by Burrell. 
Finally, Burrell makes two practical points. The 
first point is that our welfare measure is incorrect be- 
cause, under a quota system, cereal farmers with 
livestock would value their own feed at cost rather 
than at the high price support. This is absolutely false. 
Our measure of producer welfare is an economic one 
that includes opportunity costs. Selling grain to your 
own livestock enterprise does not preclude the eco- 
nomic benefits of the price support from being cap- 
tured. Any farmer that feeds his own feed under a 
quota scheme for cereals incurs the opportunity cost 
of not selling the cereal on the market at the high 
price support. The second practical point raised in- 
volves the administrative costs of enforcing quotas 
with so many farms. This may be a legitimate point, 
but we have two qualifications. First, if it is so com- 
plex, how is it that the Canadian Wheat Board man- 
ages marketing quotas and how does the United States 


’ Burrell argues that more farmers would remain in farming with 
transferable production quotas compared to other instruments at- 
taining the same level of producer surplus. This is not correct, as 
quotas typically result in lower levels of output relative to other 
options and trar:sferable quotas ensure production will occur by the 
most efficient number and size of firms. Therefore, it is quite pos- 
sitle that the number of farms declines more with production quotas 
relative to other policy instruments. 
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administer base acreage? Second, it is not obvious 
that quotas are any more difficult to administer than, 
say, a two-price plan or a co-responsibility levy. Both 
are difficult: and potentially messy to administer. 
Nevertheless, we admit that our welfare analysis, like 
most, ignores administration costs. 

In conclusion, Burrell argues that, because we ig- 
nore endogeneity of structural change, our policy 
recommendations are based on a false identity be- 
tween the properties of our model and the realities of 
CAP reform. From the discussion above, it is ob- 
vious that Burrell has failed in developing a logically 
consistent analytical and empirical framework to in- 
corporate the structural impact of EC policy alter- 
natives. Although such an analysis was beyond the 
scope of our original paper, we do not wish to deter 
the profession from analyzing such issues. Examples 
of work in this vein are the landmark paper by Krue- 
ger in analyzing the differential impact of import tar- 
iffs versus quotas, and de Gorter and Fisher who ana- 
lyze rent seeking in a dynamic analysis of how (non- 
quota!) policy in the United States induces additional 
deadweight losses beyond those captured in the tra- 
ditional static analysis.* 


[Received October 1990; no revision.] 


€ For an excellent survey article, see Brooks and Heijdra. 
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Atkin, Michael. Agricultural Commodity Markets: 
A Guide to Futures Trading. London: Rou- 
tledge, 1989, 249 pp., $79.95. 

Until the late 1970s, agricultural economists had a 

virtual monopoly on books dealing with the futures 

markets. With the development of financial and op- 
tions contracts, a host of books were generated by 
authors who are not agricultural economists, al- 
though a recent book by Leuthold et al., The Theory 
and Practice of Futures Markets, bucks the trend. 

Many books include agricultural commodities as only 

one segment of the futures market complex, for ex- 

ample Understanding Futures Markets, by Kolb. Other 
books focus on specific nonagricultural futures con- 
tracts, the Loosigian books, Interest Rate Futures and 

Foreign Exchange Futures, are good examples. The 

current approach is not to examine specific types of 

futures contracts at all, but to present theory and an- 
alytical techniques useful to advanced students and 
practitioners. Examples of this genre include Option 

Pricing by Jarrow and Rudd and Commodities Trad- 

ing by Seidel and Ginsberg. 

The book under consideration, Agricultural Com- 
modity Markets: A Guide to Futures Trading, seems 
to be a return to a bygone era, a descriptive book 
focusing only on agricultural commodity futures mar- 
kets. In the author’s words, it is a book “aimed at a 
broad audience of students, economists, traders and 
the general public” (p. xv). The book is intended to 
fill the gap between highly technical publications and 
the “get-rich-quick trading commodities” books. 

Organizationally, the book is sectioned into two 
parts. The first part gives the reader an overview of 
the structure and operations of the agricultural com- 
modities futures markets. In the second part of the 
book, the author examines the major agricultural 
commodities including grains, oilseeds, livestock and 
meat, coffee, cotton, sugar, and cocoa. 

The book is well written, although the use of Brit- 
ish rather than American spelling in some places is 
slightly disconcerting. More disturbing is the use of 
British terms, such as contango for carrying charge, 
backwardation for inverse carrying charge, highly 
geared for leveraged and maize for corn. The author 
does explain the difference in terminology. The first 
part of the book on the structure and operations of 
futures markets is rather brief, although the chapter 
on options is especially well written. The discussion 
of major agricultural commodities is the usual de- 
scription of factors affecting supply and demand con- 
ditions for each commodity. The treatment of hedg- 
ing takes only slightly more than three pages, although 
it is mentioned in passing in several other places. In 
contrast, an entire chapter is devoted to speculation. 
A major drawback in both chapters, throughout the 
book for that matter, is the lack of examples. 

Atkin’s last chapter, “The Future of Futures,” is 


the best in the book. He traces the development of 
futures markets, including the introduction of finan- 
cial futures contracts, to the present time and then 
describes his vision of the future for futures trading. 
He envisions the development of a global market for 
futures trading and points out the need for futures 
trading centers rivaling Chicago to be located in the 
Pacific Rim and in Europe. Atkin also points out that 
“the potential for increased developing country usage 
of futures markets is huge, given their importance in 
world agricultural trade” (p. 222). Intriguing is his 
discussion of the development of computer-based, 
electronic trading systems which would allow 24-hour 
trading around the world. Because of the difficulties 
which would arise if live floor trading were replaced 
with totally computerized markets, Atkin foresees “a 
novel combination of the two types of trading. . .” 
(p. 216). 

In summary, Agricultural Commodity Markets 
would not make a good teaching text for the simple 
reason that it lacks examples, problems, and end-of- 
chapter questions that would aid student understand- 
ing. Most economists today would expect more depth 
and breadth in a book on the futures markets. Be- 
ginning tracers and the general public interested only 
in agricultural futures would find the book useful, 
although potential hedgers would be very much dis- 
appointed. 


Michael W. Woolverton 
American Graduate School of 
International Management 
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Becker, Tilman. Die Weizenexportpolitik der Eu- 
ropdischen Gemeinschaft (Wheat Export Pol- 
icy of the European Community). Agrarwirt- 
schaft Special Study No. 121. Frankfurt am 
Main, Federal Republic of Germany: Alfred 
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Strothe Publishers, 1989, 242 pp., 44.5 DM 

(approx. $27.81). 
Since the Food Security Act of 1985, the United States 
has pursued a two-pronged agricultural export policy 
with respect to the European Community (EC). It has 
employed the Export Enhancement Program (EEP) to 
increase U.S. market share in EC-contested markets 
while encouraging multilateral trade liberalization 
through the General Agreement on Tariffs and Trade 
(GATT). Because the focus of the competition be- 
tween the United States and the EC has been the world 
wheat market, European studies of this market are of 
obvious interest to an American audience. 

Becker’s study has two objectives: to analyze the 
EC grain export policy and to suggest decision cri- 
teria for efficient export administration. These objec- 
tives are pursued in five chapters: introduction, the 
EC as grain exporter, the world wheat market, the 
EC wheat export policy, and summary. 

From Becker’s perspective, EC grain policy faces 
a conflict between the stable domestic demand and 
rising production. EC grain yields rose at a rate of 
3.3% annually between 1967 and 1984 and are ex- 
pected to continue increasing until by the year 2000 
the EC-12 may have to retire up to 30% of its current 
production area. 

Because the EC grain programs are likely to re- 
main expensive, how can export subsidy (restitution) 
expenses be minimized? Becker analyzes EC resti- 
tution costs for wheat and barley as an example. Us- 
ing a Lagrangian framework, Becker concludes that 
EC expenses are minimized when the ratio of mar- 
ginal changes in wheat and barley restitution costs 
are equal to the ratio of wheat and barley feeding 
values. Becker reports that the EC appears to have 
used this decision criterion in 1983 and 1984 but de- 
viated from it in 1985 to avoid confrontation with the 
United States. 

He goes on to characterize the world wheat market 
as oligopolistic, with the United States providing price 
leadership. Grain storage is the key to his under- 
standing of the wheat market because it allows ex- 
porters to practice seasonal price discrimination. By 
manipulating stocks and export subsidies, exporters 
can force the elasticity of export demand toward 1 
and maximize export earnings. U.S. price support 
policy reinforces this result, Becker argues, when 
target prices are set in the elastic portion and loan 
rates are set in the inelastic portion of the demand 
curve. 

The author presents a graphical analysis of supply 
and demand conditions in the subsidized and non- 
subsidized export markets and concludes that export 
subsidies are rational only when revenue gains from 
price increases in nonsubsidized markets offset costs. 
This occurs when the supply curve in the nonsubsi- 
dized market is inelastic. Consequently, unless world 
supplies are constrained, export subsidies are likely 
to result in a net welfare loss. 

Becker concludes by addressing two questions: when 
_and where should the EC export? 
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When? Becker simulates seasonal EC export levels 
using a profit function for wheat storage. Studying 
both budget cost minimization and profit maximiza- 
tion, optimal marketings are shown to occur earlier 
in the marketing season as storage costs, interest costs, 
wheat prices, and the elasticity of demand rise. Becker 
concludes that EC welfare gains could increase 10 
million ECU by using export licenses to select the 
optimal timing of export marketings. The same result 
is obtained when private firms time marketings ac- 
cording to his framework. Optimal timing of wheat 
export licenses in 1987/88 could reportedly have saved 
the EC up to 100 million ECU. Becker notes that cost 
minimization and profit maximization yield differing 
seasonal export recommendations. 

Where? In analyzing the relative performance of 
exporters in the nine EC export marketing zones, 
Becker develops a probabilistic model of trade flows 
based on world origin and destination statistics. He 
argues that the EC should concentrate on import mar- 
kets in which the competition from other exporters is 
unstable; that is, in markets where importers are price 
sensitive rather than exhibiting loyalty to one sup- 
plier. EC subsidy expenses should furthermore rise 
in markets with high elasticity of demand and fall in 
markets with low elasticity of demand. In this man- 
ner, marginal changes in restitution costs are equal- 
ized across all importers and budget expenses are 
minimized. This has the effect of increasing restitu- 
tions in distant markets and decreasing restitutions in 
local markets. 

Becker more than adequately accomplishes the ob- 
jectives set forth for his work. His analysis of EC 
export operations and policy is thorough, and his cut- 
line of decision criteria for program administrators is 
convincing. The study’s chief weakness stems, in part, 
from its pragmatic nature. Becker’s research is 
preoccupied with “second-best” policy prescrip- 
tions—prescriptions that increase the efficiency of 
existing programs. He recognizes that export subsi- 
dies are suboptimal in the current market environ- 
ment and that land retirement cannot ultimately be 
avoided. He does not, however, employ these in- 
sights to widen the scope of this research. Conse- 
quently, it is clear that his research results will be of 
most interest to individuals who are administrators of 
EC wheat programs. Advocates of trade liberaliza- 
tion are less likely to find his research useful. 


Stephen W. Hiemstra 
Farm Credit Administration 


Coombs, H. C. The Return of Scarcity: Strategies 
for an Economic Future. Cambridge, UK: 
Cambridge University Press, 1990, x + 171 
pp., $39.50, $17.95 paper. 

This book is discomforting. Its essence is that pop- 

ulation growth, technological change, and free mar- 

kets confronting finite material resources are leading 
the world on the path to perdition. Of course, its theme 
is not new, nor are its arguments~and eWidence par- 


540 May 199] 


ticularly original. But it packages the message is such 
a way that even the most ardent worshiper of free 
markets has his/her faith shaken a little by the end 
of the book. 

The author has had a distinguished career in aca- 
demia, government, and community service in Aus- 
tralia. He is a former governor of the Reserve Bank 
and chancellor of the Australian National University. 
For the past twenty years, he has been a leader in 
developing policies to promote the arts and policies 
to assist Australia’s aboriginal peoples. Now, at eighty- 
four years old, he is a visiting fellow of the Centre 
for Resource and Environmental Studies at the Aus- 
tralian National University. 

This book is a compilation of essays written over 
the past two decades. The essays reflect the author’s 
“anxiety as a private citizen and member of the ac- 
ademic community about the threat to our society” 
arising from the interaction of economic and ecolog- 
ical problems. As might be expected, there is con- 
siderable repetition of ideas in the nine essays. Also, 
there is consistency in his essays, which is somewhat 
surprising with worldwide changes in political and 
economic systems over the past twenty years. 

According to Coombs, market economies produce 
a vast array of goods, and by standard measures, GNP 
and accumulated wealth, western societies’ economic 
welfare is increasing. But the end products of the sys- 
tem—the lifestyles of its members, their cultural ex- 
periences, their personal relationships, and their 
physical environment-—are worsening and are likely 
to continue to do so. 

Population growth, increased demand for con- 
sumer goods, increased scarcity of basic resources, 
increased use of labor-saving technology, and the 
emergence of a world economy continually change 
the operation of the economic system. First, they in- 
crease rents for owners of scarce resources, owners 
of technology, or those with specialized knowledge. 
Labor is rewarded less, and it is placed in an increas- 
ingly unfavorable bargaining position. The result is 
a continuing redistribution of income toward owners 
and away from workers and providers of services. 
Increasing shares of income go to transnational cor- 
porations, which tend to dominate the development 
of economies. There is increasing difficulty in satis- 
fying the expectations of adequate and improving real 
incomes for most in society. Expanding population, 
technological innovations, and environmental deg- 
radation reduce practical alternatives for a simpler 
lifestyle. Private property closes off opportunities for 
low-cost access to the amenities of nature. Environ- 
ment quality deteriorates as technological change re- 
sults in polluted air and water. Species are threatened 
with their very survival. Quality of life may improve 
for the few fortunate, but for the vast majority, qual- 
ity of life deteriorates even though their consumption 
of consumer goods may increase. 

Coombs solutions mostly rely on heavy handed 
government intervention. Some of this intervention 
would change economic incentives. A resource tax 
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or graduated rayalties would be levied against users 
of scarce resources. Differential pricing for electric- 
ity, petroleam, and water would result in higher prices 
for heavier usecs. A tax rebate would be used to en- 
courage savings and investment. Advertising would 
be thwarted by limiting income tax deductibility of 
advertising expenses. But his principle strategies are 
selected goverrment ownership or regulation. Scarce 
minerals, fores , seas, soils, vegetation, and wildlife 
would be collectively owned. Title to these scarce 
resources would be vested in an authority indepen- 
dent of corporete and political control. License for 
their use would be granted to those assuring their 
conservation. Monopoly rents would be collected and 
distributed to subsidize resource conservation re- 
search, to finance community facilities designed to 
improve the quelity of life, and to provide all citizens 
a “national dividend.” Land users including farmers 
would submit land use management plans and have 
them approved by a conservation authority. Simi- 
larly, all enterprises involved in resource industries 
would comply with approved resource and environ- 
mental plans. The government would use unem- 
ployed labor to srotect and improve the environment. 
Inheritance taxes would confiscate most decedents’ 
property except the family home, personal posses- 
sions, family-op-erated farms, and other individually 
operated enterpuses. 

Those who se the “workings of the market as 
expression of divine wisdom” will be irritated by this 
book. Indeed, they probably will dismiss it after a 
few pages. After all, resource substitution, techno- 
logical change, and increasing productivity will mit- 
igate the impaccs of increasingly scarce resources. 
Societies do not need the heavy hand of government 
to adapt. In fact, market mechanisms provide for 
quicker and mere efficient adaptation to resource 
scarcity than do administrative solutions. I imagine 
that Coombs would concur with this judgment. He 
does not questicn the efficiency cf the market or its 
ability to respord to scarcity. His argument is that 
standard econom_c measures of performance are faulty. 
They do not valie quality of life—income distribu- 
tion, environmental quality, stocks of finite mineral 
resources, ameniies of nature, opportunities to choose 
simpler lifestyles, the involvement of individuals in 
groups, and the fulfillment individuals receive in their 
lives. His view Żs that quality of life is deteriorating 
even though GNP is increasing and that only collec- 
tive action to cause structural change in our economic 
system can keep this deterioration from accelerating. 


D. Lynn Forster’ 
Ohio State University 


Demissie, Ejigou. Small-Scale Agriculture in 
Americe: Race, Economics, and the Future, 
Ist ed. Bou'der CO: Westview Press, 1990, x 
+ 135 pp., $20.00. 

This book accomplishes what few cthers, if any, have 

attempted, an economic assessment of small-scale 
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farms (gross sales less than $40,000). This assess- 
ment is vital because small-scale farms represent the 
majority of agricultural enterprises in the United States. 
Moreover, the author provides an analysis of both 
black and white small-scale farmers. The primary ob- 
jective of the book is to describe the history and cur- 
rent status of small-scale farm operators in the United 
States and to provide background information that can 
be used by policy makers and program administrators 
as they attempt to halt further decline of small-scale 
farms. Demissie notes that the book is written for 
audiences in the agricultural and nonagricultural 
communities, students of agriculture, as well as cit- 
izens who have concerns about small-scale agricul- 
ture and rural development. 

The book is divided into seven chapters. The in- 
troductory chapter begins with the author’s descrip- 
tion of the structural changes (farm size and number) 
that have occurred in the agricultural sector this cen- 
tury. This chapter clearly shows that “most of the 
decline in the number of farms has been in the small- 
scale farm category” (p. 3). 

In chapter 2, the general characteristics and trends 
for small-scale farms and farm operators are ad- 
dressed. The author provides a “profile of small-scale 
farms with respect to their agricultural production, 
resource use and control, farm asset holding, types 
of enterprises, and farm production expenses” (p. 8). 
Furthermore, he compares and contrasts the profiles 
over time and by farm size, thus showing the rapid 
decline of farms, especially among blacks. 

Chapter 3, entitled “Characteristics and Compo- 
sition of Black Farm Operators and Their Farms,” 
examines some of the same characteristics addressed 
in chapter 2 but discusses differences between black 
and white farm operators. It presents an historical view 
of these farms as well as their current status. The 
chapter concludes with a short discussion of the his- 
torical development of 1890 land-grant institutions 
(black land-grant colleges and universities) and their 
role in assisting small-scale farmers, especially black 
farmers. 

Chapter 4 gives an economic assessment of the farm 
and farm operators by examining their past and pres- 
ent financial conditions. The chapter looks at trends 
in farm income, assets and debts, surmising that their 
financial problems are symptoms of the structural 
changes. The financial comparison was based on farm- 
sales class, thus depicting the poor financial condi- 
tion of small-scale farmers. This chapter further 
showed that many small-scale farmers do not obtain 
financing from traditional lending institutions but from 
internal savings. 

Chapter 5 discusses some of the social, economic, 
and political constraints that have negatively im- 
pacted the survival of small-scale farm operation in 
the United States. The factors addressed included re- 
source endowment, education, technology, market- 
ing, management and information, government pol- 
icies and programs, and sociological constraints. 

In chapter 6, “Small-Scale Agricultural and Rural 
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Development,” the author attempts to show that the 
loss of small-scale farms has had a substantial impact 
on both the viability of rural communities as well as 
the fabric of rural life. Although this discussion is 
interesting, it lacks depth. Very few data are used to 
support the discussion. 

Chapter 7 provides a brief discussion about the 
various programs (technology, management, mar- 
keting, education, credit, and government) that can 
be useful in solving problems faced by small-scale 
farmers. The author places particular emphasis on the 
enhancement of research and extension efforts to 
eliminate the decline of small-scale farms. 

The material contained in this book, basically taken 
from the Census of Agriculture, can contribute to an 
enlightened dialogue about the plight of small-scale 
farmers, especially black operators. It is an excellent 
resource book that can be used to increase public 
awareness of the issues, concerns, and possible pub- 
lic policies that could affect the future survival of 
small-scale farmers. Moreover, although much of this 
material is not new, having the information in this 
condensed version makes it valuable. The book falls 
short in several areas, however. It is not well inte- 
grated, there are some redundant materials and poor 
sentence structure, especially in the first two chap- 
ters. Because it is written for the average citizen, the 
book may not have the sophistication that graduate 
students and professionals in the field expect. Last, 
the future, as depicted in the book’s title is not ad- 
equately addressed. Notwithstanding, the book makes 
a substantial contribution to a very important seg- 
ment of our population, small-scale farmers. 


Donald R. McDowell 
North Carolina A&T University 


Ferguson, Roy C., H. Managing for Profit in Com- 
mercial Agriculture. Englewood Cliffs NJ: 
Prentice-Hall, 1990, xvii + 208 pp., $47.20. 

This book attempts to deal with both the Canadian 
and U.S. situation, but the Canadian references are 
an obvious afterthought. The book has several weak- 
nesses but is useful for farm management profes- 
sionals and students as a reference source. The first 
and most glaring weakness is that the task of proper 
analysis of the farm business is made to look too 
complicated for most farm business managers. The 
calculations and the acronyms used in the calcula- 
tions are often confusing. The author has made little 
attempt to clarify and simplify the text. The amount 
of detail recommended leaves the impression that many 
managers will need to hire professional expertise to 
help manage their businesses. 

The book begins by discussing the farm business 
problems of the past ten to fifteen years and the role 
that weak financial accounting and analysis proce- 
dures played in these problems. The author argues 
that most of these problems could have been avoided 
by following his system of financial analysis. He cor- 
rectly stresses that agriculture is no different from any 
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other form of business and therefore should be sub- 
ject to the same strict borrowing, accounting, and 
analysis rules as other businesses. He also argues that 
detailed accounting information with as much accu- 
racy as possible should be emphasized. In chapter 4, 
he presents the recommended financial documenta- 
tion needed for agriculture and includes examples of 


balance sheets, operating statements, cash flow state-. 


ments, and loan documentation requirements. The 
amount of detail recommended is very commendable 
but probably impossible to achieve economically on 
many Canadian farms, even if the owners wanted to. 

Chapters 5, 6, and 7 present the “Ferguson System 
of Financial Analysis,” and chapter 8 includes a 
number of cases that apply the system. Fourteen 
“signals of financial health” are presented in chapter 
5, with emphasis that this is the minimum for proper 
financial analysis and that the reduction to fourteen 
already represents a significant compromise. The full 
“Ferguson System” of thirty-six financial ratios and 
indices are presented in chapter 7. The author em- 
phasizes that no single ratio or small group of ratios 
should be used on their own or with less than four- 
to-six years of detailed and accurate data to back them 
up. These data requirements both in duration and de- 
tail effectively eliminate most Canadian farms. 

The author goes on to designate a series of critical 
values or guidelines for the various ratios and indices 
dependent on enterprise type, such as crops, hogs, 
cow/calf, beef feedlot, poultry, and dairy. These 
guidelines are given as precise measurements but are 
backed up only by the “Ferguson Group experience” 
rather than with any quantitative study proving them 
to be legitimate leading indicators of farm financial 
troubles. In addition, the ratios should be adjusted by 
a rather complicated process for changes in such items 
as percentage of total revenue and proportionate sales 
from the various enterprise types referred to above. 
Chapter € presents examples of how to calculate these 
adjusted guideline levels. Chapter 8 presents a num- 
ber of cases to illustrate the use of the “Ferguson 
System.” The cases are quite detailed, and the text 
describing the analysis is hard to follow. I could not 
help but get the impression that with detail supplied 
in the cases, the answers for the most part were quite 
clear by studying the exhibits and did not need the 
full application of the “Ferguson System” to solve. 
In fact the “Ferguson System” application seemed to 
add to the confusion. 

Chapter 9 is entitled “Eight Fatal Flaws Leading 
to Problem Debt” and is a very good summary of 
some important considerations in farm credit man- 
agement. Chapter 10 deals: with farmland purchase 
economics. The return to land are calculated for a 
number of crops, including grassland, land quality, 
and locations. The author concludes that land seldom 
if ever pays for itself and that farm managers should 
seriously consider renting a portion of their land. 

Chapter 11 is entitled “Capital Development” and 
deals with the subject of obtaining capital from lend- 
ers and investors. The author presents a number of 
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aints that will ensure the lender's thoughtful consid- 
eration of the loan proposal. The chapter also deals 
‘with ways and means of attracting investor capital 
and suggests the completion of a 200- to 400-page 
complete business plan. I am not aware of too many 
farmers who could complete such a plan without con- 
siderable professional help. 

Chapter 12 deals with the understanding and ef- 
fective implementation of five disciplinary principles 
called “Management Stardom’s 5 Points.” The first 
is knowing the business you are in, which includes 
the key characteristics and requirements of commer- 
cial agriculture and the need for a strong management 
information system. Next is the requirement to main- 
tain a correct internal business structure with respect 
tə the use of capital and monitoring performance. 
Third, eliminate price risk for both inputs and outputs 
through futures markets and forward contracts. The 
fourth point is to maintain efficient operations by re- 
ducing cost, eliminating crisis management, and 
monitoring performance. The final point is the use of 
effective people from management and ownership to 
employees to professional counsel. 

The final chapter is an epilogue that warns that the 
recent financial disasters could easily be repeated if 
farmers do not become significantly more business 
conscious and adopt the approach presented in the 
book. 

In summary, the book is a good addition to the 
library of anyone interested in farm business man- 
agement. The frequent references to the author’s sys- 
tem and company and the need for professional help 
eliminate it, in my opinion, from use as a university 
text. 


William J. Brown 
University of Saskatchewan 


Hancock, Graham. Lords of Poverty: The Power, 
Prestige, and Corruption of the International 
Aid Business. New York: The Atlantic Monthly 
Press, 1989, 234 pp., $17.95. 

Western nations provide some $60 billion of foreign 

aid annually to developing or Third World countries. 

Despite this huge transfer of funds from the West, 

Hancock argues that developing countries would be 

better off without it. The author’s assessment of for- 

eizn aid is based on his many years of foreign ex- 
perience as a reporter for The Economist. In his words, 
foreign “aid is not bad . . . because it is sometimes 
misused, corrupt or crass; rather, it is inherently bad, 

bad to the bone, and utterly beyond reform” (p. 183). 

To illustrate the ill effects of foreign aid, Hancock 

attacks the “rich and powerful bureaucracies . . . that 

administer the West’s aid and then deliver it to the 

poor of the Third World. . .” (p. xv). 

Hancock’s book is divided into six chapters, with 
each chapter attacking specific aid bureaucracies or 
employees of the aid industry. Chapter 1, titled 
“Masters of Disasters,” sets the stage, and it provides 
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many examples of development gone awry. Included 
among these are examples of charitable organizations 
spending most monies intended for developing coun- 
tries, food shipments never reaching their intended 
destinations, donated food being unfit for human or 
animal consumption, field employees of the aid in- 
dustry refusing to do field or site assessments of food 
and medicine needs during disasters or crises, and 
western experts placing evangelism ahead of assis- 
tance. Chapter 2 attacks the World Bank, the Inter- 
national Monetary Fund, and other multilateral or- 
ganizations such as the European Economic 
Community and the United Nations. The alleged sins 
of these organizations include wasteful expenditures 
of $10 million for annual meetings of the World Bank 
and International Monetary fund; structural adjuste- 
. ment loans (SAL) causing massive increases in un- 
employment in Chile, substantial increases in child 
malnutrition in Peru, and significant increases in in- 
fant mortality rates in Brazil. 

Chapter 3, “The Aristocracy of Mercy,” attacks 
the many organizations of the United Nations and the 
many individuals who profit from these and other aid- 
related organizations. Hancock states that most work- 
ers in the aid industry admit they are attracted to the 
high salaries and the opportunity to stash away small 
fortunes. An example includes a UN worker who 
states, “I won’t try to pretend that I took this job out 
of idealism . . . the money was very important to 
me.” (p. 79). The monetary rewards of “aid indus- 
try” employment also are evident as one considers 
the fact that another employee of the United Nations 
privileged aristocracy “was receiving a subsidy of 
$10,661 per month towards the cost of his three-bed- 
room apartment . . . close to UN headquarters” (p. 
93}. Moreover, the Food and Agriculture Organiza- 
tion arm of the United Nations has “750 individuals 
whose pensionable remuneration ranges from $70,000 
to $120,000 a year. . .” (p. 93). Hancock argues 
that such remunerations are not paid because they are 
necessary to attract the best and most competent em- 
ployees. On the contrary, “at every level of the mul- 
tilateral agencies, maladjusted, inadequate, incom- 
petent individuals are to be found clinging tenaciously 
to highly paid jobs . . . betraying the world’s poor 
in whose name they have been appointed” (p. 99). 

Chapter 4, “The Midas Touch,” attacks foreign 
“experts” for planning and implementing projects in 
the Third World on the basis of information gained 
from runways and highways. Hancock states that 
“major development projects absorbing vast sums of 
Western tax-payers’ money and affecting the lives of 
billions of people in the Third World for years to come 
are routinely conceived, planned, supervised and ap- 
praised on the basis of visits that are equally brief, 
hurried and superficial” (p. 121). He concludes that 
such projects occur because the World Bank and its 
partners in development are “out of touch with poor 
people, and with the day-to-day realities of their lives 
ee Cy LOLs 

Hancock’s attack in chapter 5 is directed at the dis- 
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proportionate share of “aid” expenditures that are spent 
in industrialized countries. He questions the logic of 
an American aid program that is intended “to meet 
the basic needs of poor people in developing coun- 
tries” (p. 160). . . when “70 cents out of every dol- 
lar of American assistance to the Third World never 
actually leave the United States” (p. 156). Similarly, 
he questions the Third World development efforts of 
the World Bank when 70% of its funds are “spent on 
goods and services from the rich industrialized coun- 
tries” (p. 159). Worse still, purchased goods and ser- 
vices from industrialized nations are often marked- 
up and of low quality. He further argues that the 
introduction of food commodities, such as wheat, does 
a disservice to the development process because it 
relegates local commodities, such as corn, to an in- 
ferior status. 

The final chapter summarizes the previous five but 
also provides additional evidence about the ill effects 
of foreign aid. A point of focus for the author relates 
to financial flows between Third World countries and 
wealthy industrialized nations. Measures of financial 
flows show that Third World nations are net donors 
to industrialized nations, raising the question of who 
is helping whom? 

Any reader of this book, whether employed inside 
or outside the aid industry, will probably agree that 
the author provides evidence that there have been many 
ill-conceived, mismanaged, and wasteful projects un- 
dertaken in Third World countries. Individuals inside 
the aid industry, and even some outside, will un- 
doubtedly conclude that the author has provided a 
biased and unfair assessment of the aid industry, 
however. Despite the billions of dollars that have been 
wasted, clearly there are some success stories related 
to foreign aid. Improved education, better transpor- 
tation, telelphone communication, and electricity 
generation are benefits that most observers attribute 
to foreign aid. Perhaps net financial flows between 
the rich and poor are not a relevant measure of for- 
eign assistance. A more meaningful measure might 
be the enhanced economic ability of poor countries 
to make financial transfers as a result of previous for- 
eign assistance. 

Additionally, perhaps foreign assistance should not 
be evaluated by the extent to which poor people are 
involved in project planning but the extent to which 
they benefit from project outcomes. In this regard, 
economic development does seem suspect. Even in 
the United States where poverty is less pressing com- 
pared with the Third World, evidence suggests that 
the poor people today are worse off than they were 
ten years ago. Indeed, there are individuals who readily 
admit that the war on poverty and other aid programs 
to help the poor have been a failure in the United 
States. If poor people are made worse off by poverty 
programs in industrialized nations where the prob- 
lems are less severe, then one has to wonder how the 
aid industry can deal with these problems in the Third 
World where problems are more severe. 

This book illustrates that it is easier to write about 
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the problems of poverty than it is to solve them. 
Nevertheless, the book provides an assessment of 
foreign aid that is sure to challenge the actions and 
thought patterns of aid workers. It is an inexpensive 
book that can be purchased with a fraction of one’s 
hardship allowance. 


Eugene Jones 
Ohio State University 


Harl, Neil E. The Farm Debt Crisis of the 1980s. 
Ames: Iowa State University Press, 1990, xix 
+ 305 pp., $24.95. 
This book is part of the Henry A. Wallace Series on 
Agricultural History and Rural Studies, a series de- 
signed to explore the many aspects of agricultural and 
rural life within historical perspectives. The author 
was prompted to write the book “by a strong belief 
that the lessons learned in the farm debt crisis of the 
1980s should be identified and memorialized to as- 
sure ready access on the occasion of the next major 
economic downturn in agriculture” (p. 269). The book 
thus represents a history of one participant’s personal 
odyssey through the farm debt crisis period of the 
past decade. The book was conceived as history, not 
economics, and should, in fairness, be judged as such. 
Harl’s intended audience is future policy makers, who 
will learn his view of appropriate intervention in the 
event of future such crises. 

The author portrays himself as a visionary whose 
role was to arouse the nation to recognize what he 
feels was the irresponsibility of the Economic Re- 
covery Tax Act of 1981 and in his opinion the trag- 
edy it produced in the agricultural sector. He cham- 
pions public sector intervention to address this tragedy 
since, in his view, it was a result of bad public policy 
foisted on an innocent and powerless agricultural sec- 
tor. Thus, beyond a broad synopsis of the author’s 
opinion as to the causes of the crisis and the general 
innocence of farmers and (less so) their lenders for 
the calamity they faced, the major themes of the book 
are the need for massive public sector intervention 
and the recalcitrance of federal-level public officials 
in acknowledging and addressing this need. In par- 
ticular, the intervention Harl advocated was wide- 
spread farm debt restructuring and warehousing of 
farmland acquired because of bad loans in a federally 
chartered Agricultural Credit Corporation (ACC) un- 
til times improved and farmland values recovered. 

The volume is divided into ten chapters dealing with 
different aspects of the debt crisis. Chapter 1 de- 
scribes the public policies that Harl feels inexorably 
led to the crisis, while chapter 2 presents his evidence 
on the innocence of farmers and the slowness with 
which all concerned realized the magnitude of their 
plight. Chapter 3 describes the need for and chroni- 
cles Hari’s proposals for debt restructuring. Chapter 
4 relates the growing problems of the Farm Credit 
System (FCS) and the author’s attempts to convince 
some of the FCS leadership that their system was vul- 
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nerable to crippling loan quality problems. Chapters 
5 and 6 address proposals for further federal involve- 
ment, heel dragging in Washington, and “the ob- 
vious gap be-ween reality and what Washington 
seemed to bel:eve was reality” (p. 164). Chapter 7 
lauds state efforts to address the farm debt crisis. 
Chapter 8 discasses the impacts of the farm debt cri- 
sis on local businesses, and chapter 9 addresses at 
length the influence of the media during the farm debt 
crisis. In keeping with Harl’s purpose for writing this 
book alluded to earlier, the final chapter (10) sum- 
marizes his twelve lessons for posterity. However, 
the author makes no attempt to develop the relative 
importance of or logic behind these lessons, nor do 
all of them directly follow from preceding chapters. 

Of most inte-est to academic readers will be chap- 
ters 1, 2, end 10 as a source of testable hypotheses 
for future scho!arly research. Portions of chapters 3 
through 8 will hold interest for some readers con- 
cerned with ther particular focuses, although they will 
pay the price of wading through a chronologically 
disorganized and ponderous account. Harl relies 
heavily on refe-ences to or quotations from the pop- 
ular press and tade publications, many of which add 
only peripheral detail and tedium. 

In the initial chapters, Harl presents his view that 
the farm debt crisis arose as the result of three federal 
policies: (a) the policies pursued over at least five 
successive admanistrations with respect to inflation, 
(b) the abrupt action taken by the Federal Reserve 
Board beginnin2 in October 1979 to reduce the rate 
of inflation, and (c) the massive experiment implicit 
in the large tax cuts of 1981. He holds these policies 
directly respon-ible for a strong dollar, lower ex- 
ports, high interest rates, falling land values, and siz- 
able farm loan defaults. In contrast, the author re- 
peatly argues that farmers affected by debt problems 
during the decade were neither greedy, nor poor 
managers, nor =peculators. Despite the rapid build- 
up in farm debt in the 1970s, he is grudging in as- 
sessing farmers much responsibility. The most he ad- 
mits is that a substantial portion of the farmers in 
deep financial difficulty were striving to reach the 
minimum point dn the average cost curve “in perhaps 
less time than wculd have been prudent, at least viewed 
with 20/20 hindsight” (p. 70). Because the federal 
government is viewed as initiating the forces leading 
to the severe ferm sector debt trauma and farmers 
were generally innocent, Har] suggests that such as- 
sistance was eccnomically justified whenever the to- 
tal costs anc comsequences of intervention were less 
than the expected costs and consequences of failure 
to intervene. He never explicitly identifies these costs, 
quantifies them, or discusses on what basis they should 
be distributed among lenders, taxpayers, and borrow- 
ers. 

The book fails to address the debt situation in U.S. 
agriculture as it developed in the 1970s and to ana- 
lyze the sector’s economic health as it went into the 
1980s. During the 1970—80 period, at the same time 
the GNP deflatcr increased 104.0%, U.S. per acre 
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farmland values grew 277.9% (369.4% in Iowa). To- 
tal farm debt expanded 228.8% (291.4% through 1983) 
despite considerable excess capacity and reliance on 
federal subsidies. Even Farmers Home Administra- 
tion lending grew 504.6% during the 1970s. This 
lender of last resort loaned $11.9 billion ($19.2 bil- 
lion for 1970-82) alone under various types of emer- 
gency loan programs during a decade that was deemed 
a prosperous one for agriculture. 

Harl recognizes that the problem during the 1980s 
was too much farm debt concentrated among a subset 
of farmers. He then recommends some expensive so- 
lutions. He estimated that his debt restructuring pro- 
posal would cost the federal government $20 to $30 
billion if adopted, and the tab for the ACC would 
have been up to $10 billion (pp. 74, 152). The re- 
viewers feel one problem with the ACC concept is 
that stabilization programs need to be in place ex ante; 
they do not work ex post. Nor do they work if the 
asset prices have moved to a lower equilibrium based 
on economic fundamentals rather than overshooting. 
By the time Harl proposed the ACC in late November 
1984—early 1985, U.S. farmland values already had 
declined about half of the amount they ultimately fell 
(in lowa about 45% of the ultimate 60.7% slide had 
already happened). 

A major shortcoming of the book is its question- 
able perspective and lack of objective analysis. In this 
vein chapter 7, “States to the Rescue,” deals with 
state involvement in the farm debt crisis. This is mis- 
leading, juxtaposed after two contentious chapters in- 
dicating federal inaction. State credit program sub- 
sidies, while significant, are small compared to those 
associated with federal farm programs. For example, 
in 1987 and 1988, state credit subsidies were roughly 
2% of federal credit program subsidies to farmers. 
There is a neglect of the linkages among the major 
federal agricultural programs throughout the book and 
the fact that the federal support to agriculture during 
the 1980s was massive. Net CCC outlays to farmers, 
for instance, during the 1980—90 period totaled $140.3 
billion. Direct government payments alone to Iowa 
farmers during 1980—89 totaled $8.47 billion, or about 
$3,000 for every Iowan, or $81,500 for every Iowa 
farm existing at the end of the decade. Federal policy 
makers felt, given the massive level of support, that 
new large specialized credit programs, such as the 
ACC plan, were too expensive and created perverse 
incentives for farm decision makers. Federal assis- 
tance tended to take the form of income rather than 
credit programs, hence helping all farmers and avoid- 
ing the equity issues of who should and should not 
receive help. 

This book s a parochial and often strident memoir 
by a major player in the farm debt policy debates of 
the 1980s. While it may be of interest to some read- 
ers for that reason, serious scholars of the crisis will 
not find this to be an analytical or balanced view of 
the 1980s farm debt crisis. There remains a need for 
a workmanlike, scholarly analysis of the period in- 
cluding the economic status of the sector prior to the 
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1980s, the causal factors of the crisis, the effective- 
ness of and interrelationships among credit and other 
policies, and the status of the farm sector by the end 
of the decade. 


Jerome M. Stam and 

Robert N. Collender 

Economic Research Service 
U.S. Department of Agriculture 


Morse, George W., ed. The Retention and Expan- 
sion of Existing Businesses: Theory and Prac- 
tice in Business Visitation Programs. Ames: 
Iowa State University Press, 1990, xvii + 195 
pp., $21.95. 

Morse and six collaborators wrote this short book 

which describes the theoretical foundations, educa- 

tional programs, and praciical applications of the 
business retention and expansion visitation program 

(R&E), a local economic development technique which 

was first tried in the 1960s. The book is designed to 

serve as a basic reference for state development of- 
ficials, local practitioners of local economic devel- 
opment, cooperative extension, and community eco- 
nomics academicians wishing to start state-level 
educational and technical assistance programs. Ac- 
cording to the authors, their goal “is to stimulate lo- 
cal economic development by helping existing busi- 
nesses increase their sales and employment through 

a combination of programs that not only increase these 

firms’ competitiveness but also improve the com- 

munity’s quality of life.” 

R&E programs have gained considerable popular- 
ity in the 1980s. Unlike the informal, unstructured 
predecessor programs used by communities in the 
1960s and 1970s, current R&E programs are more 
sophisticated and structured. They blend applied re- 
search with public relations and focus on “immediate 
action for resolving individual firm problems and long- 
term improving the communities’ overall business 
climate and the competitiveness of local firms.” This 
book provides the first in-depth analysis of these new, 
highly structured R&E visitation programs. Most of 
them operate out of land grant universities, but a few 
are operated by state governments and utilities. 

The authors outline a multiple goal approach for 
R&E programs based upon their experience and re- 
search primarily in the state of Ohio, where these 
programs have been used most extensively. Part I, 
The Theoretical Foundations of R&E Visitation Pro- 
grams, presents a conceptual model for the R&E vis- 
itation program and describes the impact of existing 
firms on regional growth. In chapter 1, Morse de- 
fines R&E visitation programs and provides a con- 
ceptual model. He argues that R&E visitation is more 
than a public relations program, more than an attempt 
to help firms move out of the past, and more than 
improved firm efficiency. In chapter 2, Miller pro- 
vides empirical evidence contrasting the impact of 
existing firms on a community’s economy with the 


546 May 1991 

impact of new firms. His findings support earlier re- 
search that existing firms have greater impact on lo- 
cal economic development than new firms. Part I, 
Educational Programs, outlines the methods and ob- 
jectives of the educational/technical assistance pro- 
grams provided to communities starting new R&E 
visitation programs. In chapter 3, Otto, Morse, and 
Hagey review the status of current R&E programs 
and conclude that most states now recognize the im- 
portance of working with existing businesses to stim- 
ulate economic development, but few have devel- 
oped training programs to facilitate the process. In 
chapter 4, Morse and Hagey present a detailed out- 
line of the fifteen steps involved in conducting a local 
R&E visitation program based on their experience in 
Ohio. 

In chapter 5, Morse points out the importance of 
supplementing primary data gathered from the visi- 
tation program with secondary data. He notes that 
R&E visitation data are much more meaningful “when 
studied in the context of national and regional eco- 
nomic and demographic changes, common industrial 
location factors, and the availability of state and fed- 
eral assistance for economic development.” Chapter 
6, written by Rohrer and Morse, addresses the ques- 
tion, “How can needed information be provided ef- 
ficiently and effectively to local volunteer teams?” In 
their opinion, this is best accomplished by presenting 
the Economic Development Teleconference Series to 
communities. The importance of the final report and 
some potential applications of the information gained 
are explained in chapter 7. 

Part III of the book, Successful Local R&E Vis- 
itation Programs, outlines the structure of successful 
local programs in five states. Chapter 8 describes the 
major types of benefits in R&E programs, and chap- 
ters 9 and 10 list impacts of the R&E program in two 
rural counties in Ohio. Chapter 11 reports Mc- 
Laughlin’s research on an Ohio R&E program during 
its actual implementation. In chapter 12, Bentley draws 
on the extensive research done on plant closings and 
preventing layoffs by Hansen and Bentley to answer 
the question, “What do you do if the R&E program 
fails to prevent a plant closure or downsizing in the 
community?” Several assistance strategies are de- 
scribed, and the importance of having the assistance 
of a neutral, third-party facilitator or catalyst is 
stressed. Several appendices are provided that con- 
tain copies of the forms used in the Ohio R&E pro- 


The Retention and Expansion of Existing Busi- 
nesses is a concise, well-written book which de- 
scribes the process and usefulness of R&E visitation 
programs. Practitioners of the development craft will 
benefit from reading this book and applying some of 
the ideas it contains. This development approach em- 
phasizes the importance of helping existing firms in- 
stead of spending time and resources trying to “steal” 
firms from other communities and states. Equally im- 
portant, its focus on the R&E programs represents a 
new, forward-looking activity for land grant univer- 
sity extension services rather than continuing to de- 
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vote scarce resources to traditional but anachronistic 
activities. Unfortunately, many land grant universi- 
ties are investing only token resources in these newer, 
more important programs. 

Perhaps the biggest weaknesses of the R&E ap- 
proach are its complex process and the substantial 
external training and technical assistance needed to 
make it successful. One suspects that few R&E pro- 
grams outside Ohio measure up to the high standards 
set out in the book. Heavy dependence on volunteers 
and a lack or training and close supervision often lead 
to superficial studies and little follow-up. 

The usefulness and application of this book can be 
strengthened by exploring the relationships and link- 
ages which can and should be developed by univer- 
sity extensicn or other R&E staff with other players 
in the economic development arena to ensure con- 
crete R&E results beyond a final banquet or com- 
munity meeting. In some states it appears that R&E 
efforts are being carried out in isolation and are not 
fully integrated with other development agencies and 
groups in the community or even with other units on 
a university campus. Equally serious, R&E programs 
may be treated as a fad or a one-shot affair, soon to 
be discarded as development or extension adminis- 
trators seek a newer, more glamorous panacea. 

By describing the R&E visitation program, this book 
provides development professionals and community 
leaders with useful information and insights about 
another tool to use in the never-ending battle of trying 
to maintain economically healthy communities. 


Gary B. Hansen 
Utah State University 


Moyer, H. Wayne and Timothy E. Josling. Ag- 
riculturel Policy Reform: Policy and Process in 
the EC and the USA. Ames: Iowa State Uni- 
versity Press, 1990, xx + 235 pp., $27.95. 

Moyer and Josling have produced an important text 
for those interested in policy formation. Their anal- 
ysis of the problems of decision making in the EC 
and the United States is insightful and thought pro- 
voking. Their book is not so much about “Agricul- 
ture Policy Reform” as it is about the “politics and 
process” that prevent reform or perhaps retard the 
evolutionary process of policy reform. 

In their introduction, they define reform as “a sig- 
nificant shift in policy direction, usually involving 
changes in instruments, arising from general dissat- 
isfaction with the current operation of the policy” (p. 
xviii). They admit to the subjectivity of this defini- 
tion and qualify it by reiterating that reform implies 
a significant shift in policy. 

In part 1, Moyer and Josling review a variety of 
public choice and operational policy models as a pre- 
liminary exercise to the development and presenta- 
tion of their “Process Schematic Approach” (p. 13) 
which they base on earlier work by Petit. The models 
reviewed provide some insight into the decision pro- 
cess, but each is inadequate as a model of agricultural 
policy reform because of the underlying assumptions 
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of the model. Rational choice models rely on a cal- 
culating central national actor. Public choice analysis 
assumes the maximization of egotistic utility subject 
to constraints. In the organizational process para- 
digm, the best predictor of what an organization will 
do today is what it did yesterday. The partisan mutual 
adjustment model assumes that policy is created 
through bargaining and consensus building. 

Graduate students doing required reading should 
read part 1 carefully, otherwise you may safely skip 
to either part 2 “Agricultural Reform in the European 
Community,” or part 3, “Agricultural Reform in the 
United States,” to begin reading. If you desire, these 
sections may be read in reverse order because they 
are independent analyses of the policy processes in 
the EC and the United States. An occasional referral 
to the schematic in table 1.1 or a quick skim of part 
1 is all that is required to follow either analysis. 

Moyer and Josling hypothesize that: (a) initiative 
for reform must come from high-level central deci- 
sion makers, (b) legislative actors would almost never 
initiate reform, (c) bureaucratic actors are not likely 
to be in the vanguard of reform, (d) a budget crisis 
provides the most potent stimulus to change, (e) the 
normal agricultural policy process will probably not 
make the necessary reforms, and (f) the process will 
change by broadening the range of participants or by 
shifting the decision locus. These hypotheses are not 
so much tested in the analysis as they are supported 
by anecdotal evidence in the chronology of policy 
development for the 1980s. In the end, it is difficult 
to determine the distinction between hypotheses, pre- 
conceptions, and conclusions. 

Their schematic makes explicit a procedural out- 
line, but it does not really help one identify the ab- 
solute or relative importance of the actors and pro- 
cedures in the policy process. How one weighs the 
input from various actors remains unclear, and the 
:mportance of individual personalities is not really 
discussed in the Moyer-Josling analysis. Pitting a high- 
level somewhat naive reform-oriented ideologue 
against an entrenched group of rent seekers will not 
likely produce a compromise that will result in change. 
Yet, rent seekers will accommodate to change if the 
outcome remains ambiguous enough to convince a 
majority that they have nothing to lose and possibly 
something to gain. Or change might occur if rent 
seekers perceive that they will be worse off if they 
do nothing. 

One is tempted to argue with some of the details 
of the Moyer-Josling analysis, especially when they 
say that farm bills are first formulated in the execu- 
tive branch and are delicately balanced. However, they 
refute their own statement by pointing out that both 
farm bills presented by the Reagan administration were 
dead on arrival when they reached the Hill. In the 
final analysis neither the 1981 or 1985 acts bore any 
relationship to the administration proposals. They do 
not comment on the 1990 act because the book was 
published prior to its enactment. Perhaps the most 
significant lapse in the book is the authors’ failure to 
recognize the significance of the policy change in the 
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1985 act which bases nonrecourse loan rates on a per- 
centage of past prices. Income support is thus shitted 
from price enhancement to direct payments. And this 
shifts the burden from consumers to taxpayer and al- 
lows a relatively easy assessment of where the trans- 
fers go. 

Moyer and Josling rely heavily on work by Petit 
and Bonnen to support their analysis, and one would 
be well advised to read these references for insight 
into the Moyer-Josling hypotheses. However, one need 
not accept either the Bonnen or Petit arguments to 
appreciate the outstanding chronological summary and 
analysis of the policy decision process in the Euro- 
pean Community and in the United States in the de- 
cade of the 1980s. 

The book leaves one somewhat unclear about how 
a general dissatisfaction with the operation of policy 
is discovered. And, it is ambiguous about criteria for 
measuring reform. What is it that is perceived as a 
policy failure that needs reform? Must reform con- 
stitute a move away from government action or is it 
a somewhat more efficient application of a program? 

They conclude that “without a crisis it appears that 
comprehensive change is tmpossible” (p. 219). They 
suggest that reform occurs only in response to crisis 
which may be an excessive accumulation of stocks, 
larger and highly visible transfers to producers, ex- 
ternal shocks including changes in exchange rates, 
shifts in export demand or, most important, a budget 
crisis. Although somewhat pessimistic in their con- 
clusions, Moyer and Josling may, in light of the re- 
cent GATT round, be close to the mark regarding the 
opportunities and options for changing agricultural 
policies in the United States and the European Com- 
munity. 


Robert D. Reinsel 
Economic Research Service, 
U.S. Department of Agriculture 
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relate to agriculture. Pasour defines these programs 
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broadly to encompass not only commodity and food 
programs but also international trade, crop insurance, 
credit, conservation, taxation, research, and exten- 
sion. Each chapter outlines the program and usually 
includes a simple economic graph understandable to 
intermediate economics students. The book could be 
successfully adopted for use in an undergraduate pol- 
icy class or to supplement a graduate policy class. 
While the book reads like a text, including summar- 
ies at the end of each chapter, general readers can 
manage the. book. Those readers who lack the skill 
to read the graphics can easily skim these sections 
without much loss in content; they will find the ex- 
plorations of policies uniformly understandable 
throughout the book. 

Pasour presents the entire book within a consistent 
set of arguments: agriculture programs have failed to 
achieve their purposes, government failure is at least 
as prevalent as market failure, and, almost without 
exclusion. private action is preferable to public ac- 
tion. As Pasour states in his preface in the book: 


There are two quite different explanations of U.S. 
farm programs: the “public interest” and income re- 
distribution. The “public interest” approach, which 
holds that U.S. farm programs benefit the public at 
large, represents the conventional wisdom in agri- 
cultural policy texts. In this book, in contrast, it is 
assumed that current programs are better explained 
by income redistribution. That is, it is assumed here 
that the persistence of and increased expenditures on 
farm programs can be traced to the success of ag- 
ricultural interests in using governmental power to 
transfer income from taxpayers and consumers to 
farmers, owners of land and other farm assets, gov- 
ernment employees, and agribusiness firms that ben- 
efit from current farm policies. —(pages xix and xx) 


Pasour sustains this argument even with the more 
difficult cases of food distribution, conservation, public 
research, and extension. With respect to food pro- 
grams, Pasour emphasizes implementation difficul- 
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ties: “There are formidable information and incentive 
problems inherent in food-stamp, school-lunch and 
other programs having means tests” (p. 157). With 
respect to conservation, he emphasizes the appropri- 
ateness of private solutions: “When transactions costs, 
incentive costs, and information costs are taken into 
account, there is little if any basis for thinking that 
an increased ro.e of government in protecting land 
and soil resources is warranted” (p. 212). With re- 
spect to public azriculture research, he advocates pri- 
vate funding whale criticizing as faulty those studies 
which conclude that public funding yields high rates 
of return: “When these ‘government failure’ prob- 
lens are taken irto account, it will be found that gov- 
ernments usually can best encourage research in- 
vestment by defining and enforcing property rights 
so that privately funded research can be profitably 
undertaken” (p. 225). With respect to extension, Pa- 
sour argues that educational activities tend to be mainly 
private goods: “The public-goods rationale is less and 
less valid as one moves from basic science to the de- 
velopment and extension of new technology” (p. 219). 

The basis for all of these conclusions lies in Pa- 
sour’s demand that to merely find the market out- 
come wanting m terms of some objective is not 
enough; one must show that the government pro- 
gram—as it actually operates in real-world condi- 
ticns—is better. His arguments are skillful and par- 
ticularly challenging to strong believers in the wisdom 
of public action. These believers could sharpen their 
own analysis by a careful reading of (and sparring 
with) the arguments of Pasour. However, Pasour does 
not address oppcsing arguments in depth; the novice 
reader will not be exposed to alternative views of the 
role of government nor to more sympathetic assess- 
ments of existing government programs. Agriculture 
and The State is an unapologetic and well-written ar- 
gument to limit tne role of government in all aspects 
of agriculture. 


Sandra S. Batie 
Virginia Polytechnic Institute and State University 
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Articles 


Marketed Surplus Under Risk: 
Do Peasants Agree with Sandmo? 


Israel Finkelshtain and James A. Chalfant 


Using a newly defined notion of aversion to income risk, the behavior of the marketed- 
surplus producer under price risk is characterized. Unlike the familiar case first 
examined by Sandmo, output depends on both ordinal preferences for goods and on risk 
attitudes. Conditions are found that yield an output level under risk that is smaller than 
under certainty. If these conditions do not hold, both risk and risk aversion may have a 
positive effect on. output. Implications for econometric studies of risk attitudes are 
considered and illustrated with an example. Finally, we examine the effect of 


uncertainty on the peasant’s long-run equilibrium. 


Key words: marketed surplus, peasant households, production under multivariate risk. 


Agricultural economists have devoted consid- 
erable effort to studying production decisions by 


farmers in developing countries. Essential to this’ 


effort is a thorough understanding of the role of 
risk in peasants’ production decisions. Impor- 
tant insights into this role of risk are provided 
by the literature on firms’ behavior under risk. 
Perhaps the most influential paper in this area 
is by Sandmo, who established that a risk-averse 
firm facing output-price risk produces less out- 
put than a risk-neutral firm. Sandmo and the nu- 
_ merous studies that followed made use of the 
' expected utility hypothesis, combined with an 
assumption that utility depends on only one ran- 
dom. variable——-the level of final wealth. Other 
risks affecting utility must be presumed absent 
or to have no effect on the behavior under study. 

An important characteristic of the agricultural 
peasant household is the consumption of. a por- 
tion of its own farm product (e.g., Haessel; 
Renkow; Toquero, Duff, Anden-Lacsina, -and 
- Hayami). Unlike the familiar case studied by 
Sandmo, when subject to output price risk, such 
a “marketed-surplus” household faces multi- 
variate risk because the price of one of its, con- 
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sumption goods is also random.’ Thus, the prof- 
its risk affecting wealth cannot be modeled in 
isolation from other risks. As a consequence, a 
risk-averse household may no longer choose to 
produce below the profit-maximizing level of 
output when the price is random. 

The literature (e.g., Roe and Graham- 
Tomasi) has emphasized that maximization of 
utility defined on wealth alone is not adequate 
to describe choices under risk in agricultural: 
households. Anderson, Dillon, and Hardaker (p. 
76) asserted that “money is not everything; and 
the consequences of many decision problems are 

. . not well represented in terms of only a sin- 
gle attribute such as monetary gain or loss.” Wolf 
(p. 2) observed that “peasants run a household, 
not a business concern.” Similarly, Ellis (p. 102) 
proposed that “the interaction of consumption 
and production within the household causes a 
unique form of decision making. which sets 
peasants apart from any other kind of produc- 
tion unit. . . .” Restrictions can be found: that 
imply separability between production and con- 
sumption decisions. However, Fabella, Pope, 


‘and Finkelshtain offer examples showing that 


strong restrictions must be imposed on prefer- 
ences in two-period models or in cases of mul- 
tiattribute objective functions. Therefore, one 
must take explicit account of the process by which 


' Another example of multivariate risk was examined by Herath, 
Hardaker, and Anderson, in the context of rice production in Sri ~ 
Lanka in the presence of yield risk. They considered the varietal 
choice problem when utility depends on both income and subsist- 
ence rice consumption. 
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profits produce utility, through household con- 
sumption decisions, in modeling peasants’ pro- 
ductions decisions.’ 

These aspects of household behavior are ex- 
amined below by combining Sandmo’s model 
with the marketed-surplus literature and by uti- 


lizing an alternative to the univariate notion of 


aversion to risk. Following that, the implica- 
tions for empirical studies of risk attitudes are 
explored and the long-run entry /exit decision of 
the household is described. Finally, we examine 
the potential for expanding the results to include 
additional sources of risk. 


Peasant Behavior Under Price Risk 


Virtually all studies of behavior under risk as- 
sume that the producer maximizes the expected 
value of a utility function defined only over in- 
come or final wealth. Aversion to risk in this 
single argument is measured by the curvature of 
the utility function, the Arrow-Pratt measure of 
risk-aversion. To model households facing risks 
in other arguments of the utility function re- 
quires a more general objective function and an 
alternative definition of aversion to risk. These 
tasks are taken up in this section. 


The Household’s Objective Function 


We assume that the household is engaged in the 
production of a food crop (x). Consumption de- 
cisions concern leisure (/), a portion of the farm 
output (m), and an aggregate market good (z), 
representing the consumption of all other goods. 
Output and leisure are chosen prior to the re- 
alization of prices, while consumption goods are 
chosen in the harvest period when prices are 
-known. The prices of m and z are denoted by p 
and gq and the wage rate is w. 

We assume that the household makes con- 
sumption and production choices to maximize 
the expected value of a utility function U de- 
fined over z, m, and I: 


max E[U(z, m, D], 


m1,Z,X,4 


- ? The fact that such households have limited access to insurance 
or capital mzerkets makes it especially important to examine the ef- 
fects of the entire set of risks they face. Of course, the same com- 
ments apply to any agricultural household, but the problem seems 
most acute for low-income, marketed-surplus producers. Higher in- 
come farmers are less likely to be consuming part of their output, 
and the other risks they face are less likely to be correlated with 
the price of their output. 
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subject to 
pm + qz + wil = y(x), 


where y denotes full income. Because the op- 
timal consumption plans may be revised ex post, 
the ex ante decision involves only / and x. Sub- 
stituting the ex post optimal plans for m and z 
into U leads to the variable indirect utility func- 
tion V(y, l. p, 4). Epstein established its duality 
tc U. Hence, the above problem is equivalent 
te 


max E[V(y, L p. qa). 


x20,J=0 


In the univariate case where only y is random, 
V can be reduced to the familiar objective func- 
tion defined on income or final wealth alone. 
However, if goods’ prices are unknown at the 
time output is chosen, even under flexibility of 
consumption choices, their joint distribution is 
likely to affect output. 

Epstein showed that the variable indirect util- 
ity function is increasing in y and homogenous 
of degree zero in y, p, and q. Accordingly, the 
market good will represent a numéraire, so q is 
normalized to be 1 and other monetary variables 
are measured relative to g. The real wage rate 
and the prices of other inputs are assumed to be 
known when the production and labor supply 
decisions are made. Thus, we concentrate on risks 
in the relative price of the food crop and in real 
income, both of which depend on the random 
variable p. 

Using the notion of full income, total income 
is the sum of initial wealth, labor income (T — 
l)w, and farm profits given by 


w= px — elx). 


Here, T is total time endowment of the house- 
hold and c is the cost function. Any fixed costs 
are assumed to be contained in c. Output is as- 
sumed nonstochastic.* By the additional as- 
sumption that the input prices are known, c(x) 
is deterministic. 


An Alternative Risk Premium 


Pratt’s risk premium measures the maximum 
amount that an individual would pay to avoid 


3 This assumption is not essential but simplifies the analysis and 
allows comparison with Sandmo’s model. The main results hoid 
under more general forms of stochastic profits, provided, of course, 
tha: p remains random. 
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income risk when nothing else is random. In 
terms of the current model, it is defined as S$; 
in 


EV(, y, P) = Vd, y = Sps P), 


where the p subscript indicates that the price of 
m is fixed at its mean. If the price of the portion 
of output consumed at home remained random, 
with only income stabilized, Pratt’s risk pre- 
mium would not necessarily measure the will- 
ingness to pay for income insurance. The risk 
premium appropriate for such a situation must 
be defined as the maximum amount that the in- 
dividual would pay to avoid income risk when 
p remains random: 


EV, y, p) = EVG, ý — S, p). 


The interpretation of the modified risk premium 
S is analogous to that of the regular Pratt risk 
premium in the traditional univariate model, 
which appears as a special case, when the con- 
sumption price p is fixed at its mean. 

This can be illustrated for small risks by a 
Taylor approximation of the equation that de- 
fines §, a derivation of which is given in an ap- 
pendix, available upon request. Assume that the 
producer faces uncertainty about income and the 
price of one consumption good. For small risks, 
the risk premium is given by 


1 vV ys 
S= —--g, -o — 
2 ?” y. g 


y 


where subscripts on V denote partial derivatives, 
Oy, is the variance of total income, o,, is the 
covariance between total income and p, and the 
partial derivatives are evaluated at (/, y, p). The 
first term in the above expression is Pratt’s risk 
premium, the maximum amount that the pro- 
ducer is willing to pay to stabilize income when 
prices are fixed. The second term captures the 
. value (or cost) associated with the stochastic in- 
teraction between the consumption price and his 
income. If this covariation did not affect utility 
(because V,, = 0, implying that V is additively 
separable) or did not exist (due to independence 


* At first glance, such a risk premium seems to attach a value to 
an impossible stabilization scheme. The price of the output x could 
be stabilized independently of the consumption price, however. For 
instance, the government could operate a consumer subsidy scheme 
where the price to consumers was uncertain and there was a pre- 
announced price at which all output would be purchased from pro- 
ducers. A similar outcome could occur if the producer forward con- 
tracts all of his output at an unbiased futures price and then decides 
consumption based on the realization of p. In any event, the con- 
cept of the risk premium does not require that such a partial in- 
surance scheme actually be offered. 
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of y and p, or fixed p), the risk premium would 
reduce to the univariate measure.” Otherwise, S 
differs from the Pratt risk premium in magni- 
tude and possibly in sign. 

In the case of.a marketed-surplus good, this 
expression can be simplified somewhat. If the 
price of output is the only random variable af- 
fecting profits and consumption, the above 
expression reduces to 


because the variance of income, O, is simply 
the variance of revenues from production, x70>,, 
where o, denotes the variance of the output price, 
and the covariance of income and price, simi- 
larly, is x op. Since the sign S is determined 
solely by the sign of the term in brackets, this 
expression suggests that it might be possible to 
find conditions on utility functions whose own- 
ers have a risk premium of a particular sign, re- 
gardiess of the probability distribution of p. These 
new conditions are needed since V,, <_0, the 
univariate condition, no longer is sufficient for 
S > 0. This is accomplished in proposition 1, 
which illustrates the relationships between the 
sign of S and various parameters of the peas- 
ant’s preferences, including the marketed sur- 
plus (the difference between x and m). 


PROPOSITION 1. Let 4 be the income elasticity 
of the household’s demand for home-consump- 
tion (m) of the farm crop. A necessary condition 
for a positive risk premium S is: 


1 
ead E acres 
i A 


where p is the ratio of home-consumption to to- 
tal production (m/x) and r is the Arrow-Pratt 
measure of relative risk aversion. (A proof of 
the proposition is available from the authors upon 
request.) 

The expression derived for S using a Taylor- 
series approximation suggests that, for small 
risks, this condition is both necessary and suf- 
ficient.° Also, if the household consumes less 
(more) than half of its output, a necessary con- 
dition for a positive (negative) risk premium is 
that the farm-produced good is a normal (infe- 


$ Independence is sufficient for that to occur only for small risks. 
For large risks, independence would not insure equality but would 
guarantee that S$ and the univariate risk premium would have the 
same sign. 

6 A sufficient condition that holds for large risks as well as small 
risks is 7 > r > 0. 
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rior) one (y > (<) 0). If the household con- 
sumes exactly half of its output, a necessary 
condition for a positive risk premium is that the 
farm-produced good is a normal one (7 > 0). 
Assuming that r > Q, as the proportion of output 
consumed at home increases, the lower bound 
on 7 necessary for S > 0 increases as well. 

We turn now to the main results of the paper, 
concerning the level of output for the “marketed 
surplus” producer. To establish these results, the 
objective function and risk premium defined 
above are used. 


Optimal Output in the Short-Run 


The first-order conditions for the household’s 
maximization problem are 


(i) E[V, — V,w] = 0, and 
(ii) E{V [p — c'(x)]} = 0. 


Condition (7) requires that the optimal allocation 
of time equates the expected marginal utility from 
leisure and the expected marginal utility from 
the wage payment saved by substituting an ad- 
ditional unit of the owner’s labor for hired la- 
bor. Condition (ii) states that the expected mar- 
ginal utility from an additional unit of production 
vanishes. This condition will be used below to 
derive qualitative results regarding the level of 
production. The sufficient conditions for a local 
maximum are assumed to hold and are given by: 


ay, = ELV, (w)? — 2+ Vaw + Val <0 
an = E{V,[p — OD — c"(x)V,} < 0 
ıı * Ax — (a > 0, 
where 
an = E{V,[p — c’(x)]w — Valp — c'(x%)}. 


The second necessary condition can be re- 
written as 


E[V,p] = E[V,c’(y)], or 
EIV,(p — p)] = E{V icx) — pl}. 


The left-hand side is the covariance between the 
marginal utility of income and the output price. 
In Sandmo’s model, when the producer is risk 
averse (V,, < 0), this covariance is clearly neg- 
ative. This is because V, is decreasing in income 
and hence in p. This implies that the expected 
price of output exceeds marginal cost (p > c’(x)). 
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This observation leads to the conclusion that, in 
the classic case, output for risk-averse producers 
is strictly less than the expected profit-maxi- 
mizing level. 

However, in the case of a peasant producer, 
p affects V, not only through the income argu- 
ment (as captured by V,,) but also through the 
cross derivative V,,. As a result, V, < 0 is not 
sufficient to ensure Sandmo’s result without more 
information about the peasant’s tastes, produc- 
tion technology, and the probability distribution 
cf prices. Hence, the level of production may 
exceed the optimal level under certainty. Below 


we derive plausible conditions under which 


Sandmo’s result is preserved and discuss the 
consequences of the failure of these conditions 
for eliciting risk aversion or characterizing be- 
havior. Proposition 2 establishes the conditions 
under which the level of output is adversely af- 
fected by risk. 


PROPOSITION 2. Let the optimal quantities 
produced under certainty and uncertainty be x° 
and x", respectively. The relationship between 
x and x" is given by 


x" 
x“ Š x for all risks <=> nz (1 -*) 
m 


Proof. The proof is based on the equivalence 
of statements (i)—-(iv), which holds when con- 
ditions ({)—(iii) are required to hold for all price 
risks: 


(i) Sx 

(ii) P S c'(x) 

(iti) Cov(V,, p) 20 

(iv) = 0. 

Using Roy’s identity, condition (iv) becomes 


dV’ pics 
Z s0<-> 027] E 
dp 








x" 
<=>) 2 fi — a 
m 


where s,, denotes the share of the marketed-sur- 
plus good in total consumption expenditures and 
B denotes the share of the risky income in total 
wealth. C] 
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The intuition behind the awkward looking 
expression is clearest using the following rela- 
tionship involving the consumption parameters, 
derived by rearranging the first condition on 7. 


x" Sx <=> rBZ2s,(r—- nN) = s,7(1 — pw), or 
x! S x <=> B È Sal- p), 


where u = n/r. Besley made use of a “profit” 
function ® for the consumer, to represent the 
expenditure required at any price vector to 
maintain a particular marginal utility of income. 
Among other things, this function satisfies 


which gives the percentage change in expendi- 
tures required to maintain marginal utility fol- 
lowing a 1% change in p. 

The left-hand side of the above inequality, B, 
has a similar interpretation; it is the percentage 
increase in wealth from a 1% increase in the price 
of output: 


d 
cl re ae 
dp y y 


Thus, uncertainty about p has no effect on the 
“marketed surplus” firm (i.e., x” = x°) when the 
change in wealth resulting from a price change 
equals the change in consumption expenditures 
needed to maintain a constant marginal utility 
of income: 


B = Sal — p). 


Effectively, the producer is made risk neutral 
with respect to price risk because marginal util- 
ity of income is constant with respect to changes 
in p. When the wealth effect dominates, Sand- 
mo’s qualitative result is preserved. His result 
is reversed when the consumption effect domi- 
nates. 

Proposition 2 also suggests that a crucial fac- 
tor in the relationship between output levels un- 
der certainty and uncertainty is the degree of self- 
sufficiency of the farm—in other words, whether 
or not there is a marketed surplus. Empirical 
evidence regarding this parameter of peasants’ 
behavior is provided by Ahmed and Bernard 
(table 1, p. 17). They reported that 40% of the 
farms in Bangladesh are deficit farms—net buy- 
ers of rice.’ Only 30% of the rice farms in this 


7 The required purchasing power comes, presumably, from other 
outputs or from off-farm sources of income. 
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country always have a positive marketed sur- 
plus. | 

Returning to the proposition, a sufficient con- 
dition for Sandmo’s qualitative result to hold for 
the latter type of farms is that the good produced 
be a normal good (7 > 0); the lower bound on 
7 given in the proposition will be negative, en- 
suring a Sandmo-like response for risk. On the 
other hand, for the other 40% of the farms that 
are net buyers of rice, a positive income elas- 
ticity becomes a necessary condition for Sand- 
mo’s result to hold while a negative one is suf- 
ficient for a reversal of that result. 

If the producer does not consume any of his 
farm product (s,, = 0), the level of output is 
separable from preferences for goods and, just 
as in Sandmo’s model, risk aversion is suffi- 
cient for uncertainty about the price of output to 
affect production adversely. Alternatively, this 
last result is obtained if the variable indirect util- 
ity function is additively separable in income and 
the price p for consumption of m. However, this 
condition implies rather restrictive preferences 
because it requires that 7 = r > 0. 

Examination of propositions 1 and 2 illus- 
trates an important difference between the cases 
of univariate and multivariate risk. The condi- 
tion for a positive risk premium, in the Sandmo 
framework, is identical to the one for a level of 
output that is less than under certainty. How- 
ever, in the current framework, the condition that 
ensures a smaller level of output under uncer- 
tainty differs from the condition for a positive 
risk premium. Thus, a producer may prefer a 
stable income and, at the same time, produce 
more than under certainty. 

Figure 1 illustrates the above results. In each 
of the four graphs, the relationship between the 
optimal level of output (x) and the coefficient 
of variation of price (W) is given for three levels 
of aversion to risk, as measured by the Arrow- 
Pratt measure of relative risk-aversion (r = 0, 
1/2, 1). The cost function is 1/2x* and the mean 
price is assumed, for simplicity, to be 1. The 
four graphs combined show the effects of n, the 
income elasticity of demand for the marketed- 
surplus good, and p, the ratio of home con- 
sumption m to total output x. 

In figure la, the optimal level of output is 
shown to decrease with respect to risk for three 
levels of r. The Sandmo results hold, in the sense 
that increases in r or in the uncertainty about the 
output price (as measured by y) reduce the op- 
timal output. However, note that output is af- 
fected by increasing risk even when the pro- 
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Figure 1. Effects of risk and risk aversion on output levels 


lucer is risk neutral. Such a producer is the risk-neutral producer will produce less than 
ndifferent to the income risk associated with p under certainty if 7 > 0, more if 7 < 0, and 
yut not the consumption effect. Returning to the will be unaffected only if ņ = 0. 


sondition In figure 1b, everything is the same except 
1 the producer is a net buyer of the product; here 

>r f = A pis 1.5. The risk-neutral and slightly risk-averse 

p producer’s behavior is qualitatively the same as 
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before, while the more risk-averse producer in- 
creases output with an increase in risk. Also, 
note that increases in r are associated with in- 
creased output for a given level of risk. 

Figure 1c shows that a risk-neutral producer 
may also increase output as risk increases. In 
this case, the producers are net sellers, but the 
good is an inferior good. The Sandmo result 
concerning increases in r thus holds, but the 
negative value for 7 causes the increase in out- 
put, as risk increases, to be lessened for. risk- 
averse producers. The risk-neutral or only slightly 
risk-averse producer actually produces more as 
risk increases; how risk averse one could be and 
still exhibit this behavior would vary with the 
levels of 7, Sm, and p. 

Finally, the combined effects of a negative 
value for 7 and being a net buyer are shown in 
figure 1d. Here, both aspects of the usual re- 
sponses to risk are reversed. Increases in risk 
cause all producers to increase output, and the 
level of output is increasing in r for any level 
of risk. 


Implications for Econometric Studies 


Econometric studies of peasants’ risk attitudes 
(e.g., Antle) are usually based on the observed 
gap between expected revenue and marginal cost. 
In the traditional model, this gap equals the de- 
rivative of the Pratt risk premium with respect 
to output (e.g., Antle, Flacco and Larson). This 
last quantity, termed the marginal risk premium, 
is a function of the observed moments of the 
probability distribution and the agent’s risk at- 
titudes.° This relationship permits the agent’s 
degree of risk aversion to be inferred by a com- 
parison of the above gap to the variance of prof- 
its. 

However, this relationship is misspecified if 
the agent’s objective function is defined over 
other random variables as well. The wrong risk 
premium will have been used. Instead, the de- 
rivative of the risk premium S defined earlier is 
appropriate. For a correct elicitation of aversion 
to risk in such cases, one needs information about 
the moments of the joint distribution of the dif- 
ferent risks in the objective function and about 
the agent’s attitudes toward the other risks. These 
may depend, as was shown in the preceding sec- 
tion, on the agent’s ordinal preferences. 

Suppose that the small risk assumption is valid. 


è Typically, researchers have assumed small risks, so only the 
second moment, variance, matters. 
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A first-order Taylor approximation of the pro- 
ducer’s first-order condition yields 


-= =W [rB + saln = r), 


where w is the coefficient of variation of the out- 
put price. Data on ñ, W, production inputs, and 
output would facilitate the estimation of the 
coefficient of % in the above equation. Previous 
studies have interpreted the coefficient on if’ or 
on variance as the Arrow-Pratt measure of risk 
aversion (e.g., Antle, p. 774). However, in the 
marketed-surplus case, this coefficient clearly 
cannot be interpreted as a coefficient of risk 
aversion because it also includes parameters that 
describe ordinal preferences for home consump- 
tion. Even if it is known that ß is around one, 
so that safe income is negligible compared to 
the farm income, such an inference is not pos- 
sible. When B = 1, one obtains a linear com- 
bination of r and 7, with the weights determined 
by the size of s,,; the larger is s,,, the more the 
estimate includes the effects of 7. And, if the 
sufficient condition for Sandmo’s result holds— 
that 7 is larger than r and both are positive— 
the result is that the estimated degree of risk 
aversion is too large. 

When does this quantity reduce to the Arrow- 
Pratt measure of risk aversion? Two alternatives 
exist. First, s,, = 0, so the producer does not 
consume any of his farm product. Second is the 
case where 7 = r, which was discussed in pre- 
ceding section. As in the traditional model, if 
these conditions hold, estimation of an individ- 
ual’s attitude toward risk is possible using the 
observed gap between expected price and mar- 
ginal cost. However, if sm > 0, so that the peas- 
ant consumes a significant portion of the prod- 
uct grown on his farm, and his variable indirect 
utility function is not additively separable, the 
traditional estimation procedure yields biased 
estimates. 

In some extremes, the result may even be es- 
timates with the wrong signs, indicating risk- 
seeking behavior although the agent is, in fact, 
risk averse. The above expression for the first- 
order condition reveals that if s,, > B and ņ} = 
0, the level of output under uncertainty is in- 
creasing in the Arrow-Pratt measure of relative 
risk aversion. Thus, if the producer is a net buyer 
of the farm product,’ and the good is inferior, 


? That this might occur seems rather surprising, but the data men- 
tioned earlier from Bangladesh, cited by Ahmed and Bernard, show 
that it can. 
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greater risk aversion is associated with a smaller 
gap between expected price and marginal cost. 
Hence, in this case if one simply regresses the 
gap between expected price and marginal cost 
against variance, the estimated coefficient, mis- 
takenly believed to equal r, will be negative even 
though the producer is risk averse. 

Figure 2 illustrates these findings for some 
plausible values of consumption parameters. On 
the vertical axis is the expected value of the es- 
timated coefficient in the simple regression where 
the dependent variable is the percentage gap be- 
tween expected price and marginal cost and the 
explanatory variable is the coefficient of varia- 
tion of the output price. The horizontal axis gives 
values of the Arrow-Pratt measure of relative risk 
aversion. 

Ideally, the relationship between these two 
would be given by a 45-degree line from the 
origin. The figure illustrates that this is not the 
case when the estimation procedure is based on 
a simple univariate Sandmo-type model. Ignor- 
ing multivariate risk causes behavior that is partly 
the result of uncertainty about a consumption 
price to be ascribed solely to aversion to income 
risk. 

If p = 1, the Arrow-Pratt coefficient of risk 
aversion has no effect on the estimate. In fact, 
the regression coefficient is an unbiased esti- 
mate of the product of the income elasticity and 
the budget share. For deficit farms (p > 1), one 
is likely to obtain negative relationships, as the 
figure shows: increases in the value of r lead to 
decreases in its estimated value. Only for farms 
with a positive marketed surplus will greater risk 
aversion tend to result in larger estimates. 


Mean of Estimate of r 





0.0 0.2 0.4 0.6 0.8 1.0 


Measure of Relative Risk-Aversion r 
eta=.2, Sm=.3 


Figure 2. Estimation of risk aversion 
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Long-Run Entry and Exit Decisions of the 
Risk-Averse Peasant 


The discussion thus far has assumed that the 
household produces a positive level of output 
and hence ignores the possibility of quitting 
farming. However, the effects of price risk may 
be severe encugh to induce farmers to quit the 
farm and to Icok for alternative income sources. 
For example, peasants might choose to migrate 
from rural areas to urban areas to sell their labor 
services. This is the topic of the current section, 


‘which examines the long-run equilibrium and 


serves to illustrate how the modified risk pre- 
mium can lead to different conclusions than the 
usual risk premium. 

Proposition. 3 generalizes the results of 
Sandmo, Paris, and Flacco and Larson, estab- 
lishing the relationship between the peasant’s at- 
titude toward risk and the difference between 
expected price and average cost which induces 
entry/exit. Because the cost of production in- 
cludes the opportunity cost of the peasant’s la- 
bor endowment (that opportunity cost being the 
urban wage), the proposition yields the condi- 
tions under which it would be optimal to quit 
farming and migrate to the city. 


PROPOSITION 3. Exit from farming occurs where 
average cost is smaller (larger) than expected 
price if and ory if the peasant is averse to (seeks) 
income risk, ñ the sense that S >(<) 0. 


Proof. We prove the result for aversion to in- 
come risk; the case of risk seeking can be proved 
similarly. Let the initial level of wealth be Wọ 
and profits frem farming a. The producer is in- 
different between his two alternatives if and only 
if expected utility is the same whether he pro- 
duces or not: 


E[V(, m + Wo, p)] = E[V(L, # + Wo — S, p)] 
= E[V(l, Wo, p)], or 


Various researchers (cited in Katz and Stark, 
for instance) have presented surprising evidence 
that migration has occurred even though “in many 
cases the expected income in the urban area is 
not larger thar. the expected income in the rural 
area” (Katz amd Stark, p. 135). Risk aversion 
in the Arrow->ratt sense can explain such mi- 
gration if income sources in the city are safer. 
However, urtan job markets in developing 
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countries are often characterized by a high level 
of uncertainty about employment. 

`- Katz and Stark suggested imperfections in the 
capital market as a possible explanation. An- 
other alternative is provided by aversion to in- 
come risk, as captured by a positive value for 
our modified risk premium S. Recall that $ con- 
sists of the Arrow-Pratt premium plus an addi- 
tional term. This additional term may be posi- 
tive, providing an additional reason to quit 
farming. It may turn out, then, that peasants will 
be willing to bear additional income risks in the 
urban area—to escape a positive correlation be- 
tween income and a consumption price—thus 
reconciling migration with aversion to income 
risk. 


Turning to the industry, in long-run equilib- 
rium each participant in the industry must be in- ' 


different between operating or quitting farming. 
This requirement implies the following charac- 
teristics of the long-run equilibrium, stated as 
corollary 1, an immediate result of proposition 3. 


COROLLARY 1. Jf the industry consists of 
peasants who are averse to income risk, the long- 
run equilibrium is characterized by positive ex- 
pected profits. 


The above condition replaces the traditional 
“zero profits” characterization of the long-run 
equilibrium of the industry under certainty. Thus, 
the average risk premium drives a wedge be- 
tween expected price and average cost. As is 
true in the case of univariate risk (Flacco and 
Larson), production under risk, if producers are 
risk-averse, does not take place where long-run 
average cost is at a minimum. 

Production may also take place even though 
expected profits are negative. While this could 
occur in a univariate framework, it would be 
possible only with risk-preferring producers. 
Here, it could occur even with risk aversion in 
the Arrow-Pratt sense (V,, < 0), as long as the 
consumption effect of randomness in p was large 
enough to yield § < 0. To summarize, aversion 
to income risk, as defined by a positive modi- 
fied risk premium, is both necessary and suffi- 
cient for the peasant to produce only when ex- 


pected profits are strictly positive, while the’ 


Arrow-Pratt measure is neither necessary nor 
sufficient.’° An empirical implication of this, once 
more, is that even if positive expected profits 


10 The modified risk premium is also useful for interpersonal 
comparisons. For example, it can be shown that a peasant who is 
more averse to income risk would require a higher expected price 
to remain in farming. 
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are observed in the long run, one cannot con- 
clude that producers are risk averse in the sense 
of Arrow and Pratt. Similarly, negative ex- 
pected profits (or apparently suboptimal exits 
from farming) need not imply risk-preferring 
behavior. 


Discussion of Possible Extensions 


Uncertainty about prices is indeed one of the 
important risks with which peasants must con- 
tend. For example, Newbery and Stiglitz and 
Ahmed and Bernard present evidence that in de- 
veloping countries, the coefficient of variation 
of the price of a typical agricultural commodity 
is around 0.5. However, additional risks affect- 
ing profits or other arguments of the utility func- 
tion are typically present. 

‘Uncertainty about the relative prices of other 
commodities consumed is another risk that may 
be present in the utility function. It is unlikely 
that the producer faces output price risk while 
all other prices in the economy are known or 
move together (pure inflation), as essentially was 
assumed in our model, It is straightforward to 
generalize our results, however. The risk pre- 
mium S is defined as before, but p now denotes 
a vector of goods’ prices. For small risks, it can 
be shown that 


N 
1 Vr 
s= -ioi So 
Op,pi¥ 


This is a generalization of the risk seca of 
the second section of the paper, which was de- 
fined for the case of uncertainty about the price 
of output and the price of one consumption good. 
This expanded risk premium consists of the uni- 
variate income-risk premium and a term captur- 
ing the individual’s aversion to the covariation 
of income (through the output price p,) with all 
other prices p; ( = 1, ..., n). The latter could 
be positive or negative. 

Both components of S have a derivative with 
respect to output; as a result, the marginal risk 
premium, which represents the difference be- 
tween price and marginal cost, could have a sign 
opposite to that of the univariate risk premium. 
However, unlike the special case of the earlier 
section, where only the price of the marketed 
surplus good is random, knowing the sign of the 
marginal risk premium now requires knowledge 
of the covariances between prices and of pref- 
erences (each V, term). Our analysis that con- 
siders only the price of the marketed surplus good 
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is thus a special case of the more general prob- 
lem in which all prices are random. As long as 
other goods tend to have small budget shares 
and the risks in their relative prices have small 
degrees of correlation with the output price, it 
might be reasonable to assume that the overall 
effect on production of these other risks is neg- 
ligible. Otherwise, at least for small risks, the 
expression above replaces the risk premium we 
used. It complicates the interpretation of the 
conditions for Sandmo’s result or for a positive 
risk premium because information about all goods 
is required, but it is still S, and not the univar- 
iate risk premium, that describes behavior. In 
fact, the multivariate risk premium S replaces 
the univariate (Arrow-Pratt) risk premium any 
time the situation is one of multivariate risks 
(Karni, Finkelshtain). 

Other risks also affect profits. Certainly, 
peasants are exposed to uncertainty about yields 
as well as prices. To accommodate this addi- 
tional uncertainty, the model must be extended 
in two directions. First, it must be modified to 
allow the choice variables to be inputs rather than 
the level of output. Second, the risk premium is 
more complicated. Assuming small risks and re- 
turning to the case that other goods prices are 
known, the willingness to pay to stabilize in- 
come risk, when it consists of both yield risk 
and output price risk for the marketed surplus 
good, is given by 


as Dup 
Py Ow 
y y 


where o,,, the variance of revenues, now re- 
flects variation in price and output, as well as 
their covariance. In addition, the covariance be- 
tween income and the price of the good, o,,, 1s 
no longer the same as o,, °x; hence, this expres- 
sion cannot be simplified any further. Both the 
covariance term and the derivative V,, must be 
signed before the effect of risk can be deter- 
mined. Since o,, depends on the level of pro- 
duction, the marginal risk premium is once more 
affected by the added risk. 

This causes some difficulty in establishing re- 
sults analogous to propositions 1 and 2. These 
propositions were based on the assumption that 
only price risk exists. The risk premium S still 
may be interpreted as before, but because prof- 
its now depend on additional risks, the charac- 
terization in proposition 1 of preferences that 
imply S$ > 0 is no longer valid. Moreover, a 
proposition similar to proposition 2 is hard to 
derive because, except for extreme cases such 
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as where profits and the output price are per- 
fectly correlated, it is impossible to find an 
expression for dV,/dp, of condition (iv). 

The conditions under which a producer will 
always behave as a risk averter with respect to 
output or will always be willing to pay a posi- 
tive premium to stabilize income are thus much 
stronger. While more difficult, the problem is 
not intractable. Either the problem must be at- 
tacked for small risks only, with the Taylor ap- 
proximation of S, or restrictions must be placed 
on preferences to obtain large-risk characteriza- 
tions of behavior. . 

The main conclusions remain valid: the level 
of output may well be greater than under cer- 
tainty, and ordinal preferences affect the level 
of production. In fact, it can be shown that, for 
any preferences (except the logarithmic utility 
function), there is always some probability dis- 
tribution that implies a higher output level under 
uncertainty. Also, if additional restrictions are 
imposed on the joint probability distribution of 
wealth and the price of consumption goods, a 
broader set of preferences will imply Sandmo’s 
result. For instance, if they are independent (e.g., 
if the producer receives a certain price for his 
output but faces yield risk that is independent of 
the risk in the prices of consumption goods), it 
is required only that the producer is averse to 
risk in the Arrow-Pratt sense. 

It is important to emphasize that our discus- 
sion in the two preceding sections of the paper 
also remains valid. An empirical analysis that 
does not explicitly consider the producer’s or- 
dinal preferences for goods will yield biased re- 
sults if interest is in estimating risk attitudes. 
Also, aversion to a specific income risk, as de- 
fined by S > 0, would imply positive expected 
profits in the long run, and a more risk-averse 
producer will demand a higher expected price to 
stay in business. 


Conclusions 


This paper has shown that many of the familiar 
results from models of output price uncertainty 
may no longer hold when producers consume a 
significant share of their own output. In the short 
run, a peasant producer who is averse to risk 
may find it optimal to produce either more or 
less output than the level that maximizes ex- 
pected profits. The necessary and sufficient con- 
ditions for each of these alternatives were de- 
rived. The univariate (Arrow-Pratt) measure of 
aversion to risk is not sufficient to determine 
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which will occur. However, the alternative risk 
premium developed in the paper, which mea- 
sures aversion to risk in income when other ran- 
dom variables affect utility, does provide a 
characterization of risk aversion and of the level 
of output. 

Implications were drawn for empirical studies 
that attempt to determine risk attitudes from ob- 
served behavior. Estimates or predictions that 
use univariate models will, in general, be biased 
for the case of peasants. Finally, in the long run, 
the average price the peasant producer requires 
to remain in business may be larger, equal to, 
or smaller than average cost. 


[Received April 1990; final revision received 
October 1990.] 
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Market Integration, Efficiency 
of Arbitrage, and Imperfect 
Competition: Methodology and 
Application to U.S. Celery 


Richard J. Sexton, Catherine L. Kling, and Hoy F. Carman 


This paper develops and applies a methodology to test for efficiency of irterregional 
commodity arbitrage. Application of the methodology requires only time-series data on 
prices for alternative cities, regions, countries, or product forms. Yet, the approach is 
capable of generating evidence on a number of market parameters including market 
integration, arbitrage efficiency, the magnitude of marketing margins, product 
substitutability, and competitiveness of markets. Estimation is based on a switching 
regression model with three regimes: efficient arbitrage, relative shortage, and relative 
glut. Results from application of the model to U.S. celery marketing indicated 
significant departures from efficient arbitrage for both California and Florida celery. 


Key words: arbitrage, celery, imperfect competition, law of one price, market 
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The nature of markets and their role in price de- 
termination are central to economics. Geo- 
graphic markets are particularly relevant to ag- 
riculture because agricultural products are 
typically bulky and/or perishable and areas of 
production and consumption are separated; hence, 
transportation is costly. The geographic bound- 
aries of a market are important in the measure- 
ment of supply and demand, in price discovery, 
and in the structure of competition. Despite this 
importance, Stigler and Sherwin (p. 555) have 
noted that “the infrequency with which one en- 
counters actual market size determinations out- 
side the antitrust area is surprising and perhaps 
disquieting.” However, a methodology devel- 
oped recently by Spiller and Huang to define 
wholesale gasoline markets geographically may 
contribute importantly to this line of inquiry. This 
paper extends the Spiller and Huang approach 
to measure arbitrage efficiency and adapts the 
methodology to an agricultural markets context. 
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An application to U.S. fresh celery markets is 
also provided. 

Contemporary studies of economic markets 
(and definitions of a market) are usually based 
on the fundamental definitions of Cournot and 
Marshall. Two regions are in the same eco- 
nomic market for a homogenous good if the prices 
for that good differ by exactly the interregional 
transportation cost. Alternative statements of this 
same arbitrage concept are that (a) the regional 
markets are integrated (Goodwin and Schroe- 
der), and (5) the law of one price holds between 
the two regions (Carter and Hamilton; Good- 
win, Grennes, and Wohlgenant). 

The failure of two or more regions to adhere 
tc the law of one price may be explained by one 
or more of the following considerations: (a) the 
regions are not linked by arbitrage, i.e., they 
represent autarkic markets (Spiller and Huang); 
(b) there are impediments to efficient arbitrage, 
such as trade barriers, imperfect information, or 
risk aversion (Ravallion, Buccola 1983); or (c) 
there is imperfect competition in one or more of 
the markets (Stigler and Sherwin, Faminow and 
Benson). This latter point is relevant because a 
normative conclusion often drawn from market 
integration analysis is that observance of the 
Marshallian arbitrage condition across markets 
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implies the existence of efficient, competitive 
arbitrage forces. However, Faminow and Ben- 
son have observed recently that this conclusion 
is justified only for the prototype point-space 
trading model wherein “effectively, all buyers 
and sellers [within a region] are located at a sin- 
gle point” (p. 49). 

Information on market integration may, there- 
fore, provide specific evidence as to the com- 
petitiveness of markets, the effectiveness of ar- 
bitrage (Carter and Hamilton), and the efficiency 
of pricing (Buccola 1983). However, as Fami- 
now and Benson’s work demonstrates, it may 
be difficult to discern the specific cause(s) of 
observance or failure to observe the law of one 
price. This point will be developed further in the 
following discussion. 


Previous Approaches 


The traditional methodology.to study market in- 
tegration relies on correlations between the prices 
in pairs of regions (Richardson, Horowitz). For 
example, a typical regression mode] to test for 
short-run market integration might be __ 


(1) P; = B, + BiP? + BT, + e, 


where Pi, i = 1, 2 is the price in region i at time 
t for a homogenous good, 7, is the transactions 
cost at t required to ship a unit of the good be- 
tween the two regions, and e, is a random error 
term. A test for short-run integration is provided 
by the joint hypothesis: 


(2) Ho: B, = 0, B, = B, = 1.0. 


Because common shifts in supply and demand 
may induce substantial correlation among the 
P, even without interregional arbitrage, analysts 
have considered variations of equation (1) based 
upon correlations of price differences (Stigler and 
Sherwin, Carter and Hamilton). 

Researchers have also become increasingly 
concerned with distinctions between short- and 
long-run market integration. As Ravallion ar- 
gues: “in many settings it will be implausible 
that trade adjusts instantaneously to spatial price 
differences, so one would be reluctant to accept 
short-run market integration as an equilibrium 
concept” (p. 103). The model proposed by Ra- 
vallion to test for short- versus long-run inte- 
gration involves correlating price in one region 
with lagged own prices and contemporaneous 
and lagged prices in another region. For ex- 
ample, 
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The test of short-run integration is the hypoth- 
esis yọ = 1.0, y; = 0, j # 0, and B; = O for all 
i, while the corresponding long-run integration 
condition requires that Dj; B; + Xi- Y% = 1.0. 

The recent contributions of Goodwin and 
Schroeder and Goodwin, Grennes, and Wohl- 
genant are in the same spirit. As Goodwin and 
Schroeder note (p. 174): “Interregional trade takes 
time to arrange and to complete. Because of de- 
livery lags, trade between regions is conducted 
based upon expectations of future market con- 
ditions” (emphasis added). Thus, these authors 
construct rational expectations models of arbi- 
trage wherein the market integration condition 
is one of transportation-cost-adjusted equality 
between current price in the exporting region and 
expected future price at the delivery time in the 
importing region. 

However, in competitive markets with con- 
tinuous trade, failure to observe short-run inte- 
gration of prices implies normative inefficiency 
in the arbitrage process. Thus, although long- 
run integration may be regarded as the more re- 
alistic equilibrium concept, short-run integra- 
tion remains a normative benchmark for market 
evaluation. 

Also short-run market integration may be a 
more realistic equilibrium condition than the 
preceding authors imply. For example, in the 
common trade scenario where one region or 
country is a dominant exporter shipping to many 
importers, the flow of product from.the exporter 
to the various importers is nearly continuous. 
Thus, the efficient arbitrage response to a rel- 
ative price increase for importer A is not nec- 
essarily new shipments to A from the exporter 
but, rather, a rerouting of shipments from other 
destinations to A. Depending upon the geo- 
graphic constellation of importing regions/ 
countries, this adjustment process may occur very 
quickly, making the law of one price a realistic 
short-run equilibrium condition. ' 

Faminow and Benson’s concern is not the 
methodology of market integration analysis but 
rather the interpretation of estimation results, 
which they show hinges critically on the as- 
sumed model of spatial competition. Most prior 
work has been interpreted from the perspective 
of the standard point-space trading model (Tak- 
ayama and Judge) common to international or 
interregional trade analyses. Here, production 
and consumption regions are geographically 
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separate and competition is usually considered 
only in so far as it emanates from multiple sell- 
ers (buyers) located at the production (con- 
sumption) point. 

Benson and Faminow note, however, that the 
intraregional trading model (e.g., Greenhut, 
Norman, and Hung) may be more appropriate 
in arbitrage analysis for some agricultural com- 
modities. This model embodies a spatial distri- 
bution of both buyers and sellers along, say, a 
line or appropriate two-dimensional surface. 
Competition is then usually from spatially dis- 
persed buyers and/or sellers, although multiple 
buyers/sellers may be located at a given point. 

The key Faminow and Benson conclusion is 
that estimation results will be interpreted quite 
differently from a point-space trading model 
perspective than from the perspective of spa- 
tially dispersed buyers and sellers. For example, 
short-run market integration may imply anti- 
competitive base-point pricing rather than com- 
petitive FOB pricing and efficient Marshallian 
arbitrage.’ 

The main inference from these recent studies 
is that the arbitrage model must be chosen and 
interpreted carefully relative to the trade and 
market structure characteristics of the product 
under study. Is short-run (contemporaneous) in- 
tegration a realistic equilibrium condition? Is the 
point-space trading model an appropriate char- 
acterization of the market(s), or is the model with 
spatially dispersed agents a more accurate de- 
scription (Faminow and Benson)? 

The Spiller and Huang (SH) model is directly 
relevant to those situations when integration of 
markets based on contemporaneous prices is a 
realistic equilibrium condition, although the 
methodology is extended in this paper to study 
lagged price effects. In this context the SH ap- 
proach overcomes a number of lingering meth- 
odological problems in arbitrage models: (a) The 
arbitrary choice of the price in one region as 
predetermined is avoided. (b) Transaction costs 
are estimated within the model. (c) Integration 
is not treated as an “all or nothing” proposition 
because regions often may be linked by arbi- 
trage in some periods, but not others, depending 
upon the supply-demand conditions in each re- 
gion at time ¢, as well as the magnitude of T,. 

We turn now to describe the basic SH model. 
With the extensions proposed here, the ap- 


| Base-point pricing is a collusive strategy whereby all sellers 
offer the same delivered price schedule consisting of price at a given 
location (the basing point) plus transportation costs from the basing 
point to other destinations. 
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proach is capable of addressing a number of 
market integration questions relevant to agri- 
culture. Our application to fresh celery markets 
provides an illustration and helps to highlight 
some of the points raised by Faminow and Ben- 
son. 


The Basic Model and Extensions 


The SH mocel is constructed in the point-space 
tradition and applicable to separate regions that 
have their cwn supplies and demands for the 
product in question. The product may be shipped 
at a cost across regions. Because each region 
has its own supply and demand, it is possible to 
identify autackic prices in each region. SH ex- 
press the reduced-form equations of autarky prices 
for two regicns at time f¢ as 


(4) 
(5) 


where the zr‘ are constant means and the ej rep- 
resent random shocks to the markets. Given free 
trade across -egions, the actual prices, P}, P?, 
may differ frcm the autarky prices. Specifically, 
if |Pi* — P?^ <T, no profitable arbitrage op- 
portunities exist and 


PSP P= Pe 


P = m te, 


2A _. 2 
P; = mT + ež, 


However, -f the autarky price difference ex- 
ceeds T,, SH assume that competitive interre- 
gional shipments will take place until the ob- 
served prices in each region differ by exactly T,. 
In this case the markets are integrated, and 


P; — Pi = T,>0, 


where for simplicity region 2 is assumed to be 
the higher-price region. 

Let transactions cost T, be modeled as a ran- 
dom variable with constant mean, T: 


(5) T,=T+ v,, where v, ~ NO, o$). 


The probab_lity at time ¢ of no arbitrage op- 
portunities beween the two regions Q.e., the 
probability of autarkic markets) is the constant, 
A, where 


À = Prob{p-* — P4 < T + và, 
= Prob{(7-* — m) + (e? — &) — v, < Th. 


? Constant mean transactions costs over time represents a fairly 
strong assumption o7 the SH model and implies that empirical ap- 
plications of the madel require relatively short time series and/or 
periods of relatively stable prices. 


Sexton, Kling, and Carman 


It follows that A is a function of m, a’, T, 
o, and the distribution parameters of the e$. The 
probability of observing binding arbitrage (mar- 
ket integration) at time ¢ is 1 — A, where A = 
O signifies regions that are almost always inte- 
grated (in the same Marshallian economic mar- 
ket). 

The above model. may be expressed as a 
switching regression system and estimated using 
maximum likelihood methods. With the SH ap- 
proach (a) prices are not treated as predeter- 
mined variables in the regression model, (b) in- 
terregional shipment costs are endogenous and 
estimated within the model, and (c) the proba- 
bility that markets are integrated is allowed to 
vary continuously. 


Extensions 


Production of many agricultural products is con- 
centrated in only one or a few regions and, hence, 
does not conform directly to the SH paradigm, 
wherein regions have indigenous supply sources. 
For example, U.S. supplies of many fruits and 
vegetables, depending upon the season, ema- 
nate mainly from California and/or Florida. In 
these cases shipments typically flow from the 
producing region to various terminal markets 
across the country, and the concept of regional 
autarkic markets is of limited relevance. 

A question that arises in these agricultural set- 
tings is whether product allocation from the pro- 
ducing region to consuming regions takes place 
efficiently or whether periodic gluts or shortages 
occur as the result of product misallocations 
(Buccola 1983, 1985; Berger et al.). Unlike the 
SH model, episodes of arbitrage failure cannot 
be attributed to autarkic market equilibria in these 
cases. Rather, they must be explained by inef- 
ficiencies in arbitrage resulting from trade bar- 
riers, imperfect information, and risk aversion, 
or by imperfect competition. 

The extension of the SH model developed in 
this paper is applicable to many agricultural 
products. These model applications will be 
characterized by markets logically linked by ar- 
bitrage, with tests for the efficiency and/or 
competitiveness of the arbitrage process. Test 
results will usually allow the analyst to draw in- 
ferences regarding the efficiency of arbitrage with 
probabilities of gluts and shortages for a given 
area, the physical dimensions of the market, and 
product substitutability. For parsimony of pre- 
sentation, however, the analysis is developed in 
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the specific context of the application to U.S. 
celery marketing. 

California is the major celery supplier to U.S. 
markets throughout the year, but the competi- 
tive structure varies by season. Shipments data 
confirm that California supplies some 80% to 
85% of the celery to U.S. terminal markets dur- 
ing the summer and fall months (roughly June 
through November). Nearly 90% of the Cali- 
fornia crop is shipped via trucks, with most of 
the remainder shipped by piggyback van. Mich- 
igan is the largest of the secondary summer-fall 
suppliers, with minor supplies also originating 
in New York, Ohio, Washington, and Canada. 

California’s share declines, however, during 
the winter and spring (December through June) 
when Florida enters as a major producer, ac- 
counting for about 25% of total supplies. Al- 
though Florida ships celery to all major terminal 
markets except those on the West Coast, Cali- 
fornia celery is preferred to the Florida product 
because of higher quality, more dependable sup- 
ply, and California shippers’ ability in many cases 
to provide a single source for many fresh veg- 
etables (Berger et al.). 

Berger et al. estimate that there are ninety cel- 
ery growers and about forty large-scale handlers 
and marketers of celery in California, with none 
having a large market share. Moreover, there is 
no centralized mechanism to coordinate ship- 
ments in California. This structure contrasts 
sharply with the Florida scenario, where only 
about fifteen large grower handlers operate and 
marketing is regulated by a federal marketing 
order featuring flow-to-market provisions. Also, 
nearly all Florida celery growers belong to a 
centralized marketing organization, the Florida 
Celery Exchange (Berger et al.). Contracts with 
growers give the exchange title to the celery and 
complete control over its marketing (Kilmer). 

Market structure analysis indicates strongly 
that California celery is allocated competitively. 
Although Faminow and Benson note that spatial 
markets often tend to be imperfectly competitive 
and provide incentives for sellers to price dis- 
criminate,’ a large number of sellers located at 
the same production point renders such discrim- 
ination infeasible and competitive FOB pricing 
emerges in equilibrium. (A formal derivation of 
this result is provided in Greenhut, Norman, and 
Hung, chap. 8.) 


> Spatial price discrimination occurs when “the difference in de- 
livered prices between any pair of markets is not equal to the dif- 
ference in transports costs incurred by the firm in supplying those 
markets” (Greenhut, Norman, and Hung, p. 102). 
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Because celery marketing is much more co- 


ordinated in Florida than California, it is im-. 


portant to ask whether Florida shippers exercise 
market power and practice price discrimination 
across consuming markets or whether pervasive 
competition from California mitigates these op- 
portunities. 

Focusing attention first on celery marketing 
during the summer months, suppose initially that 
product flows from California are efficient. Then 
denoting California FOB prices as Pc and 
wholesale terminal market prices with the cor- 
responding upper case P’ i = 1, ..., n, we have 
the following equilibrium arbitrage condition for 
a given time period t: 


7) Pep RSLS eT, 
=. = P — T’. 


Departures from (7) imply profit opportunities 
that, given a perfectly competitive supply, should 
trigger product reallocations from low- to high- 
price terminals to restore the equality. 
However, if product is not allocated effi- 
ciently due to risk factors, imperfect informa- 
tion, significant shipment lags, etc. (see gen- 
erally Buccola 1983), then periodic gluts or 
shortages may appear in the various terminals 
and (7) will not hold for all t. For example, Ber- 
ger et al. speculate that California causes peri- 
odic gluts in Eastern markets during summer 
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months by making large shipments with “no pre- 
arranged destination or price” (p. 35). 

To extend the SH methodology to test for in- 
efficient product allocation, we define three re- 
gimes that exhaust the possible arbitrage con- 
ditions between the producing region and any 
terminal market i: 


(8a) E 
Pi Por FT +y, 
(8b) 
Pi— poe = Ti+ vitu 


with prob 1— Ay a Ad; 


with prob A,, 
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(8c) . 
P í ~ Pes T T'+ 
Here u is a positive random variable so that 
(8b) defines a regime wherein the wholesale ter- 
minal price exceeds the FOB price plus trans- 
actions costs—a relative shortage situation in that 
less product was allocated to the terminal than 
indicated by the efficient arbitrage condition (8a). 
Alternatively (8c) corresponds to a market glut, 
where the terminal price is depressed below the 


vi-u’ with prob A,. 


FOB price plus transactions costs because of ex- 


cess shipments relative to the efficient arbitrage 
standard. 

The equations in (8), thus, define a switching 
regression model with three regimes: efficient 
arbitrage, shortage, and glut. To estimate the 
model, the likelihood function may be formu- 
lated as follows: 


9) L=[|Dafit Af? +A O- A AADA, 


t=1 


where fi, f;, and f? are, respectively, the den- 
sity functions of (8a), (8b), and (8c), and n is 
the number of observations. To specify these 
densities, assume that u, is distributed indepen- 
dently of y; with a half normal distribution, i.e., 
an N(0, 2) distribution truncated from below at 
zero. Then define Y, = Pi — pc, and express the 
densities as follows:* 


J-A 


(Y,-T)a,/o, 
|p o| (07 + o3’ \| 


-(Y,- Dele 


(a, + o)° 


where #( ) denotes the standard normal density 
function, and ®( ) denotes the corresponding 
cumulative distribution function for the standard 
normal. The parameters T, A,, Az, 0%, and o% can 
be estimated by maximizing the log of (9). 
During Florida’s winter production cycle, the 
Florida znalogue to the California efficient ar- 


* The functions f} and f? are best understood through their close 
analogies to frontier functions (Aigner, Lovell, and Schmidt). Spe- 
cifically, ft corresponds to a stochastic frontier equation with a pos- 
itive error (2.g., a cost function), while f? corresponds to a sto- 
chastic froncier equation with a negative error (e.g., a production 
function). 
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bitrage condition, (7), can be formulated and also 
tested via (9), but these results must be inter- 
preted in a manner consistent with the spatial 
market structure for Florida celery (Faminow and 
Benson). Spatial price discrimination is a con- 
cern given Florida’s marketing order, Celery 
Exchange, and insulation from nearby spatial 
competitors. Although Taylor and Kilmer con- 
cluded that “the weight of empirical evidence 

. . Suggests that the Florida celery industry 
has not enhanced price above [the competitive 
level]” (p. 41), this conclusion was derived from 
an aggregate conjectural variations model of oli- 
gopoly which may fail to capture spatial market 
power in specific consuming regions. 

Thus, to explore this issue further using an 
arbitrage model framework, note that a price 
discrimination equilibrium for Florida would be 


(10) MR;-, =. Try = MR n Tis 
aa MRF, B Tre S Prw 


where the MRi, denote marginal revenue from 
Florida celery sales to the various terminal mar- 
kets i at time ¢, and Tp, are the corresponding 
per unit transactions costs. The Florida grower 
price, pr, represents a blend price based on 
revenues from the various terminal markets. 
Marginal revenue in each terminal market is de- 
rived, in turn, in the usual fashion from the re- 
sidual demand facing Florida shippers in that 
market. | 

Florida’s residual demand is essentially the 
market celery demand less the competing Cali- 
fornia supply at each price.” If Florida has no 
market power, residual demand for its celery is 
perfectly elastic, MR;, = Prs, for all i, and (10) 
collapses to the competitive equilibrium condi- 
tion, (7). Two factors suggest, however, that 
Florida may face relatively inelastic residual de- 
mands in those consuming regions nearest to it: 
(a) Florida has a decided transportation cost ad- 
vantage over California in these markets and, 
hence, is less vulnerable to offsetting California 
shipments, (b) for most functional forms, de- 
mand becomes more elastic as a function of dis- 
tance from the producing to consuming region 
(Greenhut, Norman, and Hung). In these cases, 
price discrimination will favor more distance 
markets in that delivered price to these markets 


` This definition of residual demand is technically correct only 
for the case where Florida and California celery are perfect sub- 
stitutes. As noted, some evidence, including our own empirical re- 
sults, suggests that buyers view Florida and California celery as 
somewhat differentiated products. Baker and Bresnahan derive re- 
sidual demand functions for the differentiated products case. 
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will not reflect the full incremental transport costs 
(Greenhut, Norman, and Hung). 

To incorporate spatial price discrimination into 
an SH-type arbitrage model, define M, as an in- 
cremental mark-up to the price, P}, at terminal 
market i in addition to the transactions costs, 
TŻ. It follows that M} > 0 implies a price mark 
up over the FOB price and M; < 0 implies freight 
absorption. The equation for delivered Florida 
price to any terminal market i is thus: 


(11) Pry = Pry t Tr, + Mi 


The modified SH model summarized in (8), and 
(9) cannot formally distinguish the two com- 
ponents of the Py, — pr„ price difference in (11). 
That is, the coefficient, T; from maximizing the 
log of (9) will include both T; [see eq. (6)] and 
a sample average for M;. However, if reason- 
able inferences about the relative magnitudes of 
the Tp can be made across the various spatial 
markets, perhaps inferences about spatial price 
discrimination can be generated from an SH ar- 
bitrage model. 


Price Premia 


A final extension of the SH model with a direct 
application to celery marketing concerns tests of 
the product range.” Although agricultural prod- 
ucts often are considered homogenous, subtle, 
but possibly important, product differentiation 
may exist among nominally similar products. 
Examples are similar products grown in differ- 
ent regions, different varieties of a particular crop, 
or meat products with variable characteristics, 
such as the degree of marbling. 

Two products or varieties of a product belong 
in the same product market if they are close sub- 
stitutes (Stigler and Sherwin). The most general 
approach to measurement of substitutability is 
estimation of cross elasticities of demand, but 
data deficiencies and econometric problems may 
render this method impractical (Baker and Bres- 
nahan), especially for products that are close 
substitutes.” Yet, specific evidence on the sub- 
stitutability of products believed a priori to be 
close substitutes will be important when precise 
product and market definitions are at issue. (For 


6 Stigler and Sherwin have also observed that tests of geographic 
market definition may also be applied directly to questions of prod- 
uct substitution. 

’ For example, the closer the substitute relationship between two 
products, the more colinear their prices will be, making it imprac- 
tical to include both prices as explanatory variables in demand func- 
tion estimation. 
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example, see Hayes, Wahl, and Williams for an 
attempt to test perfect substitutability in an AIDS 
framework.) 

The SH methodology may also be extended 
to address a hypothesis that two goods are per- 
fect substitutes (in the same product market). The 
key point is that a stable relationship must exist 
between the prices of two perfect substitutes. 
Specifically, we define perfect substitutability 
as the existence of a stable premium (possibly 
zero) separating the prices of two products in 
our application California and Florida celery. That 
1S, 

(12) Po, - Pr, =a't wi,i=l1,...,n, 
where a‘ = 0 represents the price premium, and 
pi ~ N(O,(o',)’). If California and Florida ce- 
lery are perfect substitutes, then during all pe- 
riods when both regions ship to a consuming area, 
arbitrage forces will ensure that the two prices 
diverge by the premium, a’. However, if the 
two products are not perfect substitutes, then their 
price difference may systematically range above 
or below a‘ in response to variations in each 
product’s individual supply-demand factors. 

The three regimes of our model of geographic 
arbitrage efficiency correspond exactly to the 
model to test for stable price premia (perfect 
substitutability). That is, we can define three re- 
gimes to exhaust the arbitrage possibilities across 
alternative product forms: 


(3a) o, 
Pc — Pr, ™= a' + p, withprob. 1 — AÀ; — A, 


a3b) 
Pe — Pri =a + tu withprob. A; 


3e) 
Pea — Pr,=a@ +t p — u withprob. Ao, 


where all variables are defined as in (8). The 
hypothesis A; = A, = 0 tests whether the prod- 
ucts are perfect substitutes , and, qualitatively 
speaking, the magnitude of A, + A, is inversely 
related to the strength of the substitute relation- 
ship. Conditional upon rejecting A, = Az = 0, 
differences in A, and A, can be analyzed to de- 
termine possible asymmetries in the substitute 
relationship. 


8 For example, if Pi, — Ph, > a’, then buyers will bid up the 
price of Florida celery relative to California celery to restore the 
equality in (12). 
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Estimation 


The switching regression models were estimated 
using weekly price data for U.S. celery for the 
four-year period, January 1985 through Decem- 
ber 1988. Shipping point and terminal market 
prices were obtained for both California and 
Florida celery from various USDA Federal-State 
Market News Service reports. All prices were 
in terms of dollars per crate.” California’s pro- 
duction is year around, but the producing area 
shifts seasonally. Thus, Central Coast prices were 
used during the summer and fall, and South Coast 
prices were used in the winter and spring. The 
Florida analysis was based on data from Flori- 
da’s December through May production period. 

Two criteria were used in selecting terminal 
markets for inclusion in the study: (a) signifi- 
cance of the terminal as a receiver of celery, and 
(b) location of the terminal. The five largest U.S. 
terminal markets, Boston, Chicago, Los Ange- 
les, New York, and San Francisco, were in- 
cluded under the first criterion, and Atlanta was 
chosen under the second. '° However, Florida does 
not ship celery to the West Coast, so the anal- 
ysis for Florida shipments was limited to Chi- 
cago, Boston, New York, and Atlanta. 


California Celery 


The maximum likelihood estimation was con- 
ducted using the DFP routine in the GQOPT 
package. Results from estimation of (9) for Cal- 
ifornia-origin celery are summarized in table 1. 
Most of the estimated coefficients are statisti- 
cally significant. The probability, 1 — A, — Aj, 
of efficient arbitrage is high, not surprisingly, 
in Los Angeles (0.76) and San Francisco (0.83), 
those cities nearest the production regions. 
However, in all cases the A, are either individ- 
ually or jointly significant causing a rejection of 
the hypothesis that arbitrage is efficient or that 
the law of one price holds for all ¢." 

The less efficient arbitrage in the eastern mar- 
kets is consistent with prevailing views on pric- 


? The stendard celery crate weighs 60 pounds. The number of 
stalks per crate varies with the size of the celery. Our prices were 
usually based on 2.5 dozen stalks per crate. Market News prices 
are often reported in ranges. In these cases we chose the lower 
bound of the price range for analysis. The rationale for this choice 
is providec by SH (p. 137). 

10 Industry experts suggested that about 60% of fresh celery is 
marketed through the terminals, with the rest contracted directly to 
major retailers, 

! For A:lanta and Boston joint significance of the A; was estab- 
lished based on the usual likelihocd ratio tests. 
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Table 1. Parameter Estimates for California Celery Arbitrage 


Los Angeles San Francisco 

T 2.35 3.83 

(28.28) (32.66) 

ay ' 0.62 1.28 

(5.28) (5.39) 

T; 3.94 7.97 

(3.52) (2.29) 

À; 0.15 0.12 

l (2.27) (1.80) 

A; 0.09 0.05 

(16.12) (1.27) 

1-A,-A, 0.76 0.83 

Log likelihood —323.44 —379.47 
Observations 209 209 

T as % of 

mean price 28 38 


* t-statistics are in parentheses. 


ing efficiency (Buccola 1983, 1985). For ex- 
ample, the risk in making unconsigned shipments 
likely increases with shipment distance due to 
time lags, possible loss in quality, etc. Quantity 
and quality of information on market conditions 
may also decline as a function of distance be- 
tween shipping point and receiving point. The 
Atlanta result, 1 — A, — A, = 0.82, differs from 
the results for the other eastern terminal markets 
but is explainable by Atlanta’s close proximity 
to Florida production. That is, through the sub- 
stitute relationship, a glut or shortage of Cali- 
fornia celery can be corrected by an adjustment 
in either the California supply or the competing 
supply from nearby Florida. 

Particularly relevant are the comparative 
magnitudes of the Â;. In each of the markets 
studied, except Atlanta, A, > A,. Thus, each of 
the five major terminals was more often char- 
acterized by relative undersupply than oversup- 
ply of celery, and no support is found for the 
Berger et al. conjecture that California causes 
market gluts in the major eastern markets. 

The estimates of mean arbitrage costs in table 
1 are all highly significant. With one exception, 
Chicago, Îi} is increasing in distance from the 
producing area. The Chicago result may signal 
relative inefficiencies or imperfect competition 
in the Chicago-area transportation and market- 
ing network. Also interesting is the significant 
portion of wholesale California celery prices that 
is due to shipment costs. This figure ranges from 
28% in Los Angeles to 52% in Atlanta, based 
on mean 1985-88 wholesale prices. 

Transportation costs typically account for a 
major portion of total transactions costs. Be- 
cause of the assumption of constant mean trans- 


Chicago Boston New York Atlanta 
5.45 4.84 4.53 6.31 
(1.86) (5.82) (11.02) (23.13) 
0.33 0.87 1.05 0.94 
(1.68) (2.14) (3.24) (1.74) 
223 2.65 3.53 3.20 
(5.61) (2.42) (4.46) (1.20) 
0.55 0.78 0.61 0.00 
(3.69) (1.69) (2.46) (0.00) 
0.26 0.04 0.03 0.18 
(2.60) (0.63) (0.95) (1.31) 
0.19 0.28 0.36 0.82 
— 367.42 —373.22 —391.90 —193.15 
209 -209 209 122 
46 41 40 52 


actions costs in the model (see footnote 2), pos- 
sible trends in transportation costs over the period 
of analysis are of concern. Monthly shipping- 
point-to-terminal-market truck transportation costs 
per crate of celery for the 1985—88 period of 
analysis were obtained from the U.S. Depart- 
ment of Agriculture, Agricultural Marketing 
Service (USDA AMS), but observations were 
available for only Atlanta, Chicago, and New 
York. These data were tested for trends in trans- 
portation costs during the period; no statistically 
Significant time trend was detected in these per 
crate charges. This result supports the assump- 
tion that mean transactions costs were constant 
over this four-year period.” 

As noted, celery marketing exhibits a sea- 
sonal pattern coinciding with Florida’s winter— 
Spring production cycle versus summer-—fall 
marketing when California competes with a 
number of small northern suppliers. Also, truck 
shipment rates often exhibit a seasonal pattern, 
with higher rates during summertime peak de- 
mand periods. For these reasons the arbitrage 
model defined in (9) was estimated separately 
for the December~May and June—November 
periods. The results are contained in table 2.”° 

No seasonal pattern in the probability of ef- 
ficient arbitrage is evident in the Los Angeles 
and San Francisco markets. This result is not 


2 A second analysis involved subtraction of transportation costs 
from the terminal market price and estimation of the switching 
regression model for Chicago and New York. Except for the an- 
ticipated differences in the magnitude of T, the probabilities of binding 
arbitrage were essentially unchanged: 0.15 in Chicago and 0.39 in 
New York versus 0.19 and 0.36, respectively, in table 1. 

’? Seasonal models were not run for Atlanta because of limited 
observations. No California celery price was recorded in Atlanta 
for many weeks because of insufficient shipments. 
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surprising because these markets are served ex- 
clusively by California supplies and, hence, are 
relatively insulated from changes in the seasonal 


sl aE Frege oo production pattern. In contrast, a seasonal pat- 
E INHAS Saran tern does emerge in the major midwestern and 
xla Ra i eastern terminals. In all three cases the esti- 
AS mated probability of efficient arbitrage is greater 
z OERIEN in the winte- than summer and in all cases A, 
co m oF OO re m . . » E 
Zia SH SPARlVASsas (A,) is highe- in the summer (winter)."* 
S VS CET ESL SSO RES These tesvlts indicate that it is more difficult 
for California shippers to engage in efficient ar- 
bitrage in the summer—fall months than in the 
Pas o™~ oo m~ rm * * > 
y SRASASRSSSSSA winter and Spring. This outcome may well be 
E| Teounecroeoess caused by unpredictable patterns of supply by 
ala | the small, northern celery suppliers during these 
3 months. Efficient arbitrage during winter—spring 
ea yl eS QSxrSghoFem months is likely simplified by the presence of a 
EB] ¥accndodddcren single main competitor, Florida, with a coor- 
= = pig dinated marketing mechanism. In particular, 
Florida supphes likely are easier to predict and 
g| MauSySeotzrSon monitor than supplies from the small northern 
E| ia Od Ng oSSdSNdaR producers, ard, as noted, through the substitute 
vl ola = iA relationship, Florida shipments may be quite ef- 
SD} a fective in eliminating gluts or shortages for Cal- 
a a 
E| £ Fe E et ifornia cele 
| 6 D| SHR SAGARSaR Also ecu to note is that the estimated 
a WODAMTOMOMNS 00 & 
= O i i ail ae S <+ transactions costs, T. are not consistently higher 
= = 
D l in the summer and fall despite generally higher 
= ee ee truck shipmeat charges during these months. In 
Q y RAASRRSRSRSZS fact, in three >f the five cases the estimated win- 
= JE mQ@moevcoece°sseg ter—spring margin was higher, indicating that 
u| gja l other comporents of the margin rise in the win- 
= S ter and spring to offset lower truck rates. 
Sa Pa aiins oo A, A 
Ol gla SH XR KSSRSARS 
kI “Al EB) mArganoroeoc er 
aS) 2 he Florida Celery 
A 
% . . 
a a ET The results from estimation of the arbitrage model 
z wl AMO mMDATO mM i ; ; 
= Snntnateo ian for Florida celery in table 3 must be interpreted 
+= z NOWOVUnrTWONS CRSA ‘ s ; 
g| 2/5 N ae Ino cautiously bezause of the market power consid- 
| a~ | erations discussed above. The probabilities 1 — 
S| § Âi — A, are very similar for all of the Florida 
2 Se a 
E| Blul nQaeGuGs lu Fam markets analwzed, ranging from 0.35 to 0.44. 
ai oS] MHANRT ANNAN ; it i difficul id f : 
be S ADSOANMSOASOHONRS g However, it 5 1 icult to provide a irm inter- 
A ei S ma é 4 pretation of his result. If Florida acted as a 
= A : competitor in these markets and engaged in FOB 
g 8 Za pricing, the relatively low values for 1 — A, — 
S A F A, would indicate a failure on Florida’s part to 
wa) Ẹ z S P 
56 26 _ 
al i E k Cet E "4 Likelihood rato tests were used to test the hypothesis of no 
a O w 4 z E seasonal structural :hange. The values of the test statistic were San 
2 <H G8) 2 Francisco: 3.54, Chicago: 6.82, and Boston: 119.96. The pooled 
R es ab 1 $8 2 a 3 © model in table 1 imposes 5 restrictions and x¥$o0; = 11.1. Thus, 
= f b E R = On| = we reject formally -he hypothesis of no seasonal structural change 


for Boston but not for Chicago or San Francisco. (Similar tests 
were not performed for Los Angeles and New York because in each 
case the nonnegativity constraint A; = 0 was binding for A; in the 
summer—fall model.) 
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Table 3. Parameter Estimates for Florida Celery Arbitrage 


Chicago 
T 4.58 
(14.79)° 
a, 0.37 
(2.01) 
T; 2.89 
(2.86) 
Ay 0.06 
(0.98) 
Àa 0.57 
(2.34) 
I-A 0.37 
Log likelihood —81.53 
Observations 48 
T as % of mean price 41 


* ¢-statistics are in parentheses. 


engage in efficient arbitrage despite its coordi- 
nated marketing mechanism. However, the re- 
sult could also reflect dynamics in the price dis- 
crimination equilibrium (10). The price mark-up 
term, M; in equation (11) may change from pe- 
riod to period in response to variations in Flor- 
ida’s residual demand elasticity caused by 
changes in competing supplies. 

Florida is a minor supplier in the Chicago cel- 
ery market, with an average 2.4% share over 
1985—88. The 7" for Chicago in table 3 is com- 
paratively high, as was true for California ship- 
ments. Florida is a more significant player in the 
Boston and New York markets with 26.8% and 
17.8%, respectively, of total fresh market sales 
during the 1985—1988 period of analysis. The 
Î' for these geographically proximate terminals 
are similar, $2.33 and $1.93 for Boston and New 
York, respectively. 

The most interesting facet of the Florida anal- 
ysis is comparison of the Boston, New York, 
and Atlanta markets. Florida is the dominant 
seller in Atlanta during the winter. In fact, dur- 
ing some weeks, few, if any, California ship- 
ments occur. Although Boston (New York) is 
roughly 850 (650) miles farther from the Florida 
producing regions than Atlanta, our estimates of 
the Ty indicate that the margin per crate was 
actually $0.43 less for Boston and $0.83 less for 
New York than Atlanta. This result is evidence 
that Florida is employing a discriminating spa- 
tial pricing system of the type described previ- 
ously. Per crate truck shipment rates for celery 
gathered by the USDA AMS further document 
this result. These rates were not available for 
Boston, but the average over 1985—88 was $2.54 
for New York and $1.06 for Atlanta. Truck 
shipment rates represent only a portion of the 


Boston New York Atlanta 
2.33 1.93 2.76 
(14.45) (8.84) (19.74) 
0.30 0.42 0.16 
(2.59) (1.24) (1.89) 
2.10 2.83 1.89 
(3.83) (2.98) (4.57) 
0.23 0.49 0.16 
(2.21) (3.35) (2.61) 
0.33 0.07 0.49 
(2.94) (0.57) (3.82) 
0.44 0.44 0.35 
—173.21 —99.21 — 170.82 
111 61 116 
25 20 i 29 


transactions costs involved in marketing celery. 
They clearly suggest, however, a significant 
markup above competitive FOB prices in At- 
lanta and a healthy amount of freight absorption 
in New York, just as the relevant spatial theory 
(Greenhut, Norman, and Hung; Faminow and 
Benson) predicts. 


Some Dynamics 


Because of the concerns about short- versus long- 
run equilibrium in arbitrage (Ravallion, Good- 
win and Schroeder, Goodwin, Grennes, and 
Wohlgenant), the extended SH arbitrage model 
for California celery was reestimated for alter- 
native formulations of the arbitrage condition. 
Whereas the prototype model in (8) assumes that 
integration between contemporaneous FOB and 
terminal prices is the relevant equilibrium con- 
cept, alternative formulations may be based on 
lagged price relationships as suggested by 
Goodwin, Grennes, and Wohleganant. 

A price determination process whereby the law 
of one price may emerge for lagged prices can 
be motivated as follows: California FOB prices 
are based on current supply and demand con- 
ditions facing shippers. This demand, in turn, is 
derived from retailers’ demands and demands in ` 
the terminals markets. No single terminal is apt 
to be large enough to have a significant influ- 
ence on the FOB prices. Weekly terminal 
wholesale prices are based on supply-demand 
conditions in that market. When, for example, 
P,> Pc: tTa a profit opportunity for ship- 
ments to market i is signalled if shipments occur 
instantaneously. The same market signal is re- 
ceived when shipments occur only with a time 
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lag if the contemporaneous price is used as the 
expected future price, i.e., E,[P!,,] = Pi.” 

If shipments arrive with, say, aj period lag, 
the relevant integration condition is between 
Pc, and Pi,,;. j- Given the speed of transcontinental 
truck shipments, the longest feasible lag to con- 
sider for celery is one week. To test. for lagged 
price integration, the extended SH arbitrage 
model was reformulated and estimated by alter- 
natively substituting Pi, or (Pi + P',,)/2 for 
P everywhere i in (8) and redefining Y, accord- 
ingly i in specifying the fi. 

Results from estimating these models are pro- 
vided in table 4 where the models based on 

+) and (P; + Pi.;)/2 are denoted as the 
“lagged” model and “average” model, respec- 
tively. Results for the prototype model (8) (table 
1) based on contemporaneous prices are in- 
cluded for comparison.’ 

The table shows that the probability, 1 — A, 
— A,, of observing binding arbitrage in the Los 
Angeles and San Francisco terminals is similar 
across the three arbitrage conditions. This result 
is again consistent with their proximity to the 
production region. However, the probability of 
observing the Jagged arbitrage regime, Pi, — 
Pc, = T; + vp is greater in each of the eastern 
and midwestern markets than is the probability 
of observing contemporaneous arbitrage, P; — 
Por =T, + v, This result provides some sup- 
port for the hypothesis of lagged adjustment to 
market conditions as distance from the produc- 
ing to the consuming region increases. The 
probability of observing the “average” relation- 
ship, (P? + Pi,,)/2 — pe, = Ti + vi, is even 
greater in these three terminals. 

Further information on the dynamics of price 
response in this market is obtained by compar- 
ing the log likelihood values in the table. For 
this purpose the contemporaneous integration 
model was reestimated to reflect observations 
lost in the lagging process (n = 207 vs. n = 
209). This likelihood value is denoted as the 
“comparison likelihood” in the table.'’ The log 
likelihood is greatest for the contemporaneous 
integration model for both Los Angeles and San 
Francisco, but the model using the average of 
P; and P}.; generates the greatest log likelihood 


'S This formulation is merely the condition that celery prices are 
martingales (Alchian), i.e., the mathematical expectation of the fu- 
ture price is the current price. 

16 Atlanta was not included in this analysis because the periodic 
absence of California prices made it difficult to handle the lags. 

17 Results tor the contemporaneous integration model for n = 209 
and n = 207 are nearly identical; hence, only the n = 209 results 
are reported. 
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New York 


Boston 


Chicago 


San Francisco 


Los Angeles 


Contemp- 


Orancous 


Contemp- 


Contemp- 


Contemp- 


Contemp- 
oraneous 


Lagged 


Average 


Lagged oranenis Average. Lagged orancous Average Lagecd i aleuUs Average Lagged 


Average 


4.40 
{18.27} 
1,27 
(4.31) 
5.66 
(4.89) 
0.55 
(3.85) 
0.02 
(0.87) 
0.43 
—415.41 


267 


4.70 
(18.06) 
0.99 
(1.27) 
2.39 
(3.29) 
0.45 
(2.23) 
0.00 
{8.00} 
0.55 


~ 363.15 
207 


4.53 
(11.02) 
1.05 
(3.24) 
3.53 
(4.46) 
0.61 
(2.46) 
0.03 
(0.95) 
0.36 


—391.90 


5.56 
(3.69) 
1.74 
(6.12) 
9,33 
(2.02) 
0.13 
(1.61) 
0.02 
(0.88) 
0.85 


~ 395.77 


207 


5.64 


(55.53) 


4.84 
(5.82) 
0.87 
(2.14) 
2,65 
(2.42) 
0.78 
(1.69) 
0.04 
{0.63) 
0.28 

373.22 


209 


5.65 
(41.15) 


5.82 
{47.41} 


5.45 
(1.86) 
0.33 
(1.68) 


2.23 


3.81 
(27.09) 
2.55 
(6.62) 
17.33 
(2.06) 
0.09 
(1.59) 
0.04 
(1.22) 
0.89 


—437.20 


207 


3.81 
{28.02} 


3.83 
{32.66} 


2.13 
(8.29) 
1.93 
(2.81) 
7.74 
(2.33) 
0.22 
(1.33) 
0.06 
(0.98) 
0.72 


— 427.94. 
207 


2.28 


(14.86) 


2.35 


(28.28) 


1,58 
(5.06) 
3.88 
(1.20) 
0.08 
(0.83) 
0.00 
(0.00) 
0.92 


—358.26 


207 


1.18 
(6.23) 
7.57 
(2.80) 
0.16 
(1.95) 
0.07 
(1.79) 


0.77 


= 386.16 


207 


1.41 
(5.51) 
5,53 
(1.33) 
0.05 
(9.70) 
0.05 
(0.95) 


0.90 
—357.60 
207 


1.46 
(5.36) 
7.81 
(2.05) 
0.12 
(1.40) 
0.03 
(8.94) 
0.85 


—380.13 


207 


1.28 
(5.39) 
7.97 
(2.29) 
0.12 
(1.80) 
0.05 
(1.27) 
0.83 


379.47 


0.68 
(3.14) 
3.71 
(3.44) 
0.25 
(1.96) 
0.12 
(2,14) 
0.63 
351.98 
207 


0.62 
(5.28) 
3.94 
(3.52) 
0.15 
(2.27} 
0.09 


(16,12) 


(5.61) 
0.55 
(3,69) 
0.26 
(2.60) 
0.19 


367.42 


209 


A; 
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76 


—323.44 


0. 
209 


I~ A; ~— Ag 


Log likelihood 
Observations 


Comparison 


likelihood 


—320.64 328.64 —320.64 376.21 —376.21, —376.21 -364.65 —-364.65 ~364.65 ~370.15 —370.15 370.15 —386.00 — 386.00 —386.00 


(z = 207) 
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Table 5. Parameter Estimates for Price Premium Model 





Chicago Boston Atlanta New York 
a 0.76 2.90 2.57 2.31 
(1.24)* (4.70) (2.84) (9.42) 
on 0.34 0.47 0.56 0.04 
(0.42) (1.21) (0.61) (0.09) 
T; 1.66 1.53 2.01 3.65 
(2.04) (2.04) (2.03) (7.80) 
A, 0.71 0.39 0.57 0.45 
(1.84) (1.56) (1.18) (4.61) 
As 0.29 0.60 0.42 0.55 
(1.12) (2.07) (1.13) (4.84) 
L= AmA 0.00 0.01 0.01 6.00 
Log likelihood —89.63. — 208.48 — 124.56 —195.76 
Observations 53 119 66 63 


* t-statistics are in parentheses. 


in the midwestern and eastern terminals. These 
results thus provide support for an arbitrage model 
based on contemporaneous prices in terminals 
near the producing area and on a short lagged 
price relationship elsewhere. 


Price Premia Results 


The final aspect of the empirical analysis in- 
volved direct comparison of California and Flor- 
ida celery prices in the various terminal mar- 
kets. The results from estimation of the price 
premium model (13) are provided in table 5. The 
estimated price premia, @', are similar for the 
Atlanta, Boston, and New York markets, rang- 
ing from $2.31 to $2.90 per crate. The â' is much 
lower, $0.76, in Chicago, but its t-statistic in- 
dicates that this coefficient was estimated im- 
precisely. 

The most interesting facet of this analysis is 
that the estimated probability, 1 — A, — Âz, of 
observing a stable price premium is nearly zero 
in each of the markets. It bears repeating that if 
buyers viewed California and Florida celery as 
perfect substitutes subject to a price premium, 
then buyer arbitrage should ensure that prices 
diverge by exactly the premium whenever prod- 
uct from both states is available. Thus, the con- 
clusion is that buyers do not view California and 
Florida celery as perfect substitutes, and their 
price difference is free to vary somewhat above 
or below the estimated premium in response to 
market conditions. 


Conclusions 


This paper has extended Spiller and Huang’s 
methodology to test market integration and ap- 


plied it in an agricultural markets setting. One 
extension was to regions known to be linked in 
trade, specifically the common situation in ag- 
riculture of one or a few localized production 
areas. When perfect competition in product al- 
location and FOB pricing can be safely as- 
sumed, this extended model allows for tests of 
three regimes: (a) efficient arbitrage (i.e., the 
law of one price), (b) relative shortage, and (c) 
relative glut. A second extension enabled lim- 
ited testing of products’ substitutability in de- 
mand. 

Results from application of the extended 
models to celery marketing indicated that Cali- 
fornia shipments to out-of-state markets in nearly 
all cases departed with significant probability 
from the efficient arbitrage condition. However, 
no evidence was found to support the hypoth- 
esized eastern market glut scenario. The prob- 
ability of binding arbitrage did increase sub- 
stantially with the introduction of lags associated 
with physical transfer of the product from Cal- 
ifornia to distant markets. A seasonal pattern in 
California marketing efficiency was detected in 
midwestern and eastern terminals, with efficient 
arbitrage apparently made easier in winter—spring 
months by the presence of a single main com- 
petitor, Florida, versus many small northern ri- 
vals in the summer—fall months. 

Interpretation of results from analysis of Flor- 
ida celery was difficult because of concerns that 
Florida may practice spatial price discrimina- 
tion. Comparison of results for the various ter- 
minals tended to support the position that Flor- 
ida charges prices well above the FOB level in 
the nearby Atlanta market and absorbs some 
portion of freight charges in New York. The 
Florida results highlight that the failure to ob- 
serve binding arbitrage across pairs of markets 
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may be due to autarkic markets, inefficient ar- 
bitrage, or imperfect competition. Unless it is 
possible to rule out some of these consider- 
ations, it will be very difficult to offer a single 
explanation for a failure to observe the law of 
one price. 

The methodology illustrated in this paper is 
parsimonious in its data requirements, needing 
only time-series price data for alternative cities, 
regions, countries, or product forms. Yet, by 
exploiting the flexibility of the approach and the 
available economic theory concerning the un- 
derlying market structure, evidence may be gen- 
erated on a number of market parameters in- 
cluding market integration, arbitrage efficiency, 
magnitude of marketing margins, product sub- 
stitutability, and competitiveness of markets. 

In many cases more detailed information will 
be needed than can be provided by an approach 
that relies solely on price data. Of course, the 
downside to detailed structural market models is 
their demands on data, which often compel un- 
desirable levels of aggregation and use of du- 
bious proxies for otherwise unmeasurable vari- 
ables. 


[Received May 1990; final revision received 
October 1990.] 
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An Empirical Analysis of Economic 
Performance Under the Marketing 


Order for Raisins 


Ben C. French and Carole Frank Nuckton 


This study utilizes a dynamic econometric model of the California raisin industry to 
compare predictions of prices, production, profits, and related measures under the 
volume control program with predictions under several no-control scenarios. The 
outcomes are evaluated in relation to performance criteria proposed by a USDA study 
team. The twenty-two-year comparisons suggest that the public interest may have been 
well served by the raisin volume control program, or at worst there was no significant 


welfare loss. 


Key words: econometric model, marketing order, raisins. 


Marketing order programs that control the quan- 
tity of a product marketed have been authorized 
for a number of fruit and vegetable commodities 
as a means of mitigating the negative effects of 
variable supply and demand on returns to pro- 
ducers. Although there have been some theo- 
retical analyses of the price stabilization aspects 
of such controls and a few empirical studies, 
views on applicable performance criteria differ 
and empirical measurement of social welfare in- 
dicators has proved quite difficult (Heifner et al.; 
Armbruster and Jesse; U.S. GAO; Jesse; French 
1982, 1988). 

The California raisin industry has had a fed- 
erally authorized volume control program in ef- 
fect since 1949. Under this program, the indus- 
try is permitted to set aside a portion of the crop 


in a reserve pool. Raisins in the reserve pool © 


may be returned to commercial sales when mar- 
ket conditions are favorable or disposed of in 
noncompetitive outlets such as government pur- 
chases for school lunches, sales for alcohol 
manufacture and cattle feed, and donations to 
charity. Some reserve pool raisins have been ex- 
ported at prices competitive with world prices 
but below those on the domestic market. Sig- 
nificant quantities of raisins have been allocated 
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to reserve pools in all years except when supply 
was low relative to demand. 

The objective of this study is to provide evi- 
dence as to possible differences in the behavior 
of prices, profits, production, and related mea- 
sures of raisin industry performance in the ab- 
sence of the volume control program. If the vol- 
ume control provisions of the marketing order 
were terminated, grower and consumer prices 
would be expected to be more variable over time 
and lower in the short run. Some of the burden 
of inventories likely would transfer to packers. 
However, with delayed production response 
feeding back through plantings and removals, 
the pattern of outcomes over a period of years 
is not obvious, hence the need for dynamic em- 
pirical analysis. While the findings of the study 
are specific to the raisin marketing order, the 
modeling approach may be of general interest, 
and the conclusions may be relevant to the eval- 
uation of similar types of controls for other 
commodities. 

The study procedure is to utilize an econo- 
metric model of the raisin industry system to 
generate and compare historical predictions of 
prices, outputs, and returns under the control 
program with predictions of the model modified 
to reflect likely conditions without volume con- 
trols in effect.’ The approach is a modification 


' The historical approach has an advantage over a forward anal- 
ysis in that random elements such as yields and estimated stochastic 
disturbances are known. In a forward analysis, yield fluctuations 
and other disturbances would have to be generated from the vari- 
ance-covariance structure of the model by repeated runs. 
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and extension of previous studies of the effects 
of eliminating marketing order controls affect- 
ing annua! volumes of fresh lemons (French and 
Bressler; Kinney et al.), fresh oranges (Thor and 
Jesse}, and cling peaches (Minami, French, and 
King). A problem encountered in all of these 
studies was that because the control provisions 
were :n effect throughout the period of available 
data, possible differences in equation parame- 
ters without the marketing order could not be 
determined (the well-known Lucas critique). 
Although the problem was recognized, none of 
the studies attempted to overcome it, and Kin- 
ney et al. made only qualitative evaluations. 

A similar problem was encountered in study- 
ing the raisin industry’s volume control pro- 
gram. The method of dealing with the Lucas 
criticism was to specify several alternative sce- 
narios which involve plausible changes in equa- 
tion parameters without the reserve pool provi- 
sion of the raisin marketing order. For example, 
a study by French and King (FK 1988) of the 
effects on planting response of terminating the 
cling peach volume program in 1972 provides a 
basis for specifying possible changes in the raisin 
grape planting response. 

In comparing economic performance under the 
volume control program with performance un- 
der the no-control scenarios, all exogenous vari- 
ables and equation parameters remain the same 
except for those associated with elimination of 
volume control. To take account of the random 
fluctuations in supply and demand which mo- 
tivated the establishment of the reserve pool 
program, the estimated disturbances of the sto- 
chastic equations and actual yield variations are 
retained as exogenous variables in the various 
simulation runs. 

Because of difficulties in developing mean- 
ingful empirical measures of conventional social 
welfare indicators, the findings are evaluated in 
relation to six of seven performance criteria pro- 
posed by an independent marketing order study 
team appointed by the U.S. Department of Ag- 
riculture (Polopolus et al.). To meet public in- 
terest requirements, the study team proposed that 
a volume control program should not (a) permit 
farmers to earn persistent above normal profits, 
(b) increase price variability and uncertainty, (c) 
impose disproportionate burdens on particular 
classes of growers or handlers, (d) contribute to 
chronic surpluses, (e) result in a waste of re- 
sources, (f) reduce net revenues to producers, 
and (g) result in consumer prices persistently 
higher than justified by costs including a normal 
profit. Results of our analysis allow evaluation 
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of the raisin marketing order volume control 
provision under (a), (b), and (d)—-(g) of these 
criteria. | 


The Historical Model 


Most raisin-grape production is from Thompson 
seedless grepes and most of the raisin crop is 
sun dried and is referred to as natural Thompson 
seedless raisins (NTS). The econometric model 
of the NTS industry is a slightly revised version 
of one by Nuckton, French, and King (NFK).’ 
The model groups the economic activities of the 
industry into four blocks: (1) growers’ raisin- 
grape vine planting and removal decisions and 
the resulting bearing acreage and raisin-grape 
production; (2) growers’ allocation of raisin-grape 
production b2tween drying and crushing for wine; 
(3) the Raisin Administrative Committee’s (RAC) 
decision rules allocating NTS production be- 
tween free and reserve tonnage and the deter- 
mination of the outcome of bargaining between 
independent Dackers (not associated with the large 
grower cooperative) and the growers’ Raisin 
Bargaining Association (RBA) for the field price 
for free raisin tonnage; and (4) domestic and 
foreign demand functions, packer pricing and 
inventory decisions, and the RAC’s establish- 
ment of an export price for reserve pool quan- 
tities. The model is simultaneous within blocks 
2, 3, and 4; but, since block solutions are de- 
termined secuentially within a crop year, it is 
recursive among blocks. 

Model equations were estimated with data from 
1963-83. Out-of-sample projections for 1984 
and 1985, reported in NFK, were generally within 
95% confidence intervals except for predictions 
of domestic ulk raisin sales (OB) and sales to 
the United Kingdom and Scandinavia, which 
were underpredicted. The deviations between 
actual and predicted values were entered exog- 
enously in the simulations so any structural 
change that may have occurred in 1985 and 1985 
would have ttle effect on the comparative sim- 
ulations. A brief explanation of the model spec- 
ifications, estimation procedures, and empirical 
results follows. 


? The main revisions are in the raisin-grape planting and removal 
equations where an improved measure of grower returns is used 
and in the reportec beginning stock equation where a revised mea- 
sure of total product movement is used. Also, some typographical 
errors in table 3 o7 NFK (not contained in their simulations) were 
corrected. The NFX simulations explored the effects of the export 
incentive program and changes in exchange rates, tariffs, produc- 
tion costs, and pcpulation. They did not consider the effects of 
terminating the voume control program. 


French and Nuckton 


Block 1. Production of Raisin-Type Grapes 


Annual production of raisin-type grapes is de- 
termined by bearing acres and yield, with yield 
treated as an exogenous variable. Bearing acres 
in t are determined by the identity, BA, = BA,- 
+ PL,- — R,.; where BA is bearing acres, PL 
is plantings, and R is acres removed. 

The model for estimating planting and re- 
moval functions was adapted from French, King, 
and Minami and FK 1988. Plantings are a func- 
tion of existing acreage, less any removals, and 
grower projections of net returns over the ex- 
pected life of the vines. Expected long-run re- 
turns are modeled as a function of past prices 
less unit costs. Young acreage, a significant fac- 
tor affecting future industry supply expectations 
for peaches, was not significant for raisins be- 
cause the productive life of grape vines far ex- 
ceeds that of peach trees. Measures of variabil- 
ity of past profits were not significant predictors 
in the plantings equations for either raisin grapes 
or peaches. 

Acreage removed from production each year 
is determined mainly by declining productivity 
associated with biological factors but is also af- 
fected by growers’ expected returns. If growers 
expect favorable returns the next year, they may 
retain some marginal vineyards another year, 
decreasing removals, and vice versa. Profit ex- 
pectations for year ¢ are related to recent profit 
experience; however, the expectations horizon 
is shorter than for planting decisions. 

Ordinary least square estimates of the plant- 
ing and removal functions are (values in par- 
enthesis are ¢-statistics; d is the Durbin-Watson 
Statistic): 


plantings (R° = .83, d = 1.78) 


(1) PL,/(TA — R), = .01211 
(7.59) 
+ ,000979 NGD3,..,, 
(9.55) 


removals (R* = .29, d = 1.59) 


(2) R,/BA,.; = .01702 — .000329 NGD2,..,, 
(8.50) (~2.79) 


where TA is total acres and NGD is grower net 
return for raisin-type grapes dried and crushed 
(prices less unit costs), deflated by the gross na- 
tional product deflator (GNPD). Averages over 


3 A very small proportion of plantings may be removed before 
reaching bearing age, but for simplicity this is assumed to be zero. 
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three-year (VGD3) and two-year (NGD2) pe- 
riods were the best predictors among alternative 
lag specifications. The low R? value for the re- 
moval equation and the high significance of the 
intercept reflect the dominance of nonprice fac- 
tors in removal decisions. 


Block 2. Allocation of Raisin-Type Grapes 


Raisin grapes are utilized for drying (1963-85 
average = 52.8%), crushing (34.9%), canning 
(2.5%), and selling fresh (9.8%). Cultural prac- 
tices for fresh market grapes restrict switching 
between raisins and fresh sales in the short run 
and the minor sales for canning could not be 
modeled separately. Fresh market production 
(QF) and sales for canning (QCAN) were treated 
as exogenous with the balance of production (Q) 
allocated endogenously between drying (QR) and 
crushing (QC). 

At the time growers make their allocation de- 
cisions, the demand for raisin grapes to crush is 
known but that for raisins is not. In a purely 
competitive environment, growers would allo- 
cate Q so as to achieve equivalent expected net 
returns in both outlets, given the observed de- 
mand for grapes crushed and the projected de- 
mand for raisins. The static competitive (re- 
duced-form) solution would express QR as a 
function of Q, the demand shifters for grapes 
crushed, and the expected values of demand 
shifters for raisins. However, because of the re- 
serve pool operations of the marketing order and 
the bargaining activities of the RBA, prices re- 
ceived by growers for grapes dried (PGRD) have 
often exceeded the crush price (PGCD) by sub- 
stantially more than would be expected based on 
differences in costs. Hence, the competitive al- 
location model seems inappropriate. 

An alternative procedure is to view the allo- 
cation process as a conditional supply relation- 
ship. The quantity of raisin grapes converted to 
raisins (QR) is expressed as a function of Q, net 
return to crush, expected net return to grapes 
dried, and a lagged value of QR reflecting a par- 
tial adjustment process. 

In forming their expectations of returns from 
raisin production, growers are assumed to be 
forward looking, giving consideration to ex- 
pected supply and market conditions. However, 
because of difficulties in forecasting the out- 
comes of RAC and RBA actions and domestic 
and world demand for raisins, the dominant fac- 
tors affecting expected net returns for raisins ap- 
pear to be the size of the raisin grape crop avail- 
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able for crushing and drying (Q) and recent profit 
experience. For the latter, a three-year average 
of past net grower returns (deflated) per ton of 
grapes dried (RRD3) was the best predictor 
among alternatives considered. 

The demand for raisin grapes crushed is in- 
fluenced by a number of factors not of direct 
interest in this study, other than to account for 
their aggregate effects on the price of raisin grapes 
crushed. Therefore, our estimate of the deriva- 
tive of the grower crush price (PGCD) with re- 
spect to quantity of raisin grapes crushed (QC) 
was obtained from an econometric study of the 
wine industry by Wohlgenant. The variations in 
the wine price unexplained by the Wohlgenant 
coefficient enter the model as exogenous dis- 
turbances. 

To account for simultaneity, the allocation-to- 
dry equation was estimated by instrumental 
variables where the instruments are the prede- 
termined variables Q,, RRD3,_,, OC,-1, OR,-1, 
GCWD,, PGCD,_,, and a constant. GCWD is a 
measure of deflated cost per ton to produce raisin 
grapes for crush, and other variables are as de- 
fined above. The empirically estimated alloca- 
tion system is (f-statistics in parentheses) as fol- 
lows: 


Raisin allocation (R* = .89, Durbin h = .638) 
(3) 


OR = —444,439 + .6037 Q, + 2178.9 RRD3,_, 


(-1.60) (4.45) (1.81) 


Crush demand 


(4) 
PGCD, = PGCD,.., — .000045(QC, — QC,-.). 


Crush allocation 


(i) OC = QO — OR. 


Block 3. Allocation and Pricing of NTS 
Deliveries 


The quantity of NTS raisins delivered (DEL) is 
obtained by multiplying QR, determined in block 
2, by a conversion factor. The RAC allocates 
DEL between “free” tonnage (QFR) and a re- 
serve pool (RES).* In short-crop years, all pro- 
duction may be declared free. The marketing or- 


4 Besides the initial RAC free tonnage declaration, packers may 
purchase additional tonnage from the reserve pool as the marketing 
year progresses, for which they pay the free tonnage price plus 
interest and storage charges. The variable QFR is defined to include 
both the RAC initial declaration and additional purchases. 
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der lists several factors to be considered by the 
RAC in establishing QFR (NFK, p. 13). Sig- 
nificant predictors of the RAC free tonnage de- 
cisions are, on the supply side, deliveries (DEL) 
plus stocks carried in from the previous year in 
the reserve pool (CJ) and in the hands of packers 
(SP); on the demand side, previous year packer 
price for raisins (PD), domestic movement (QD), 
and a variable (X) to account for a shift in the 
perception of the export market beginning in 
1977. Before 1977, raisin exports were regarded 
primarily as distress sales from the reserve pool 
(except in short-crop years). With the strength- 
ening of export markets in the mid-1970s, the 
RAC shifted its policy to view exports as free 
tonnage to be sold in regular channels. This shift 
is modeled by assigning X a value of zero before 
1977; the value of lagged total exports (QXT,_,) 
was used thereafter. 

The price packers pay growers for free ton- 
nage is determined by the bargaining process 
between independent (non-co-op) packers and 
the grower RBA. The bargaining structure sug- 
gests that a competitive farm-leve] demand 
function may not be defined and unique market 
equilibrium solutions may not exist. However, 
following French (1987), consistent predictions 
of the (deflated) price eoutcomes of the bar- 
gaining process (PFD) are obtained with a func- 


— 4791.4 (PGCD — GCWD),+0.2623 OR,-,. 
(—1.99) (2.06) 


tion that includes essentially the same explana- 
tory variables as would be contained in a 
competitive grower-level raw product demand 
function: (a) the free tonnage quantity (QFR) and 
(b) expected packer net returns in the forthcom- 
ing market year, determined primarily by lagged 
FOB prices and costs, total carryover stocks, and 
the variable X to account for the policy shift about 
exports. 

Because of (mostly small) inconsistencies in 
the reports of packer carryin stocks (SP), the 
identity which relates actual carryin stocks to the 
previous vear’s beginning stocks plus quantity 
packed less sales is replaced by a stochastic 
equation in the same variables. This equation 
predicts reported free carryin stocks in the hands 
of packers. Reported stocks enter the informa- 
tion set in place of actual but unobserved stocks. 

The stochastic equations plus key identities 
which complete block 3 are as follows (¢-statis- 
tics in parentheses): 


Reported stocks (R? = .97, Durbin h = —.265) 
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(5) SP,= —5873.1 + .904QFR,-, +.923 SP,-;—  .848 (QP + QB + QXF).ı. 
(—1.30) (11.85) (13.21) (7.58) 


Free tonnage (R? = .85, d = 2.02) 


(6) OFR,= —34,531 


(—.76) (2.98) 


+ 39.84 PD,- + 


78 (QP, + QB),-1 
(2.02) 


— 1.92 SP, 
(—4.05) 


+ 40 DEL + CD,+ 1.59 X,. 


(6.38) 
Free tonnage price (R? = .79, d = 2.07) 


.431 (PD — APCD),_; 


(3.89) 


— 1,00 (QFR/N), 
(—4.94) 


— .19 (SU — QFR),/N, + .0064 X.. 


(7) PFD, = 890.52 + 
(7.77) (4.15) 
(—1.40) 
Reserve carryover 
(ii) 
CI, = DEL,- + CI- — QFR,-, 
— QXR,_, — OT,-). 
Total supply 


(iii) SU,= DEL, + SP, + Cl,. 
Reserve pool quantity 
(iv) RES, = DEL, + CI, — QFR,, 


where variables not otherwise identified are OP - 


and QB, sales in the domestic market (U.S. plus 
Canada) in package and bulk forms, respec- 
tively; OXF, free tonnage exports; QXR, reserve 
pool exports; PD, the weighted average price 
for QP and QB sales (deflated by GNPD); APCD, 
the deflated weighted average processing cost 
per unit for QP and QB; N, U.S. plus Canadian 
population; and OT, reserve pool quantity dis- 
posed of in other (noncommercial) uses. 

Equation (5) was estimated by ordinary least 
squares. Because the RAC establishes QFR be- 
fore the grower price (PFD) is bargained for, 
OFR enters (7) recursively. Equations (6) and 
(7) were estimated as seemingly unrelated 
regressions because of likely contemporary cor- 
relation of the disturbances. 


Block 4. Processed Product Pricing and . 
Demand | 


Following French and King (1986), packers are 
viewed as price setters where the FOB price of 
raisins is set to cover processing plus raw prod- 
uct cost, with further adjustment based on cur- 
rent market conditions, primarily in the domes- 
tic market (evidence of such pricing behavior is 


(4.67) 


provided in NFK, p. 16). Quantities not sold 
at the offered price are carried to the next season 
[reported stocks are predicted by equation (5) in 
block 3]. | 

The price packers set for exports has varied 
over time according to the export policy adopted 
by the RAC. In periods of no exports from the 
reserve pool (1977—80 and short-crop years), the 
export price was the same as the FOB domestic 
packer price for bulk raisins (PB) since most ex- 
ports are in-bulk form. During the periods 1963- 
76 and 1981—85, excluding years with no re- 
serve pool, the RAC sold reserve pool raisins to 
packers for export at prices such that the weighted 
average undeflated export price to growers for 
free and reserve pool exports (PGX) was less 
than the free tonnage price in nominal dollars 
(PF); in other years PGX = PF. PGX was found 
to be closely related to the dollar price for Greek 
raisins in the United Kingdom (an indicator of 
the world price level for raisins) and the supply 
of raisins divided by N. The undeflated packer 
export price (PX) is PGX plus the nominal 
packer-grower margin for domestic bulk raisins 
(PB-PF). 

The price of U.S. raisins in each importing 
country was computed by adding a transfer cost 
to PX, then multiplying by the ad valorem duty 
charged in that country and the U.S. exchange 
rate with that country, and deflating by that 
country’s CPI. Each foreign market demand 
function was expressed with per capita sales of 
U.S. raisins in country J, QC(/), as a function 
of the deflated price of U.S. raisins in J, the 
price of competing raisins in Z and the per capita 
deflated income in /. 

The price establishment equations, the do- 
mestic and foreign demand functions, and the 
identities and technical relations required to 
complete the model form a large simultaneous 
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system in which the predetermined and exoge- 
nous variables exceed the number of observa- 
tions. To deal with this undersize sample prob- 
lem, the system was divided into two somewhat 
recursive sub-blocks. Because the FOB price for 
bulk raisins (PB) is dominantly influenced by 
variables within the domestic sub-block, it was 
treated as predetermined with respect to the ex- 
port sector. The domestic sub-block was esti- 
mated by three-stage least squares. In the export 
block, the PGX equation and the foreign de- 
mand equations were estimated as seemingly 
unrelated regressions. The estimation results are 
as follows (D appended to price variables in- 
dicates deflated value): 

Domestic Price Setting and Demand System 
Package price (R? = .96, d = 1.60) 


(8) 
(5.11) 


.96, d = 2.25) 


(21.06) 
Bulk price (R? = 
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(v) PX, = PGX, + (PB — PF), 
foreign ma-ket price 7 = UK, WG, N, S, J) 


(vi)  PUDD, = [PX, + TUQ): DQ), 
E(D, / CPI), 


United Kingdom (UK) per capita demand (R? = 
54, d = 2.04) 


(13) @CUK, = 525.56 — .318 PUUKD, 
(7.22) (-—3.11) 
4 195 PGUKD — .655 EUKD,. 
(1.03) (—5.30) 


West Germeny (WG) per capita demand (R? = 
59, d = 1.37) 


PPD, = —458.29 + 1.33. (PCPD + PFD), — 1148.3 (QP/SU). 


(3.99) 


(9) PBD, = —607.10 + 1.12 (PCBD + PFD), + 1620.3 (OP/SY). 
(—7.51) (0.19) (6.17) 

Package per capita demand (R? = .72, d = 2.28) 

(10) (OP/N), = 102.93 - .077 PPD, + 1.161 PSUBD,— .0047 EUD,. 
(3.05) (—6.31) (5.17) (—0.43) 

Bulk per capita demand (R? = .50, d = 1.29) 

(11) (OB/N), = 289.57 — .073 PBD,— .530 PCIMD,+ .024 EUD,, 


(3.78) (—4.32) 


where variables not otherwise identified are 
PCPD and PCBD, per unit processing costs for 
raisins in package and bulk form; PSUBD and 
PCOMD, price indexes for substitutes and com- 
plements, respectively (see NFK for further de- 
velopment and interpretation); and EUD,, U.S. 
per capita deflated personal consumption expen- 
ditures.° 


Export Sector 
Grower average export price per ton (R° = .92, 
d = 2.13) 
(12) PGX,= 196.25 + 1.007 PGR, 
(1.29) (15.40) 
— 291 (SU/N), 


. (—2.29) 
packer export price 


5 A variable to reflect the effects of advertising expenditures un- 
der the state marketing order and by large packers such as Sun Maid 
was not included because the effects were thought to remain at about 
the same general level throughout the period of the data set. The 
highly successful “dancing raisins” advertising program appeared 
after the period of analysis. 


(— 1.00) (1.92) 
(14) QCWG, = 13.70 — .0168 PUWGD, 
(0.78) (3.31) 
+ 0153 PGWGD, + .0069EWGD,. 


11.66) (8.57) 


Netherlands-3elgium (N) per capita demand (R° 
= .74,d = _.83) 


(15) QCN,= 13.06 — .0336 PUND, 
(0.65) (—4.58) 
+ .0204 PGND, + .0166 END,. 
(1.65) (6.01) 


Sweden-Norway-Denmark (S) per capita de- 
mand (R? = 67, d = 2.48) 


(16) OCS, = 815.99 — .0786 PUSD, 
(6.38)  (—3.58) 
+ .0850 PGSD, — .0291 ESD,. 
(2.34) (—2.46) 


Japan (J) per capita demand (Rê = .67, d = 
2.48) 
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(17) QCJ, = 252.52 — .00058 PUJD, 
(6.22)  (-6.86) 
+ .0024 PAJD — 

(1.66) 


Total U.S. exports 


0001 EJD,. 
(—1.64) 


(vii) QXT, = >, OC()-NW){1 + ROW]. 
E 


Variables not previously defined are: PGR, the 
price of Greek raisins per metric ton (mt) landed 
in London, nominal dollars; PGU)D, the de- 
flated price per mt of Greek raisins landed in 
European importing country /, in country Ps 
currency; PAJD, the deflated price of Australian 
raisins landed in Japan in yen per mt; TUQ), 
transportation cost from the U.S. to importing 
country J, DI), ad valorem duty plus one, EQ), 
country [-to-U.S. exchange rate, and CPI), 
country /’s consumer price index; EQD, de- 
flated per capita income in country /; and ROW, 
the ratio (exogenous) of U.S. exports to the rest 
of the world to exports to the five country groups. 
The price computed for the Netherlands is used 
for the Netherlands-Belgium group; the price 
computed for Sweden, the Sweden-Norway- 
Denmark group. The negative coefficients for 
E(DD in the UK, S and J may reflect a substi- 


tution of fresh fruit for dried as incomes have - 


risen. 

The equations or rules required to predict the 
quantity of raisins exported from the reserve pool 
under the various RAC export policies are not 
reported here because of space limits and be- 
cause they are not directly required in the sim- 
ulations which follow (see NFK, p. 18). 


Simulation Analysis 


The estimated equations of the four blocks, to- 
gether with the identities which define the net 
return variables, form a complete system which, 
given the values of an initial set of lagged en- 
dogenous variables and all values of the exog- 
enous variables, may be solved sequentially for 
the predicted values of the endogenous variables 
for all future years. This sequential simulation 
is used to explore the question, What might have 
happened if the reserve pool provision of the 
federal marketing order for raisins had been ter- 
minated in 1963, effective in 1964, with all other 
aspects of the economic environment the same? 
(1963 was the first year of complete data.) The 
estimated disturbances of the stochastic equa- 


Marketing Order for Raisins 587 


tions are entered as exogenous variables and re- 
main the same with and without the volume 
control in effect, except as noted. Thus, the se- 
quential solution of the historical model (vol- 
ume control in effect) generates exact predic- 
tions of the observed values of the endogenous 
variables with which to compare predictions of 
the no-volume-control scenarios. 


Modifications for No-Volume-Control 
Conditions 


If the volume control provision of the federal 
marketing order were terminated, equation (6), 
which predicts free tonnage (QFR), would be 
dropped since there would be no reserve pool 
and all production would be “free.” Equation 
(12), which predicts the average grower export 
price (PGX), would be replaced by the identity 
PGX = PF, where PF, is the undeflated free 
tonnage price. There is little reason to expect 
that the demand function for raisin grapes for 
crushing (4), the domestic demand for NTS (10) 
and (11), or the foreign demand functions, (13) 
through (17), would differ without volume con- 
trol. The advertising program under the separate 
state marketing order (with effects implicit in 
the estimated demand parameters) is assumed to 
remain in place with roughly the same general 
impact. The marketing order does not impose 
restrictions on packer marketing of free tonnage 
NTS, so packer FOB pricing practices, (8) and 
(9), seem unlikely to change significantly; nor 
would (5) which predicts reported packer car- 
ryin stocks. However, four equations—(1), (2), 
(3) and (7)——might change without the volume 
control program. 

French and King (1988) found that the rate of 
planting response for a given level of profit- 
ability dropped by as much as 45% after the cling 
peach volume-control marketing order program 
was terminated. This result suggests a range of 
alternative scenarios for equation (1). Because 
French and King found no change in the relation 
of removal rates to net returns when the peach 
volume control ended, equation (2) will remain 
unchanged. 

The process of bargaining between packers 
and the grower bargaining association is as- 
sumed to continue without the reserve pool pro- 
gram, with outcomes still predicted by equation 
(7). However, because all raisin production would 
be “free,” the quantity of NTS produced (DEL) 
would replace OFR. 

If the risk associated with raisin production is 
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perceived to increase in the absence of the vol- 
ume control, it is possible that growers would 
allocate relatively more raisin grapes to the more 
certain crush market. Therefore, the analysis in- 
cludes scenarios that tilt the raisin grape allo- 
cation equation (3) slightly toward the crush 
market. 

In years of large crops, the RAC set free ton- 
nage (QFR) below DEL, which maintained the 
free tonnage price of raisins (PFD) generally 
above equivalent returns per ton of grapes in the 
crush market (PGCD). With a mean ratio of 5.4 
short tons of raisin grapes per packed-weight 
metric ton of raisins, PFD = 5.4 PGCD gives 
the same gross return per ton for grapes in either 
outlet. However, 5.4 does not account for the 
differences in cost and risk factors between the 
dry and crush outlets. Historically, the actual ra- 
tio PFD/PGCD has varied from seven to fif- 
teen. 

Without the reserve pool to limit marketable 
raisin tonnage, PFD as predicted by (7), could 
be driven to very low levels. However, because 
growers know the crush demand situation and 
have Crop Reporting Service estimates of the 
size of the raisin-grape crop and can observe the 
current raisin market when they make their al- 
location decisions, they would not be likely to 
produce so many raisins that net returns would 
fall much below those in the crush market. 
Therefore, the no-volume-control simulations 
impose a restriction such that PFD = K(PGCD), 
where K sets the minimum ratio of PFD to 
PGCD. If the initial simultaneous solution for 
grapes dried (QR) and crushed (QC) involving 
(3), (4), and (Ö in block 2 results in PFD < 
K(PGCD), (3) is eliminated. Equations (4) and 
(7), with DEL in place of QFR and DEL related 
to OR by a conversion ratio, are solved simul- 
taneously for QR and QC subject to OR + QC 
= Q and PFD = K(PGCD). A value of K = 7 
is assumed for the first no-volume-control run 
of the model. Because higher values of K might 
be appropriate if raisin growers viewed produc- 
‘tion as more risky without volume control, sim- 
ulations with K = 8 and K = 9 are also run. 

Yields, which are entered at historical annual 
values in all simulations, could be affected by 
the change in age distribution of vines resulting 
from changes in planting and removal rates 
without the reserve pool program; however, the 
effect is likely to be minor since yields are pri- 
marily determined by weather, diseases, and other 
natural factors. The quantity-to-fresh use, QF, 
which has averaged only about 10% of raisin 
grape production, could also vary in response to 
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changes in returns to dry and crush. However, 
because of costly changes in cultural practices 
required to switch from dry to fresh and the po- 
tential price effects in the fresh market, it is un- 
likely that tais proportion would change signif- 
icantly. Finally, without the volume control 
program, administrative costs of the marketing 
order woulc be reduced. A substantial portion 
of the grower assessment, which averages about 
1% to 1.5% of grower costs, covers costs of 
providing naarket information to growers. To 
maintain a consistent environment, we assume 
the assessment for economic information would 
continue. The reduction in assessment resulting 
from elimiration of reserve pool accounting 
would be sich a small percentage of the unit 
cost of raisir. production that no adjustment was 
made in the representative cost series. 


No-Volume-Control Scenarios 


With the above considerations, we have speci- 
fied nine alt2rnative scenarios that could plau- 
sibly reflect sonditions without the reserve pool 
program. 

Scenario 1: Planting and removal equations, 
(1) and (2), and the raisin-grape allocation equa- 
tion (3) remein as in the historical model. The 
minimum rat.o of the free tonnage price of rais- 
ins (PFD) to the grower price for raisin grapes 
crushed (PGCD) is set at 7 (i.e., K = 7). This 
restriction becomes binding in years of rela- 
tively large crops. 

Scenario 2- Same as scenario 1 except plant- 
ing response (including the disturbance) is re- 
duced by 20% to reflect grower perceptions of 
increased risk. without the marketing order. 

Scenario 3. Same as scenario 1 except plant- 
ing response i's reduced 40% [roughly the find- 
ings of Frerch and King (1988) for cling 
peaches]. 

Scenarios IA, 2A, and 3A: Same as scenarios 
1, 2, and 3 except (a) K = 8 to reflect a possible 
increase in perceived risk for raisin production 
without volume control and, therefore, a higher 
reservation price (effective in large-crop years) 
and (b) the coefficient of Q in equation (3) is 
reduced by .0_5 (from .6037 to .5887) to reflect 
an equivalent increase in risk perception for raisin 
production in years of small crops.° 

Scenarios 18, 2B, and 3B: Same as scenarios 


é Decreasing QR vy .015Q has roughly the same average effect 
on the allocation between drying and crushing as increasing K from 
seven to eight. 
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1, 2, and 3 except (a) K = 9 and (b) the coef- 
ficient of Q in equation (3) is reduced by .03 
(from .6037 to .5737). 

While no empirical observations are available 
to establish the range of scenarios A and B, the 
two variations provide a basis for evaluating both 
the general magnitude and direction of further 
changes in allocation response. 


Simulation Results 


Table 1 gives the time paths of three key indi- 
cators of the state of the industry with the vol- 
ume control program in effect and as predicted 
without volume control, under three different 
planting response scenarios. For each scenario, 
bearing acres (BA) remain the same as under the 
volume control program for the first two years. 
However, without the reserve pool to absorb part 
of the raisin production, the grower price for 
raisin grapes allocated to drying (PGRD) and the 
representative measure of the average net return 


Table 1. 
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to growers for raisin grapes dried and crushed 
(NGD) decline sharply.’ This leads to reduced 
plantings and slightly increased removals, which 
begin to affect bearing acres (and total produc- 
tion) in 1966. In 1967, a year of low yield and 
therefore no reserve pool allocations, the pre- 
dicted grower price and net return per ton are 
higher under the no-volume-control scenarios than 
actual levels because of lower production from 
the reduction in bearing acres. 

As time moves forward, the reduced returns 
of the first few years without the reserve pool 
lead to continued reductions in plantings and 


7 PGRD is a weighted average of the deflated free tonnage price 
and the grower export price. That is, PGRD = [PFD(QP + QB) 
+ (PGX/GNPD): QXT]-C/(QP + QB + OXT), where C is the 
conversion ratio between metric tons of raisins (packed weight ba- 
sis) and short tons of grapes used for raisins. Without the volume 
control program, PGRD = PFD-C. 

NGD = [OR(PGRD — GCRD) + QC(PGCD — GCWDYI/(QR 
+ OC), where GCRD and GCWD are representative unit costs of 
producing grapes for raisins. Since our cost estimates may not re- 
flect the precise level of average industry experience, return mea- 
sures are only indicators. 


Model Predictions of Three Indicators of the State of the Raisin Industry, 1964- 


85: Actual Values Under the Volume Control Program Compared with Values Under Three 


Levels of Planting Response without Controls 


Grower Average Price for Raisin 


Grower Average Net Return to Dry and 


Bearing Acres (BA), 1,000s Grapes to Dry (PGRD) Crush (NGD) 
Year Actual S S- $3 Actual" S; Sa S3 Actual’ S, Sa 53 
-zamaane nnn (1971—72 $ per short ton) ------------------------------- 
1964 252 252 252 252 73.5 63.1 63.1 63.1 7.4 —2.6 —2.6 =26 
1965 254 254 254 254 66.0 37.2 37.2 37.2 —4.5 —25.7 -—25.7 25.7 
1966 256 254 254 254 67.0 34.2 34.2 34.2 ~10.9 —34.5  —34.5 -34.5 
1967 255 252 251 250 81.2 96.3 97.0 97.7 0.9 4.2 4.5 4.8 
1968 251 246 244 242 78.2 61.8 62.7 63.5 2) —8.5 —7.7 —7.0 
1969 251 243 241 238 78.8 67.5 68.6 69.6 —2.7 —12.1 ~J1.2 -—10.4 
1970 246 235 233 231l 71.7 76.9 77.8 78.7 —3.6 —3.0 —2.3 —1.5 
1971 243 231 229 227 67.8 80.4 82.3 84.2 —6.5 —1.9 -1.0 —0.1 
1972 241 228 226 224 116.8 148.8 151.2 153.9 162 25.3 26.0 26.7 
1973 239 225 224 222 146.7 188.3 191.8 195.4 22.1 40.4 41.9 43.4 
1974 241 227 225 223 121.7 122.7 125.9 129.2 —1.0 2.9 4.8 6.9 
1975 241 226 224 222 104.7 86.6 89.5 92.7 —6.1 —14.7 —12.7 —10.4 
1976 241 228 225 22i 167.5 172.3 174.9 177.8 33.3 37.2 38.9 40.7 
1977 243 232 227 223 130.7 136.9 140.3 143.9 17.1 20.7 23.1 25.7 
1978 245 236 231 225 231.7 240.2 243.0 246.1 69.0 70.7 71.8 73.0 
1979 246 238 233 227 150.9 150.8 156.1 161.8 21.9 22.1 25.9 30.0 
1980 247 240 234 228 125.1 116.3 121.5 127.2 14.2 7.7 12.0 16.7 
1981 253 245 239 232 150.9 166.4 174.2 183.0 5.9 14.7 19.5 24.8 
1982 264 257 248 239 106.6 132.1 138.2 144.8 —23.7 —4.2 1.0 6.8 
1983 277 272 260 248 113.8 61.1 66.0 71.7 —22.9 —66.2  —61.5 —51.4 
1984 285 277 265 25i 69.0 45.7 53.0 66.5 —71.3 -83.6 —78.1 —-68.9 
1985 284 274 261 248 68.4 39.9 47.3 59.8 57.4 —76.2 ~70.1 60.5 


* If reserve pool sales of raisins in noncommercial channels are included in the grower average price computations with the unknown 
return arbitrarily valued at a deflated price of $55 per short ton (approximately the price at which raisins were sold to packers under the 
export incentive program in effect in the early 1980s), the mean values of the grower return variables in the “actual” column are reduced 
as follows: PRGD from 108.6 to 104.0 and NGD from 0.0 to —1.8. Deflated values may be expressed in 1985 dollars by multiplying 
by 2.35. 
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higher removals. Bearing acres fall about 15,000 
below the historical level by 1975 for scenario 
1 and slightly more under the reduced planting 
response assumed for scenarios 2 and 3. The 
differences in BA between actual and no-vol- 
ume-control values narrow somewhat in later 
years under scenario 1, but widen under sce- 
narios 2 and 3 which assume reduced planting 
response without the volume control program. 
Predicted production changes are proportional 
to bearing acres and variable yields, but under 
the no-control scenarios, relatively higher shares 
of raisin grape production are allocated to crush- 
ing in most years. By the decade of the 1970s, 
the reduced acreage and production under the 
no-volume-control scenarios bring the average 
grower return to or above the general level of 
returns with controls. However, returns without 
volume control again fall below the historical 
values in 1983—85. 

If removal rates should increase without vol- 
ume control, bearing acres would be reduced 
further in the early years, with some later mod- 
ification resulting from feedback into the plant- 
ing response. Because it seems likely that the 
overall effects would be contained within the 
general range of the three planting response sce- 
narios, no specific scenarios involving removal 
variations are presented. 

Table 2 presents the 1964-85 means and 
standard deviations of actual and predicted val- 
ues for a larger group of variables and for the 
full set of alternative no-volume-control scenar- 
ios. Among the nine scenarios, note that for a 
given value of K, means of bearing acres and 
the output variables decrease with assumed re- 
ductions in planting response (S2, S3) and cor- 
respondingly the mean levels of prices and grower 
average net returns increase. As K increases, the 
allocation of grapes to dry declines as that to 
crush increases, leading to increases in grower 
and packer prices for raisins, decreases in the 
grower price for grapes crushed, but to in- 
creases in the combined indicator of grower av- 
erage net return to dry and crush. 

Table 2 suggests the following main effects 


è In addition to the measures presented in table 2, approximate 
changes in economic surplus, as indicated by the areas under the 
demand curves facing processors, could be calculated. However, 
since over half of the raisins are sold in bulk for use in other food 
products and for export, interpretation of the surplus measures would 
be difficult. The value of such calculations is further limited be- 
cause the model does not encompass the demand and supply sys- 
tems for alternative crops grown on land shifted from raisin pro- 
duction. A complete examination of the demand, supply and 
marketing system for wine would also be needed. 
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on prices, net returns, sales, and stocks of ter- 
minating the volume control program: 

(a) The mean value of the average grower price 
for raisin grapes used for drying (PGRD) de- 
clines under scenario 1 but increases under all 
other scenarios. The standard deviation of PGRD 
increases about 30%. 

(b) The mean price received by growers for 
raisin grapes crushed (PGCD) decreases slightly 
under most scenarios; the standard deviation in- 
creases only about 8%—-10%. 

(c) The mean value the deflated grower net 
return per ton of grapes, as measured by NGD, 
is reduced for all scenarios except where plant- 
ing response is reduced by 40% (scenarios S3, 
S3A, S3B). The increase in standard deviation 
ranges from 16% for scenario 3B to 29% for 
scenario 1. Five years, 1965, 1966, 1983, 1984, 
and 1985 skow losses much greater than ever 
experienced under the volume control program 
(see table 1). 

(d) The mean value of the average FOB price 
received by packers (PD) increases slightly in 
scenario 1, kut more in scenarios 2 and 3 under 
reduced planting response. The standard devia- 
tion of PD increases in the range of 17% to 24%. 

(e) Most of the reduction in raisin production 
under the nc-control scenarios was felt in ex- 
ports rather than domestic shipments. Exports 
decreased in the range of 10% to 23%, depend- 
ing on the scenario. The mean level of total car- 
ryover stock; decreased without volume con- 
trol, but all these stocks would be held by packers 
since there would be no reserve pool (CJ = 0). 
(Under volume control, mean level carryover 
stocks held ty packers was SP = 29.4, while 
that held by growers in the reserve pool was 
CI = 20.0.) 

(f) The packer net profit margin (VPM), 
computed by subtracting measures of represen- 
tative unit packing cost and the cost of the raw 
product from the FOB packer prices in pack- 
aged and bulx form, was both lower and less 
variable unde- the volume control program.’ As 
may be obserred from equations (8) and (9), the 
profit margin is affected by the ratios of raisin 
movement (Q.?, QB) to total raisin supply (SU). 
Under the merketing order, the total supply is 
larger relative to movement than without con- 
trols. In view of the potential market impact of 
this larger supply, packers set FOB prices rel- 


? NPM = [NPMPCOP) + NPMB(QB)\/(OP + QB), where NPMP 
= PPD — PCPD — PFD, NPMB = PPD — PCBD — PFD, and 
PCPD and PCBD aœ measures of packing cost per metric ton. 
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atively lower for given raw product prices. The 
packer net margin was also more variable with- 
out tae volume control program (the standard 
deviation increased about 25%) because of an 
increased variability in FOB packer prices rel- 
ative to grower prices directly related to the in- 
creased variability of supply (SU). 


Conclusions and Policy Implications 


As with any econometric model, the empirical 
results are affected by the choice of equation 
forms, the specifications of participant expec- 
tations, and the estimation methods. The esti- 
mated model is an acceptable representation of 
the raisin industry in that it is based on generally 
accepted theoretical criteria and plausible be- 
havioral assumptions, the parameter estimates 
are cansistent with theoretical expectations, and 
the model tracks the historical system reasona- 
bly well. The most challenging aspect of the study 
is the modification of the model to reflect con- 
ditions that would have existed without the vol- 
ume control program in effect, since such con- 
ditions are not observable historically. A set of 
scenarios was specified to reflect a range of pos- 
sible no-control conditions. While the validity 
of these scenarios cannot be tested, their plau- 
sibility provides a basis for reaching tentative 
conclusions about the social costs and benefits 
of the reserve pool program using the perfor- 
mance criteria proposed by the USDA study 
team. 


Criterion (1): above-normal profits. The 
measure of grower net return (VGD) averaged 
zero under the volume control program, sug- 
gesting that profits were not above normal. 
However, the representative cost series, while 
indicating changes in costs over time, may not 
fully reflect industry-wide averages. As table 1 
shows, net returns varied considerably over time, 
and were affected by many factors besides the 
volume control program. 


Criterion (2): price variability. Prices were 
less variable under the volume control program 
than for any of the no-control scenarios. 


Criterion (3): disproportionate burdens. This 
analysis provides no information about possible 
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disproportionate burdens on particular classes of 
farmers. 


Criterion (4): chronic surpluses. The average 
level of production was higher under volume 
control thar for any of the no-control scenarios. 
This extra production can be viewed as “sur- 
plus” only cf it results in returns persistently be- 
low compecitive levels or continually requires 
low-use dis>osal of part of the crop. Grower re- 
turns under volume control, when most reserve 
pool quanticies were either exported or carried 
over to be sold later, were above returns under 
most no-coatrol scenarios. However, the higher 
average quentities carried from one year to the 
next (SP + CI) under volume control suggest a 
small increase in real marketing cost, which was 
not measured in the analysis. Significant diver- 
sions to nomommercial outlets (school lunches, 
needy persons, livestock feed, distilling) oc- 
curred in years of large crops, averaging about 
4% of raisin production overall. These diver- 
sions could be regarded as surpluses, but per- 
haps not “chronic” in the sense intended by the 
USDA team. 


Criterion (5): waste of resources. Resources 
used to procuce raisins diverted to noncommer- 
cial use could be viewed as “wasted” because 
the returns generated are usually below cost. Most 
such diversions were in years of low or negative 
return as measured by NGD (table 2). The USDA 
study team argued that a marketing order may 
reasonably grant producers the right to withhold 
or divert quentities that would drive returns fur- 
ther below costs. Therefore, the diversions could 
be viewed zs adjustments to unplanned short- 
run output variations. 


Criterion 6): net revenue to growers. While 
the variable VGD is an imprecise measure of the 
level of grower net returns, relative comparisons 
indicate that mean returns were higher under the 
marketing order except for Scenarios 3, 3A, and 
3B which assume substantial reductions in raisin 
supply response. Hence, it would be difficult to 
conclude that average grower net revenue was 
reduced beceuse of the marketing order. 


Criterion (7): consumer prices. Because the 
mean of the average FOB packer price (PD) is 
either about the same or above the historical mean 
for all no-ccntrol scenarios, the analysis sug- 
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gests that the marketing order program did not 
result in higher average prices to consumers, ir- 
respective of the level of cost. 

The mostly static theoretical studies of price 
stabilization have been generally critical of such 
programs. The dynamic empirical analysis pre- 
sented here indicates that consumers were not 
made worse off in terms of average prices paid 
and quantities purchased (they may have been 
better off) and that the program reduced the 
variability of prices and returns. Grower aver- 
age net returns may or may not have been in- 
- creased, depending on the no-control scenario 
considered, but the marketing order clearly pro- 
vided some protection in years of unexpectedly 
large production relative to demand. Overall, the 
results of the study suggest that the public in- 
terest may have been well served by the raisin 
volume control program, or at worst, there was 
no significant welfare loss. 


[Received February 1990; final revision 
received August 1990.] 
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Are Farrowing Intentions 
Rational Forecasts? 


David E. Runkle 


This paper tests whether quarterly data on hog farmers’ sow-farrowing intentions 
released in Hogs and Pigs are rational forecasts of actual farrowings. The empirical 
results show that neither one- nor two-quarter-ahead intentions are rational forecasts. 
Econometric methods and the implications of the empirical results for the rational 


expectations hypothesis are also discussed. 


Key words: expectations, livestock forecasts, rationality tests. 


Every three months the U.S. Department of Ag- 
riculture (USDA) releases Hogs and Pigs, a 
summary of the current livestock inventory and 
breeding intentions of the nation’s hog farmers. 
Farmers, meat processors, and commodities 
traders examine this report because the.news it 
contains affects their perceptions about future 
changes in hog prices. Most of the data in the 
survey reflect the current state of farmers’ live- 
stock herds. But the survey also reports the 
number of sows farmers intend to farrow in each 
of the next two quarters. Every issue of Hogs 
and Pigs releases the aggregate farrowing inten- 
tions of farmers in ten states. 

Because hog farmers’ farrowing intentions 
determine their current plans to buy or sell live- 
stock, any discrepancy between their intentions 
and their subsequent actions can have a direct 
effect on their profits. Therefore, farmers should 
be expected to make the best predictions they 
can about their own future farrowing plans. 

Farmers’ farrowing intentions thus provide a 
natural test of the rational expectations hypoth- 
esis. Since the work of Muth thirty years ago 
(1961), some economists have based their models 
on the assumption that people have rational ex- 
pectations about future economic events; that is, 
that people make the best forecasts they can, 
given what they know. Many authors have tried 
to determine whether people actually have ra- 
tional expectations by testing whether the errors 
in forecasts of aggregate economic time series 
are systematic. But their critics point out that 
most people who answer these forecasting sur- 
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veys have nothing to lose if their forecasts are 
wrong. These critics argue that any test of the 
rational expectations hypothesis based on sur- 
vey data should be dismissed. 

But this criticism may appear to have no ef- 
fect on the validity of testing the rationality of 
the farrowing intentions data from Hogs and Pigs 
because of the costs that farmers face if they 
make inaccurate predictions about their own be- 
havior. Farmers may lose money if they make 
incorrect predictions about their future farrow- 
ing plans because it may be costly to change 
their plans. 

But do farmers accurately report their own 
farrowing intentions? This paper shows that they 
do not. It shows that farmers’ sow-farrowing in- 
tentions, as reported by the USDA, are not ra- 
tional forecasts of farmers’ actual sow-farrow- 
ing decisions. But the irrationality of these 
farrowing intentions does not necessarily refute 
the rational expectations hypothesis because 
farmers have few incentives to accurately report 
their intentions. 

Other authors have long been concerned with 
the accuracy of government crop forecasts. 
However, the results in this paper are the first 
published tests of the rationality of government 
announcements of farmers’ intentions for pro- 
duction of either livestock or crops. They ex- 
tend previous work in agricultural economics on 
the accuracy of government crop forecasts. 

Moore’s 1917 analysis of government fore- 
casts of cotton production was the first pub- 
lished work to examine the accuracy of govern- 
ment crop forecasts. Gunnelson, Dobson, and 
Pamperin examined the accuracy of USDA crop 
forecasts from 1929 to 1970. However, neither 
of these studies provided a formal statistical test 
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of the unbiasedness of government crop fore- 
casts. Sumner and Mueller come closest to the 
tests reported here. In a footnote, they discussed 
statistical analysis of the accuracy of crop fore- 
casts. But it is not clear whether they performed 
formal tests of unbiasedness. No tests of the ef- 
ficiency of crop forecasts or intentions an- 
nouncements appear to have been published. 


How Can the Rationality of Farmen 
Expectations Be Tested? 


Suppose that a farmer has determined how many 
sows he will farrow k quarters from now. De- 
note the current quarter time ¢ and the particular 
farmer, farmer i. Farmer i makes a prediction at 
time ¢ about the number of sows he will farrow 
at time ¢ + k. His prediction will be called 
fig and the actual number of sows he far- 
rows in time t + k will be called firr 

If the farmer’s prediction is rational, it is equal 
to the mathematical expectation of f;,4,, con- 
ditioned on what he knew at time ¢; that is, 
Sisk = Elik | I;,), where /,, is the infor- 
mation available to farmer i at time ż, and E is 
the mathematical expectations operator. Fore- 
cast rationality also implies that the forecast er- 
ror from the farmer’s prediction cannot itself be 
predicted using information known when the 
forecast was made. 

If they were available, data on the farrowing 
intentions and actual farrowings of a particular 
farmer could be used to test whether his inten- 
tions were rational forecasts of his actual deci- 
- sions by running the following regression: 


(1) Sissi = Ay + A, Jersi + BX: T Eh ks 


where X;, is any vector of variables in farmer 
i’s information set at time ¢, and €, is the error 
term. 

Unbiasedness requires that, in a regression 
without X;, variables, the coefficients in equa- 
tion (1) may be restricted to ay = 0O and a, = 
l. Efficiency imposes the additional require- 
ment that any variable known at time ¢t or before 
be orthogonal to ej; that is, the vector B = 0 
for any vector X;, E I. A farmer’s farrowing 
intentions are rational only if they are both un- 
biased and efficient. 

There are two reasons why tests of rationality 
cannot be conducted in this simple manner. First, 
the data in Hogs and Pigs do not reveal the in- 
tentions or actions of individual farmers; in- 
stead, they provide only aggregate data. Sec- 
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ond, the failure of certain standard statistical 
assumptions implies that inference based on or- 
dinary least squares regression (OLS) will not 
be valid, because the OLS estimate of the co- 
variance matrix will be incorrect. 

The discussion of equation (1) presented the 
restrictions implied by forecast rationality for an 
individual farmer. Suppose N farmers are sam- 
pled in each period, and all of those farmers make 
rational predictions about their own sow-farrow- 
ing decisions. In this case, aggregate farrowing 
intentions should be a rational forecast of actual 
aggregate farrowing. If aggregate farrowing in- 
tentions at time ¢ are denoted as ,F?,, = SX, 
fire and aggregate a actual ae at time t 
+ k are denoted as Fra, = Die, far then, be- 
cause of linearity, rationality implies the same 
coefficient restrictions in the equation 


(2) Fisk = Qo + a As T B'X, + €k 


as it does in equation (1).' Therefore, if each 
individual farmer makes a rational forecast, the 
aggregate forecast will be rational, as well. 

Although individual rationality implies aggre- 
gate rationality, the converse is not true. If one 
farmer always underpredicts his farrowing by fifty 
sows while another always overpredicts his far- 
rowing by fifty sows, the sum of their forecasts 
would be unbiased even though neither farmer 
makes an unbiased forecast. This example il- 
lustrates why aggregate data can disprove indi- 
vidual rationality but cannot prove it. 

The problems with standard OLS statistical 
assumptions are somewhat less transparent than 
the issues of aggregation. Inference based on OLS 
regressions assumes that the errors in the regres- 
sion equation are independent over time and have 
the same variance in each period. Each of these 
assumptions may be invalid in estimating equa- 
tion (2). If either assumption is violated, then 
the OLS covariance matrix will not be a con- 
sistent estimate of the true uncertainty in the es- 
timated parameters in equation (2), even though 
the OLS parameters themselves are consistent 
estimates of the true parameters. 

The first problem with using OLS to estimate 
equation (2) is that the errors in that equation 
may be serially correlated. If farmers predict 
farrowings two periods ahead, then k = 2 in 


' The only difference between the two equations is the interpre- 
tation of X,. In equation (2), X, can be either data that was publicly 
known at time ft or the sum across farmers or particular pieces of 
private information that each farmer had. For example, since each 
farmer would know how many sows he had farrowed in time ż, the 
linearity of equation (1) implies that the aggregate number of sows 
farrowed in t can be included in X,. 
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equation (2). In this case, the farmer’s forecast 
errors can be serially correlated even if their 
forecasts are rational. Figure 1 demonstrates how 
this serial correlation could arise and shows how 
to determine the order of the serial correlation. 

Suppose that at time ¢, a farmer predicts his 
sow-farrowing intentions for time ¢ + 2, ,f?,5. 
At time ¢ + 2 when his actual farrowings, 
Fiz+2,, are known, his two-period-ahead forecast 
error, €12 = fiss2 — ffr is also revealed. If 
the farmer’s farrowing intentions announcement 
is a rational forecast of his actual farrowings, 
his forecast error should be uncorrelated with 
anything he knew when he announced his in- 
tentions. 

For example, figure 1 shows that the error the 
farmer made at time ft — 2 in predicting his sow 
farrowing at time ż, Ela: = Toe aala 1S 
known when he announces his intentions at time 
t for time ż + 2. Therefore, €, should not be 
correlated with €,.., if his farrowing intentions 
announcement is a rational forecast, because 
€;-2.2 iS in the information set /,,. 

Figure 1 also shows that the farmer does not 
know the error he made at time t — I in pre- 
dicting his farrowings in time t + 1. That error, 
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€1-12 = fitter T -iffs41, becomes known only 
at time ¢ + 1 when actual farrowings for that 
period, 7;,4; are known. Therefore, even if the 
farmer’s intentions announcement were a ra- 
tional forecast of his actual farrowings, the 
farmer’s forecast error would be serially corre- 
lated because €/_,> is not known when fit+ is 
announced. That is, ej; z is not in J,,. 

Thus, if the farmer’s intentions announce- 
ment is a rational forecast, €,, can be correlated 
with ej, 2, but it cannot be correlated with 
€ 1-22" This correlation implies that the errors in 
equation (1) would be moving-average errors of 
order 1 [MA(1)]. Hansen and Hodrick first 
demonstrated that this kind of forecast-error cor- 
relation would arise in multiperiod forecasts, even 
if the predictions were rational. The aggregate 
data in equation (2) should have exactly the same 
error structure as the individual data if all far- 
rowing intentions are rational forecasts. 

Although the errors in equation (2) would be 
serially correlated if farmers were making two- 
period-ahead forecasts (k = 2), using a gener- 
alized least-squares (GLS) transformation to 
eliminate the serial correlation in that equation 
would be invalid because the principal regressor 
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(,F?.2) is predetermined, rather than exogenous. 
In fact, as Hansen and Sargent show, conven- 
tional GLS estimates of the parameters in (2) 
would be inconsistent because the transformed 
errors would be correlated with the transformed 
regressors.” This problem would be even more 
serious than the misestimation of the covariance 
matrix that would result from using an OLS 
regression. 

If farmers were making only one-period-ahead 
forecasts (k = 1), moving-average errors would 
not be present in equation (2). Nevertheless, in- 
ference using OLS could still be invalid if the 
conditional variance of the error were correlated 
with the regressors. This problem, which White 
calls conditional heteroskedasticity, often arises 
in time-series data. If conditional heteroskedas- 
ticity exists in the data, then the OLS estimate 
of the covariance matrix will be incorrect even 
if there are no moving-average errors. 

The problems in inference created both by 
moving-average errors and conditional heteros- 
kedasticity can both be solved by using Han- 
sen’s generalized-method-of-moments (GMM) 
estimator to perform tests of forecast rationality. 
Hansen’s estimator uses a set of optimally 
weighted orthogonality conditions to estimate 
parameters efficiently for most standard econo- 
metric models. For equation (2), the orthogo- 
nality conditions are that the estimated error is 
orthogonal to each of the regressors, that is, 


ECF +k — (Qo + ay Poy + B'X,))'Z,) 
ae 0, Ly = {1, iF X}. 


Hansen shows that any GMM estimator takes 
the following form: 


(3) min g(y)'We(y), 
Y 


where y is a vector of coefficients, g(y) is the 
vector of sample averages of the set of orthog- 
onality conditions specified in a given statistical 
model, and W is a weighting matrix. In equation 


? Consider the case of testing the unbiasedness of equation (2) 
when k = 2. The equation of interest would be Fu = @ + 
a7, + €,2. Because the error term would have an MA(1) struc- 
ture under the hypothesis of unbiasedness, assume that that error 
structure can be represented as €z = 42 ~ Yh. GLS would 
require that we filter equation (2) by (1 ~ yZ)7' to get rid of the 
serial correlation in €, However, this would cause the filtered 
equation to violate the OLS orthogonality conditions. Note that the 
transformed regressor would be „Fh, = (1 — yy! Fea = 
GF Pan + Y- Ra + y?,2FP + ...), while the transformed error 
term would be & = (1 — yl). = (62 + Yemi + y@-22 + 
-.-). However, we know that ,Fi,, 1 &. if, and only if, j 5 k. 
But since the product ,F?,2€,2 would contain terms like Ff L &2 
where j > k, Fha L €r 
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(2), the vector y is the set of coefficients ag, a, 
and B. 

Hansen also shows that the optimal weighting 
matrix W for a GMM estimator is simply the 
inverse of the covariance matrix of the orthog- 
onality conditions for that particular equation. If 
the errors for a particular equation are MA(p), 
then the estimate of the covariance matrix of the 
orthogonality conditions is 


oe E 
Q= = `S > Z E,kÊi—j k Zi—j 


j=-p t= 


where Ê, e (F+ ~ (âo T a Pree F p D Ds 
and consistent estimates of the parameters are 
used to form the residuals used in constructing 
the weighting matrix. 

If W = 7', then the GMM estimator is ef- 
ficient within the class of estimators that uses 
only conditional moment restrictions, as was 
shown by Chamberlain. Because of the moving- 
average error structure, this estimate is not con- 
strained to be positive definite. Newey and West 
discuss consistent estimates that are guaranteed 
to be positive definite. The Newey-West esti- 
mator is used in the GMM results presented in 
this paper. 

For this analysis, the GMM parameter esti- 
mates are exactly the same as the OLS param- 
eter estimates because equation (2) is exactly 
identified: the number of instruments and the 
number of regressors is the same. But the GMM 
standard errors will be correct in the presence 
of moving-average errors and conditional het- 
eroskedasticity, while the OLS standard errors 
will be incorrect. Almost all empirical tests in 
this paper are therefore based on GMM esti- 
mation. 


(4) 


Data and Empirical Results 


For almost thirty years, Hogs and Pigs has pub- 
lished quarterly aggregate data on sow-farrow- 
ing intentions for farmers in ten states.” These 
data are gathered through interviews conducted 
by the USDA. Starting on the first day of March, 
June, September, and December, USDA inter- 
viewers ask farmers how many sows they intend 


3 Until 1968, the title of the report was Pig Crop Report. Since 
1940, this report has also contained biannual intentions data for 
farmers in the entire country. The USDA increased the number of 
quarterly states to fourteen in 1973 but continued to publish data 
for the original ten states. In 1982 the USDA changed its ten-state 
sample. Later in this section, the effect of these changes on the 
tests of rationality is discussed. 
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to farrow in the next three months, how many 
sows they intend to farrow in the three months 
after that, and how many SOWS they farrowed in 
the preceding three months.* The survey meth- 
ods for Hogs and Pigs are described in USDA 
(1977, 1979). 

The empirical tests in this paper use aggregate 
published data on quarterly farrowings in ten 
states from the first quarter of 1961 until the first 
quarter of 1989.° The goal of this paper is to 
test whether the first and second farrowings in- 
tentions announcements are rational forecasts of 
actual farrowings. To see how these tests were 
conducted, consider the following example. In 
September 1960 and December 1960, farmers 
were asked how many sows they planned to far- 
row between 1 December 1960 and 28 February 
1961. In March 1961, farmers were asked how 
many sows they actually farrowed in the pre- 
vious three months. The analysis here compares 
the September and December intentions data to 
the actual farrowings announced the following 
March. 

Two potential problems with the data need to 
be addressed before the empirical findings are 
reported. First, inference using the entire sam- 
ple could be invalid because the ten-state sam- 
ple changed in 1982. Second, inference using 
the initial announcements of actual farrowings 
could be invalid if those announcements were 
biased. 

To solve the first problem, the peeves 
which would have resulted in comparing inten- 
tions data for one set of ten states with actual 
farrowings for the other set were dropped. Even 
if the sample of states is changed, as long as the 
same farmers provide both the intentions data 
and the actual farrowings data, the tests of ra- 
tionality are valid.° 

The second problem was somewhat more dif- 
ficult to address. If the initial announcements of 
actual farrowings were revised in a predictable 
way, then the data used here could result in in- 
correct inference. One way to determine whether 
such revisions could affect statistical inference 
is to check whether the initial announcements of 
sow-farrowing intentions are rational forecasts 
of the revised data. Such a test was developed 
by Mankiw, Runkle, and Shapiro. If the initial 


* For example, in December 1989, farmers were asked “Of the 
sows and gilts [you are holding in inventory] how many are ex- 
pected to farrow between March and May 1990,” to determine their 
two-quarter-ahead farrowing intentions. 

$ Because of the timing of the survey, the first quarter of 1961 
is really December 1960 through February 1961. 

® As with all tests of rationality using aggregate survey data, the 
effects of sarnpling error are ignored. 
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announcement is a rational forecast of the re- 
vised data, then using the initial announcement 
will cause no problems in inference. In fact, 
GMM estimates show that the initial announce- 
ment is a rational forecast for any of the next 
three quarterly revisions. Therefore, data on the 
initial announcement of sow farrowings in the 
past quarter are used as the dependent variable.’ 

Because a prediction must be both unbiased 
and efficient to be rational, separate tests for un- 
biasedness and efficiency were conducted. Ta- 
ble 1 shows tne results of the unbiasedness tests. 
The first column of that table shows that the 
USDA series on aggregate intentions of sow far- 
rowings during the next quarter is an unbiased 
predictor of actual aggregate farrowings in ten 
states. Since the hypothesis of rationality im- 
poses two rescrictions, if the intentions data were 
unbiased, the test statistic reported in column 1 
should be asymptotically distributed as a chi- 
square with 2 degrees of freedom random vari- 
able. Since its value is only 4.228, the hypoth- 
esis of unbiasedness cannot be rejected. 

Note that the results in column 1 were based 
on a GMM estimate of the covariance matrix of 
the parameters. Column 2 shows that, if the OLS 
estimate cf the covariance matrix were incor- 
rectly used, the hypothesis of unbiasedness would 
have been inc rrectly rejected. This result illus- 
trates the importance of using GMM estimates 
of the covariance matrix in time-series models. 
All additional results in this paper come from 
GMM estimation. 

Column 3 sfows the results of a test of whether 
the USDA ser-es on aggregate intentions of sow 
farrowings in the period three to six months fol- 
lowing the su-vey is an unbiased predictor of 
actual farrowings during that period. The results 
in this columa show that those intentions are 
biased predictors and are therefore not rational 
forecasts of actual farrowings. The chi-square 
test statistic shows that the hypothesis of un- 
biasedness can be rejected at the 1% confidence 
level. This rejection is strong evidence that the 
two-quarter-ahead announcement of sow-far- 
rowing intentions is not a rational forecast of 
actual farrowings. In fact, if two-quarter-ahead 
farrowings wese predicted using the regression 
reported in column 3 instead of the two-quarter- 
ahead farrowinzs intentions announcement, the 


? The government announcements of actual farrowings are ad- 
justed using data other than the survey. The rationality tests for the 
initial announcement: are not reported here because they are not 
germane to determinirg whether farmers farrowing intentions, rather 
than government data revisions, are rational. 
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Table 1. 
ing Intentions 
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Tests for Unbiasedness of One- and Two-Quarter-Ahead Aggregate Sow-Farrow- 


Fir = Qo + ay 





F Tk + Crk 
(1) (2) (3) 
One Quarter One Quarter Two Quarters 
(k= 1) (k = 1) (k = 2) 
Forecast horizon 
Qo 111.926 111.926 228.628 
(58.0267 (47.312) (70.644) 
a 0.947 0.947 0.901 
(0.026) (0.020) (0.031) 
Estimation method GMM OLS GMM 
Number of moving-average terms 0 0 l 
x’? statistic for Hy : ao = 0, a; = 1 4.228 8.581 10.518 
Significance level (0.121) (0.014) (0.005) 
Number of observations 111 111 199 


* Standard errors are in parentheses under coefficients. 


mean-square forecast error would be reduced by 
over 10%. 

Because the two-quarter-ahead intentions an- 
nouncements are biased, they are not rational 
forecasts; therefore, there is no point in testing 
whether they are efficient forecasts. But since 
the one-quarter-ahead intentions announcements 
appear to be unbiased, further tests are war- 
ranted to determine whether they are efficient 
forecasts. 

One piece of information that each farmer 
knows when announcing his one-quarter-ahead 
intentions is his own two-quarter-ahead inten- 
tions from the previous period. In fact, his cur- 
rent one-quarter-ahead intentions are a revision 
of his previous intentions. If the current an- 
nouncement of intentions is an efficient fore- 
cast, adding the previous intentions as an ad- 
ditional explanatory variable should not improve 
the accuracy of the forecast. 

Table 2 shows a test of this hypothesis. Since 
B, is highly significant, lagged two-period-ahead 
intentions provide information useful in fore- 
casting that is not included in the one-period- 
ahead intentions data. The chi-square test shows 
that the hypothesis of forecast efficiency can be 
rejected at the 1% level. Therefore, the one- 
quarter-ahead intentions report is not a rational 
forecast of actual farrowings because it is not an 
efficient forecast. If one-quarter-ahead farrow- 
ings were predicted using the regression re- 
ported in table 2 instead of the one-quarter-ahead 
farrowings intentions announcement, the mean- 
square forecast error would be reduced by over 
11%. 


What Does the Rejection of Forecast 
Rationality Mean? 


These results show that neither the one-quarter- 
ahead nor the two-quarter-ahead farrowing-in- 
tentions announcement in Hogs and Pigs is a 
rational forecast of actual farrowings. But what 
does this mean? It could mean that farmers are 
not good at predicting their own actions, but this 
is probably not the most likely explanation. A 
farmer would lose money if he did not accu- 
rately predict his own future actions, but there 
is no cost to him if he does not accurately report 
his intentions. 

Although it may be somewhat surprising that 
farmers announce irrational forecasts of their own 
future actions, it would be considerably more 


Table 2. Test for Efficiency of One-Quar- 
ter-Ahead Aggregate Sow-Farrowing Inten- 
tions 





Fai = Qo + a, Fiai + By pF Py + €; 


Čo 113.647 
(60.2687 
a, 1.232 
(0.119) 
Œ> —0.286 
(0.115) 
Estimation method GMM 
Number of moving-average terms 0 
y’ statistic for Ha : a = 0, a; = 1, 
B, = 0 10.813 
Significance level (0.004) 
Number of observations 109 





* Standard errors are in parentheses under coefficients. 
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surprising if livestock market analysts were to 
announce irrational forecasts of farmers’ ac- 
tions. Because the market analysts, unlike farm- 
ers, are paid for the accuracy of the forecasts 
they report, they have a strong economic incen- 
tive to report accurately. In fact, Colling and 
Irwin recently found that the averages of market 
analysts’ expectations about the announcements 
in Hogs and Pigs on reported changes in breed- 
ing- and market-hog inventories are rational 
forecasts. Thus, the different outcomes of these 
two rationality tests may stem from the different 
economic incentives that farmers and market an- 
alysts have to report their expectations accu- 
rately. 

These differences in the rationality of re- 
ported expectations are parallelled in the eco- 
nomic literature on testing the rationality of in- 
flation forecasts. Carlson and Mullineaux, among 
others, found that the inflation forecasts in the 
Livingston survey are not rational forecasts of 
actual inflation. In contrast, Keane and Runkle 
found that the price forecasts made by profes- 
sional forecasters in the American Statistical 
Association—National Bureau of Economic Re- 
search Survey are rational forecasts. They sug- 
gest that the nonprofessional forecasters in the 
Livingston survey may have few economic in- 
centives to accurately report their expectations, 
and thus, the irrationality of those reported ex- 
pectations is not surprising. 

Because farmers appear to have few eco- 
nomic incentives to report their farrowing inten- 
tons accurately, the fact that those intentions 
are not rational forecasts does not necessarily 
disprove the rational expectations hypothesis. 
Nevertheless, this paper has shown that fore- 
casts of actual sow farrowings can be signifi- 
cantly improved by discarding the assumption 
that the aggregate sow-farrowings intentions an- 
nouncement is unbiased and efficient. 


_ [Received October 1989; final revision 
received September 1990.] 
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The Welfare Analytics of 
Transaction Costs, Externalities, 
and Institutional Choice 


Ronald C. Griffin 


A natural result of the economist’s participation in externality literature has been a 
strong emphasis upon market and price-guided policies. Available theoretical 
foundations are insufficient for supporting this ideology. Absent is a conceptual 
framework which integrates institutional options and their attendant resource costs with 
what we know of resource and technology constraints. This paper addresses this 
omission by incorporating an explicit role for transaction costs into traditional welfare 


diagrammiatics. 


Key words: externality, institutions, property rights, resource policy, transaction costs, 


welfare economics. 


Externality and market failure literature of re- 
cent decades has been responsible for a sub- 


stantial amount of discussion, debate, and in- 


sight regarding the social relations which bind 
and, indeed, define mankind. These develop- 
ments have been spurred in no small part by the 
policy relevance of externality-like issues. In 
addition, because economists have believed that 
they offer valuable input for such issues, market 
devices for “correcting” externalities have al- 
ways been emphasized in the literature, often to 
the exclusion of other social /legal relationships. 
“When the only tool you have is a hammer, 
everything looks like a nail.” Throughout this 
literature, concern for the relative abilities of the 
market and government policy has usually been 
explicit. 

One of the primary themes of the externality 
literature and its variants should be that a wide 
array of institutions is available for correcting 
externalities. While certain camps might focus 
on narrowly defined subsets of these internal- 
izing institutions, common sense suggests that 
society examine externality situations on a case- 
by-case basis and choose the best structure 
available for accommodating the externality 
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interdependence. The importance of transaction 
costs becomes apparent in the pursuit of this ob- 
jective. 

A major tenet of the more recent literature has 
been the integral involvement of transaction costs 
within organizational processes which seek to 
have externality creators account for their im- 
pacts upon recipients. These processes include 
both market and nonmarket forms of internali- 
zation, and all such alternatives incur transac- 
tion costs to some degree. Literature on this 
subject observes that markets for accommodat- 
ing externality problems will naturally arise if 
transaction costs are sufficiently low (Demsetz 
1964, 1967). Moreover, because it is rarely pos- 
sible to know, a priori, whether market-incurred 
transaction costs are exceeded by the transaction 
costs of each policy (nonmarket) alternative, the 
desirability of policy is usually founded upon 
subjective biases regarding relative levels of 
transaction costs (Dahlman). 

While transaction costs are usually viewed as 
affecting the economic efficiency of alternative 
internalizing institutions, it is not typically ac- _ 
knowledged that transaction costs are also rel- 
evant in defining economic efficiency. The. 
prevalence of transaction costs implies that con- 
cepts such as Pareto optimality are not immune 
to a consideration of information and its costs. 
Even when this fact is suggested, means for op- 
erationalizing it are rarely provided. By prop- 
erly applying some traditional “welfare ana- 
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lytics,” an insightful background can be obtained 
for institutional choice in the presence of trans- 
action costs. The purpose of this paper is to ex- 
pand neoclassical tools of welfare analysis 
(summarized by Bator) to accommodate a role 
for transaction costs. 


Definitions and Background 


To facilitate the exposition it is useful to estab- 
lish a few fundamental definitions. It is partic- 
ularly important to elucidate the concepts of ex- 
ternality, property rights, and transaction costs 
so that a common basis for the forthcoming dis- 
cussion can be obtained. With regard to exter- 
nality, the following definition is adopted and 
progressively justified in this paper. An exter- 
nality is an interdependence among people. Ex- 
ternality, as it is defined here, does not imply 
Pareto relevancy. That is, there is no presump- 
tion of social ill in this definition. This defini- 
tion is not mainstream, for the literature more 
commonly defines externality as an interdepen- 
dence among economic actors for which a mar- 
ket or some other compensatory device does not 
exist (Baumol and Oates, Bromley 1986, Heller 
and Starrett). This second definition offers in- 
structional utility, which hopefully explains its 
predominance, but it has the potential to per- 
form great damage in application. While econ- 
omists have a predilection for emphasizing mar- 
ket absence as a necessary condition for 
externality, an institutionally unbiased defini- 
tion allows one to entertain nonmarket alloca- 
tion processes as potential externality remedies. 
Casual reflection will isolate numerous social 
modes of externality resolution. For the most part, 
these institutions are so broad and permeating 
that they escape exhaustive classification efforts 
and, often, even our abilities to identify partic- 
ular mechanisms.’ One purpose of this paper is 


'A few examples of common interdependence-internalizing in- 
stitutions may be in order. 

Envy is a term representing a specific class of consumption in- 
terdependencies among individuals. Envy, therefore, qualifies as 
an externality given either the above definition or the more tradi- 
tional “interdependence without a market” definition. Institutions 
that address this type of interdependence do, however, exist. So- 
ciety seeks to teach or convince individuals that envy is undesir- 
able, even irrational. In this case the intent of the control institution 
is to repress the interdependence. Social teachings (e.g., the ninth 
and tenth Commandments) serve to allocate the costs of envy to 
the envious themselves. This is conceivably an efficient solution, 
because the envious may be in the best position to solve the prob- 
lem—by adapting their utility functions to be less responsive to the 
interdependence. 

A child is dependent on his or her parents for the provision of a 
positive environment in which to live, learn, and mature. Yet, no 
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to assign a greater standing to the diverse array 
of nonma-ket externality-addressing institu- 
tions. By cirectly incorporating transaction costs 
into the definition of Pareto optimality, the cen- 
tral objective of this-paper is to build upon the 
idea that a Pareto-relevant externality is an ex- 
ternality that is being addressed by the wrong 
institution rather than not being addressed by any 
institution (especially markets) at all. 

In the ccurse of studying the entirety of in- 
stitutions relevant to externality interdependen- 
cies, insigh: can be achieved by carefully em- 
phasizing markets. The concept of property rights 
is crucial here, and, with Macpherson’s warning 
in mind, “the meaning of property is not con- 
stant” (p. 17, it is useful to preface forthcoming 
discussion with a brief sketch of the elements 
composing property rights. Following Calabresi 
and Melame:i’s classic paper, property rights can 
take the form of property rules, liability rules, 
or inalienable entitlements.” Protection of one’s 
interest in ar interdependence by a property rule 
infers that one’s desires in this relationship are 
ascendant ta the desires of other involved par- 
ties unless tne protected individual chooses to 
reassign this control. Similarly, protection via a 
liability rule in an interdependence provides for 
compensation should other individuals choose 
to assume control over the relationship. An in- 
alienable entitlement declares that one’s inter- 
ests in a re.ationship cannot be legally reas- 
signed or taken under any circumstances even 
when each party to the interdependence is will- 
ing. 

Property rales are fundamental to the opera- 
tion of markets which assign value prior to an 
interdependemce, and liability rules necessitate 
some form of judicial system to settle value af- 
ter an interdependence has occurred. Generally 
speaking, prcperty rules are the foundation of 
market activiry, and liability rules are the basis 
for litigation. However, sufficiently established 


market is available. for the interdependence. Instead, parents pos- 
sess a felt or declared responsibility to bear the burden of the inter- 
dependence. The source of these feelings may be partly founded 
on instinct, brt thi. is assuredly reinforced by the parents’ child- 
hood participation m family relationships in addition to the impor- 
tant role of social teachings. It is notable that changes in tastes or 
relative scarcities may have recently led to dissatisfaction with the 
ability of family /ccmmunity/church institutions to internalize the 
child-parent interdependence. As a result, additional institutions are 
being tried. Public awareness and opinion regarding child abuse has 
increased. Child atuse is being more broadly defined. Welfare 
agencies new act ir an oversight capacity, monitoring the perfor- 
mance of parents previously suspected to be remiss in their parental 
duties, The “rights” of children are being refined to the point that 
they are better able to serve as the basis for court action brought 
upon parents by the.r children or by others. 

*This classification is essential to a great deal of literature. See, 
for example, Bromley (1978), Buchanan and Faith, and Frech. 


Griffin 


liability rules also may provide a basis for mar- 
ket transactions, and the ongoing refinement of 
property rules often occurs in the courthouse. 
Inalienable entitlements act as constraints on 
market activity, presumably to advance higher- 
order social objectives. 

In forthcoming discussion, the emergence of 
markets to address an externality interdepen- 
dence will be equivalent to the establishment of 
a property rule. In the simplistic view of this 
process, society must decide which person or 
group of persons should be vested with a newly 
created property rule. The more complex (and 
more realistic) perspective is that property rules 
do not emerge into an institutional vacuum but 
must coexist in an evolved system of, among 
other things, detailed property rules. Therefore, 
new property rules are best characterized as ad- 
ditional circumscriptions or alterations within 
social institutions. The simpler of these two 
interpretations is not too misleading for the more 
immediate purposes of this paper. 

Transaction costs include “the costs of ob- 
taining information, establishing one’s bargain- 
ing position, bargaining and arriving at a group 
decision, and enforcing the decision made” 
(Randall 1972, p. 176n). Dahlman separates 
transaction costs into (a) search and information 
costs, (b) bargaining and decision costs, and (c) 
policing and enforcement costs and then states 
that all of these costs “represent resource losses 
due to lack of information” (Dahlman, p. 148). 
Moreover, the amount and distribution of trans- 
action costs will differ between property rules 
and liability rules as well as between situations 
in which an initial entitlement (either a property 
or liability rule) is held by one party or another 
(Bromley 1978). 


The Welfare Analytics of Property Rules 


It is convenient to introduce the elements of this 
discussion in a progressive fashion beginning with 
the establishment of a general externality. Let 
us temporally adopt, for the sake of argument, 
the instructional definition: Externalities are in- 
terdependencies among economic actors which, 
for the purpose of the immediate discussion, are 
not accompanied by markets. A specific act of 
internalization merely causes the relation to en- 
ter into the decision calculus of causal economic 
agents who previously ignored it in full or in 
part. The interdependence may involve produc- 
ers, consumers, or both producers and con- 
summers. 
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Beginning with a narrow but instructive 
framework, internalization occurs whenever 
property rights for the interdependence are erected 
and allocated by the appropriate legal system. 
All other rights and institutions are fixed. Of 
course, legal inaction regarding the property right 
arrangements which surround a particular inter- 
dependence does not imply that there is no pre- 
sumptive or putative ownership (Samuels and 
Schmid, Umbeck). Parties probably have some 
preconceived notions regarding unvalidated 
ownership claims. The degree of certainty (or 
uncertainty) attached to these notions is the 
foundation of present and future social, politi- 
cal, and legal action by individuals. Externality 
instigators (i.e., those having the physical power, 
though possibly not the right, to modify the level 
of an externality) may clearly create the exter- 
nality in the absence of prior government ac- 
tion. There is nothing to halt such action by in- 
stigators nor to force it. 

At a later date a liability or property rule may 
be newly erected or derived from a more general 
concept (such as the law of nuisance). Recog- 
nition of this possibility may enter the instiga- 
tor’s decision calculus as part of his or her pre- 
conceptions regarding the validity of the claim. 
Uncertainty as to the status of claims will mo- 
tivate some parties, particularly those with bet- 
ter access to processes of institutional change 
and/or with positive attitudes regarding the va- 
lidity or worth of their claims, to pressure the 
social system for a sanctioned declaration of 
ownership. 

As each externality relationship is born, the 
process begins: the relationship is tolerated, that 
is, Ownership remains presumptive and unsanc- 
tioned, so long as the relation is relatively un- 
important. Through an evolutionary process the 
externality grows or fades in relevance to eco- 
nomic actors as a result of gradual and not so 
gradual changes in preferences, technology, and 
relative scarcities. Externalities may diminish into 
obscurity or evolve into important socioeco- 
nomic relationships whereby social declarations 
of property form the basis of an entire market. 
Alternatively, trade in the interdependence may 
not be permitted, and legal constraints can be 
formed to guarantee the absence of trade (ina- 
lienable entitlement). And let us not forget that 
externalities are resolvable by a large array of 
social mechanisms other than markets: regula- 
tions may be enacted, less formal rules of con- 
duct may be formed, economic incentives may 
be established, and specific liability rules may 
be promulgated. 
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To model these concepts first in the absence 
of transaction costs, consider an evolving pro- 
duction externality in which the production of 
good X affects the production of one or more 
other goods in a manner which is unaccounted 
for by an existing market. Figure 1 depicts a 
typical production possibility frontier (PPF) ex- 
hibiting social transformation opportunities be- 
tween good X and the monetary equivalent of 
all other goods. If the evolving production ex- 
ternality is positive, then the PPF wil be shifted 
outward. If the externality is detrimental, then 
the shift will be inward. In both cases intercepts 
A and B will be unaltered. In this way, positive 
externalities increase the convexity of the PPF, 
and negative externalities decrease convexity 
(Baumol). 

The impact of the production externality on 
the potential welfare of consumers is illustrated 
in utility space. Corresponding to each point on 
the PPF there is a contract curve depicting Par- 
eto-optimal allocations of all goods between any 
two consumers. Mapping the contract curve in 
utility space produces a utility possibility fron- 
tier (UPF). The outer limit of all UPF’s (one 
for each point of the PPF) produces the grand 
utility possibility frontier (GUPF). Through its 
effect upon the PPF', detrimental production ex- 
ternalities will shift the GUPF inward and ben- 
eficial production externalities will shift the 
GUPF outward. Unlike the PPF, production ex- 
ternalities can alter the endpoints of the GUPF. 
For example, in figure 2 the initiation of a det- 
rimental production externality has shifted the 
GUPF from CD to C’D’. On the other hand, a 
consumption externality will preserve points C 





All 
Other 
Goods 
(8) 

A 

0 I, l; B 

P Good'X 

Figure 1. Equilibria for alternative endow- 


ments without transaction costs 
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Figure 2. Grand utility possibility frontier 
shifts for production externalities 


and D as endpoints of the GUPF. In figure 3, 
a detrimental consumption externality has pro- 
duced an inward shift of the GUPF. In this latter 
case, the PPF is unaltered. 

The formation of producer -> consumer ex- 
ternalities may affect the PPF in that consumers 
may choose to adjust their supplies of produc- 
tion inputs. More important, production at any 
point along or interior to the PPF will shift the 
indifference maps of individuals in X-$ space, 
assuming that the new externality relationshp is 
exogenous to these variables. Contract curves 
may be affected depending on how indifference 
maps are shifted, but UPF’s will certainly be 
shifted. Therefore, the GUPF will be shifted in- 
ward or outward in the manner depicted by fig- 
ure 2. 


Ug 


GUPF's 


D 
Ug 


Figure 3. Grand utility possibility frontier 
shifts for consumption externalities 
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Suppose that the PPF illustrated in figure 1 
represents present conditions including the ex- 
ternality. Let us assume that the externality is 
beneficial and that its instigators (i.e., the pro- 
ducers of X) have the power to produce the ex- 
ternality and that the receptors have no enforce- 
able right to either prevent or force the externality. 
This initial situation is one of “privilege” fa- 
voring instigators and corresponding “no rights” 
for receptors if legal sanction has not been ac- 
quired (Bromley 1989). If legal sanction 1s ob- 
tained, then the situation becomes one of a 
property “right” for instigators and a corre- 
sponding “duty” for receptors (Bromley 1989). 
Denote this property right as the N (instigator) 
rule. 

The implications of preserving the N rule or 
adopting its opposite, the R (receptor) rule, has 
received much attention in the literature.’ This 
attention has focused almost exclusively on the 
effect of this choice on the resulting competitive 
equilibrium and the resulting welfare positions 
of the economic participants. The following 
Coasian conclusion is well known and warrants 
illustration within the above framework: In the 
absence of private resource constraints, wealth 
effects, and transaction costs, the Pareto opti- 
mality of competitive equilibrium is indepen- 
dent of ownership. 

Assume that supply and demand conditions 
resulting from the initial N rule support a Pareto 
optimal production equilibrium at point E on the 
PPF. In figure 1 curve OE represents the cor- 
responding contract curve where the economy is 
assumed to be divisible into two totally homog- 
enous groups. Group a@ is composed of the pro- 
ducers of X, all of which have equivalent utility 
functions. Group £ incorporates all others, who 
are assumed to have equivalent preferences and 
share equally in their group’s net product. 

Constructing the Edgeworth box defined by 
point Æ, we shall let point O be the origin for 
the indifference map of group a (the X produc- 
ers) and point E shall be the origin for group B. 
After production has been completed, initial en- 
dowments will be given by points such as Jy or 
iy. Endowment Jy will be relevant if X produc- 
ers have to exchange part of their product to 
purchase inputs. Endowment Zy will be relevant 
if X producers own productive factors required 
by other producers and if the amount of these 
resources is more than sufficient to acquire the 
inputs needed for X production. 


3At one time N and R rules have been termed L and L laws (Mis- 
han), and Z’ and F are similarly defined “liability rules.” 
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Within this model, the effect of adopting an 
R rule to replace the N rule is only to change 
initial resource endowments. The R rule weak- 
ens the welfare position of group « relative to 
group 6 regardless of whether the externality 
interdependence is positive or negative. Thus, 
the R rule causes new post-production endow- 
ments of either Zp or Jz. Considering the two al- 
ternative endowments J, and Ip, the price vector 
is given, in both cases, by the tangent to the 
PPF at E. In figure 1 the post-trade distribution 
of goods is shown for both N and R rules. Oy 
and Qpr represent the Pareto optimal allocation 
of total product for N and R rules, respectively. 

Under the above conditions the Pareto opti- 
mality of competitive equilibria is independent 
of ownership. When differential wealth effects 
are entered into the analysis, the difference in 
resource endowments will induce income ef- 
fects which alter the aggregate demands for the 
two commodities. In this case the production 
equilibrium for the R rule may be different from 
point E, the production equilibrium for the N 
rule. Relative prices will be altered and new 
welfare positions will be attained. The equilib- 
rium will, nonetheless, be Pareto optimal. Both 
N and R rules permit trade in the interdepen- 
dence level, thereby correcting the externality 
within this highly simplified model. 

To summarize, the extant externality repre- 
sents an irrevocable interdependence among 
economic agents. If we begin with a situation 
resembling the N rule, then instituting an R rule 
constitutes a “reversal” of the active property 
right. N and R rules, both being acts of inter- 
nalization through market creation, are beset by 
the same technical interdependencies among 
economic actors. Therefore, ownership reversal 
cannot bring about Pareto improvements in pro- 
duction or utility possibilities. Reversal may 
easily cause movements along PPF’s or GUPF’s, 
but outward shifts in these frontiers will not be 
possible. The effects of transaction costs rep- 
resent a major caveat to this rule, a fact to be 
discussed shortly. For now, we state with con- 
fidence the following Coasian postulate. 


POSTULATE 1. Ownership reversal can never 
improve upon production or utility possibility 
frontiers in a world without transaction costs. 


Transaction Costs and Social Optimality 


It is a trivial extension of presently accepted 
doctrine to expand the above model. into the world 
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of nonzero transaction costs as follows. N and 
R rules differ, in general, with respect to both 
the total amount of transaction costs that these 
rules impose and the distribution of these costs. 
Differences in the distribution of these costs will 
interact with wealth effects and budget limita- 
tions to produce further differences in the re- 
sulting competitive equilibria. Distributional is- 
sues aside (momentarily), any positive amount 
of transaction costs will prevent otherwise ad- 
vantageous transactions from occurring. At this 
point it becomes appealing to argue that trans- 
action costs prevent competitive equilibria from 
achieving Pareto optimality. We do not, how- 
ever, succumb to this temptation. 

Transaction costs are real and unavoidable as- 

pects of any economic system. It is not even 
possible to eliminate transaction costs by pro- 
hibiting all trade because such a decree would 
have to be deliberated and enforced and other 
institutions would emerge to replace banned 
markets. The inevitability of transaction costs 
means that any notion of Pareto optimality is 
incomplete until transaction costs are incorpo- 
rated. In what follows we shall set about this 
task by inquiring how welfare frontiers such as 
the PPF and the GUPF are affected by the 
adoption of either N or R rules together with their 
implicit transaction costs. 
_ At the beginning it is crucial to observe a few 
fundamental points regarding the interdepen- 
dence which constitutes the general externality 
to which the N and R rules are directed. First, 
the interdependence is produced; it is not an in- 
herent part of the environment but is the result 
of particular production and/or consumption ac- 
tivities undertaken by man. Second, the pro- 
duction of this interdependence is functionally 
related to one, several, or many different vari- 
ables controllable by man. Third, the precise 
nature of this functional relation may be uncer- 
tain; indeed, some of the determining variables 
may be unknown. Fourth, it is costly to monitor 
both the interdependence level and its known 
determinants. 


Incorporating Transaction Costs 


Let us begin to introduce the effects of trans- 
action costs through example. In the pursuit of 
killing weeds on my farm, I ameliorate a det- 
rimental externality that I have been perpetrat- 
ing upon neighboring farmers through the prop- 
agation of weed seed. My neighbors derive 
external benefit from my weed control activities 
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as I do from similar actions taken by them. The 
reciprocity of this relationship does not mitigate 
the externality. I tolerate or take action against 
my weeds as I see fit, regardless of the actions 
taken ky my neighbors. Each person’s neigh- 
bors have tne duty to receive weed seeds. 

Let us contemplate an alternative ownership 
pattern, an R rule, in which my neighbors have 
an enfo-ceable right to be free of the nuisance 
induced. by my weeds. A pure R rule would as- 
sign me the duty to manage my farm in such a 
way as D prohibit the germination of “my” weed 
seed on any farm but my own. Otherwise, it will 
be necessary for me to purchase an appropriate 
amount >f weed-seed-propagation rights for my 
farm—r.ghts which are initially held by the 
neighbors under the R rule. 

The terms of the N and R rules suggested in 
this example represent technically perfect state- 
ments of opposing property rights. On the one 
hand, I ¿m tree to allow my weed seed to ger- 
minate on otners’ land. Under the opposite rule, 
I must prohibit any weed seed from leaving my 
property and then germinating. The “perfec- 
tion” of these rules lies in the fact that the al- 
ternative property rights are stated in terms of 
the actual incerdependence, i.e., the amount of 
weed seed leaving my farm and sprouting: o on 
neighbors’ ferms. 

Statem2nt of property rules in any other terms 
would be tecanically imperfect. An obvious ex- 
ample wculd be if an R rule prevented me from 
having weeds on my farm without trading for 
the rights held by my neighbors. In this case, if 
I do not purchase rights to have weeds on my 
farm, then I must eliminate all weeds. No other 
method o? ccntrolling the spread and germina- 
tion of weed seed is admitted. Clearly, the prop- 
agation of we2d seed is related to the amount of 
weeds, but the relationship is not complete. For 
example, if I trim my weeds frequently, the 
propagaticn cf seed will be minimal. I could 
chemicall» retard the formation of seed without 
killing the weeds. Or, at the extreme, my weeds 
may be of a hybrid, infertile variety. A property 
rule whick is stated in terms of a surrogate mea- 
sure instecd of the actual interdependence will 
not recogrrize these and other possibilities. This 
Situation applies to all externalities but to dif- 
fering degrees. 

Establishing a workable R rule favoring one’s 
neighbors m the weed seed scenario requires that 
an index/measure be formulated. At least four 
alternatives exist for an R rule favoring one’s 
neighbors. We could state that each landowner 
(a) may not allow his/her weed seed to ger- 
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minate on others’ land, (b) may not allow his/ 
her weed seed to move to others’ land, (c) may 
not possess reproducing weeds, or (d) may not 
grow any weeds. Trade can occur following the 
adoption of any of these R rules, but only option 
(a) embraces the actual interdependence. Op- 
tions (b)-(d) employ surrogates for the inter- 
dependence and therefore embody misconcep- 
tions regarding the interdependence. This is a 
problem of transaction costs because surrogates 
are otherwise unnecessary. 

The essential point is that technically imper- 
fect property rules do not recognize, by defi- 
nition, certain externality control processes. If 
the property rule ignores a control mechanism 
which would have been employed under cost- 
less information, then the rule results in a PPF 
and/or a GUPF which is interior to the ideal- 
istic frontiers which ignored transaction costs. 
In a world devoid of transaction costs, imperfect 
formulations of property rules will be unimpor- 
tant to efficiency. Without transaction costs, in- 
formation shall be perfectly and universally 
available to all. Actual interdependence levels 
will be perfectly and costlessly monitorable, and 
precise relationships between externality gen- 
eration and externality determinants will be 
known. In the absence of such idealistic con- 
ditions we have: 


POSTULATE 2. If a particular property rule is 
technically imperfect, then the PPF and GUPF 
will be shifted inwards even though transaction 
costs are otherwise zero. 


According to postulate 2, the effects of an im- 
perfect property rule for externality “correction” 
cannot be fully overridden, and this restrains 
production and/or utility possibilities. While 
market activity with an imperfect rule presum- 
ably will bring about some mutually beneficial 
transactions, some beneficial transactions will 
be avoided and some bad transactions will occur 
because of incorrect judgments regarding the 
nature of interdependencies. 

On the other hand, use of surrogate measures 
in property rules is a justifiable response to 
transaction costs. A technically perfect property 
rule can be informationally demanding in prac- 
tice and thereby incur high transaction costs. Of 
the four identified options for defining a weed 
seed R rule, only option (a) is technically per- 
fect. It is also economically onerous, for it is 
difficult to imagine the costliness of a monitor- 
ing network capable of tracking the origin, 
transport, and growth of weed seeds. Clearly, 
an economically rational response to transaction 
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costs may be to select interdependence surro- 
gates for property rule formulation. Why: else 
would we buy and sell oranges by the pound 
when we truly desire juice and pulp of good 
quality (Barzel)? Why ‘do western water rights 
specify acre-feet diverted rather than consumed? 
How closely does tons per acre per year really 
represent complex soil erosion interdependen- 
cies? Surrogate measures of externality inter- 
dependencies are important, and postulate 2 is 
therefore relevant. 

The arguments presented thus far have not ad- 
dressed the nature of the respective welfare 
frontiers for N and R rules that utilize equivalent 
indices. While transaction costs can exhibit some 
similarities for opposing N and R rules employ- 
ing the same index, the effect is likely to be 
unique. The following postulate offers one rea- 
son. 


POSTULATE 3. Transaction costs increase with 
the distance between initial endowments and fi- 
nal (post-trade) allocations. 


The most important implication of this pos- 
tulate is that transaction costs convey inertia to 
initially erected property rights. Because market 
participants are reluctant to incur transaction 
costs, the restraint to trade caused by the exis- 
tence of transaction costs implies that post-trade 
allocations of rights will bear some resemblance 
to initial endowments.* The extent of the resem- 
blance depends on both the magnitude and dis- 
tribution of transaction costs: greater transacton 
costs giving rise to a greater resemblance be- 
tween pre-trade and post-trade allocations. The 
distribution of these costs is also pertinent. For 
example, to the degree that transaction costs are 
borne by individuals (or entities) who are not 
directly involved in the interdependence (e.g., 
a government authority), the inertia of initial en- 
dowments will be lessened. 

Once a particular property rule and the mech- 
anism for enforcing this rule are adopted, the 
amount and distribution of transaction costs are 
more clearly assigned (though still unknown). 
That is to say, the burden of information gen- 
eration is more apparent. As a consequence of 
adopting a specific rule, traditional production 
and utility possibility frontiers must be shifted 
inward to reflect the amount of resources which 
are consumed for the production of information 


“Randall (1983) has observed this consequence of transaction costs 
and has aiso stated that the income effects of alternate property 
rules cause similar differences in post-trade allocations. 
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and lost because of imperfect decisions made 
under imperfect information. That is, the tra- 
ditional concepts of PPF and GUPF do not in- 
corporate the very real costs imposed by trans- 
action costs. Once property institutions are 
known, adjustments to welfare frontiers within 
our theoretical constructs can and should be per- 
formed to account for these costs. 


POSTULATE 4. Once transaction costs are ad- 
mitted, different property rules give rise to dif- 
ferent welfare frontiers. 


In figure 4 the PPF relating to a hypothetical 
R rule is drawn as the locus PPF, which lies 
strictly interior to the original, idealistic fron- 
tier. For generality PPF, lies strictly interior to 
the old frontier to indicate that information gen- 
eration will occur even in the absence of trans- 
actions. Transaction costs incurred by the public 
sector would also be incorporated in determin- 
ing PPF,. Property right inertia due to the in- 
herent transaction costs of the R rule implies a 
proportionately greater inward shift along the 
lower end of the PPF (assuming that the R rule 
was imposed for a detrimental externality). 

Similarly, PPFy represents production possi- 
bilities for the N rule. Presumably, inertia under 
the N rule will favor greater production possi- 
bilities for X in comparison to the R rule. Under 
the R rule, larger amounts of bargaining and 
monitering activities must be pursued in order 
to have a larger production of X, that is, a greater 
number of rights must be exchanged. 

Each of these production frontiers relates to a 
specific GUPF which also incorporates trans- 





(0) 
Good X 


Figure 4. Production possibilities for alter- 
native endowments with transaction costs 
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action costs. It is not, however, true that inter- 
secting production possibility frontiers produce 
intersecting grand utility possibility frontiers. It 
is therefore feasible for either GUPF, or GUPF y 
to be everywhere superior. 

Regardless of the relative positions of the two 
pairs of welfare frontiers, we might impose so- 
cial indifference curves of the form 


W = WU. Up) 


on the alternative GUPF’s, as in figure 5, in 
order to determine whether the N or R rule is 
socially preferred. Equivalently, as in figure 6, 
welfare indifference curves of the Bergson va- 


riety, 


B = BG, X), 





Figure 5. Social optimization in utility space 
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Figure 6. Social optimization in goods space 
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could be drawn together with the two alternative 
PPF’s to illustrate the socially optimal property 
rule. Either approach is flawed. 


Choice between Opposing Property Rules 


While the imposition of social indifference curves 
is a nice theoretical device for illustrating the 
“optimal” choice of property rule with trans- 
action costs, it is neither realistic nor helpful. 
Beyond the obvious acknowledgement that we 
do not possess a social welfare function, these 
devices treat every point on the welfare frontiers 
as being attainable even though each frontier 
corresponds to a particular distribution of the 
property rule in question. 

The welfare frontiers in effect for the two dis- 
tinct property rules can become determinant only 
by incorporating the burden of information costs. 
This, in turn, requires distribution of the prop- 
erty right under examination. However, this same 
fixity tends to define the resulting competitive 
equilibrium by declaring an initial endowment. 
Each such endowment will presumably support 
a unique competitive equilibrium which is rep- 
resented by a single point on the appropriate 
welfare frontier.” Because true welfare frontiers 
must incorporate transaction costs and because 
the inclusion of transaction costs requires prop- 
erty right specification which then fixes the 
competitive equilibrium, the concepts of Pareto 
optimality and competitive equilibrium appear 
to come perilously close to being definitionally 
identical. Randall (1983) has employed this 
closeness to argue that “externality” and “Pareto 
relevance” are vacuous terms. This argument is 
feasible only when nonmarket institutions are 
assumed inferior and no Pareto-inefficient def- 
initions of property rights are envisioned. 

Focusing now on the correct interpretation of 
the choice between polar N and R rules, it is 
clear that the two alternatives present distinct 
welfare frontiers. Furthermore, only one point 


*Lump-sum transfers of other resources could be mistakenly viewed 
as making viable equilibria out of other points along GUPFy or 
GUPF,. This is an oversimplification that underestimates the dif- 
ficulty with which redistributive policy is performed. It is one thing 
to design an externality-addressing property rule of the sort under 
discussion here and quite another to pair such a rule with an un- 
specified redistributive policy. Such a policy would be accom- 
panied by its own unique burden of transaction costs. In the face 
of these costs neither GUPFy nor GUPF; is relevant. Another fron- 
tier recognizing the particulars of the chosen transfer policy is needed. 
Each property rule or each pairing of a property rule and a lump- 
sum transfer policy will be associated with a unique UPF. Sub- 
sequent action by individuals will lead to a point on this frontier. 
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on each of these frontiers, the competitive equi- 
librium, is relevant to the decision. In figures 7 
and 8 the diagrammatic illustration of a newly 
emerged production externality is continued.° 
Regardless of whether the new interdependence 
is positive or negative, the N rule favors the pro- 
ducers of the externality, in this case the pro- 
ducers of X. As depicted in figure 7, the N rule 
results in an initial endowment given by Jy, an 
output vector given by F, and an output distri- 
bution of Qy. The determination of these three 
points is simultaneous; even Jy is dependent on 
F since Iy Tepresents post-production claims on 
net output.” Because property right inertia brought 
on by transaction costs will favor greater X pro- 
duction under an N rule than an R rule, point F 
lies to the left of point G. Post-production en- 
dowments and output distribution are similarly 
depicted for the R rule. 

Contract curves OF and OG in figure 7 define 
utility possibility frontiers in utility space where 
a and ß are the groups of completely homoge- 


*Production-consumption and pure consumption externalities can 
also be illustrated in this framework. Where production activities 
have externality impacts on utility functions, indifference mappings 
(and contract curves and utility possibility frontiers) will depend on 
equilibrium production. Where production opportunities are af- 
fected by consumption activities, production possibility frontiers will 
be jointly interrelated to actual consumption. Nonmarket interre- 
lationships between consumers will likewise shift indifference maps 
and utility possibility frontiers. In all of these situations N and R 
rules will necessarily induce disparate utility possibility frontiers. 
Moreover, since wealth effects may generally occur and transaction 
costs may vary, different production possibility frontiers may result 
from N and R rules. 

TAs demonstrated with figure 1, the placement of Jy is rather 
arbitrary. Its exact location is not important for the purposes of the 
present discussion. 
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Figure 7. Equilibria for alternative endow- 
ments with transaction costs 
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Figure 8. Equilibria with transaction costs 
in utility space 


nous X-producers and all others, respectively.* 
These welfare frontiers are illustrated in figure 
8 as are the equilibrium utility levels resulting 
from human action within the whole system of 
preferences, technology, and institutions. Points 
Q, and Qy completely summarize the welfare 
implications of property right choice. There are 
no conditions to prevent one of these equilibria 
from lying within the frontier defined by the other 
property right (as depicted in fig. 8). Nor is this 
relevant. The choice between property rules is 
a choice between the equilibrium outcomes rather 
than between the frontiers on which the out- 
comes lie. Each welfare frontier is not com- 
pletely feasible. Economic activity cannot lead 
to an arbitrary point of the frontier. 


POSTULATE 5. The incorporation of transac- 
tion costs required for realistic welfare frontiers 
has the side effect of rendering irrelevant all but 
one point on the welfare frontier. The choice 
between opposing N and R rules is a choice be- 
tween two and only two economic States. 


Therefore, the choice between N and R rules 
is reduced to a choice between Qy and Qg. The 
welfare frontiers are inconsequential, and the only 
choice involves whether group a@ or B is to be 
favored. Moreover, the choice itself is likely 
dominated by pre-existing social institutions 
constituting the fabric of mutual coercion. In 
specific instances these institutions may rigidly 
dictate which property rule (and which group) 


"The presumed uniqueness of the competitive equilibrium implies 
that only one point on the production possibility frontier (and, 
therefore, only one contract curve) is relevant. Thus, a single utility 
possibility frontier, not the grand utility possibility frontier, is the 
appropriate concept relating to a specific property rule. 
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is to be ascendant. Of course, to the extent that 
flexibility in property right choice remains, we 
can expect each group to exploit its nonecon- 
omic opportunities for property right capture.’ 
Because of these facts, it is rarely possible for 
economists to interpret property rule reversals as 
economically inefficient. Regardless of the rel- 
ative positions of welfare frontiers, the alter- 
native economic outcomes will be Pareto non- 
comparable as in figure 8. Only in rare cases 
where Qy is preferred to Qg (or vice versa) by 
both œ and £ can a clear position be taken. 


Institutional Choice 


By utilizing two different applications of the same 
institution, the preceding discussion has dem- 
onstrated the dependence of economic effi- 
ciency on institutional choice. Were it not for 
transaction costs, postulate 1 would apply, and 
Pareto optimality would be divorced from the 
selection of institution. It should be noted that 
the Pareto optimality of competitive equilibria 
has not been investigated here (as in the Coase 
theorem) but has been taken for granted. Pre- 
vious sections have considered the ramifications 
of incorporating transaction costs into the de- 
termination of Pareto optimality. By making 
transaction costs endogenous, the choice be- 
tween N and R rules becomes a choice between 
two different economic states, both being Pareto 
optimal. Production and utility possibility fron- 
tiers are irrelevant because they are infeasible. 
Each of these property rules is capable of sup- 
porting a single Pareto optimum. 

It is now appropriate to enrich this analysis 
with a consideration of internalizing institutions 
cther than N and R property rules. Many such 
institutions are important, but an exhaustive list- 
ing of these would be tedious. Even so, consid- 
erable insight can be achieved by inspecting some 
of the more noteworthy alternatives. First among 
these is the multitude of property rules lying along 
the spectrum whose endpoints are defined by N 
and R rules. 


Other Property Rules 


Between the two extremes represented by N and 
R rules, there is a large, indeed infinite, number 


"As Bromley has observed, it is the incidence of gains rather than 
the opportunity to obtain net social gains that motivates institutional 
change (1989, p. 240). 
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of alternative property rule specifications. These 
choices differ with respect to the endowed level 
of interdependence that instigators can/must 
generate and, simultaneously, the endowed level 
of interdependence that receptors must tolerate / 
enjoy. Expanding upon Bromley (1989), it could 
be said that we are now exploring alternate lin- 
ear combinations of rights and duties. For ex- 
ample, property rules could vest farmers with 
(a) the right to grow 100 weeds per acre and the 
duty not to exceed this amount, (b) the right to 
generate two tons of soil loss per acre per year 
and the duty not to lose more soil than this, (c) 
the duty to produce 200 pounds of oranges each 
year and the right to output in excess of this 
amount, etc. Transfer of these endowments is 
allowed and is the basis of market activity. In 
the case of the typical marketed commodity, 
manufacturers are empowered to produce and 
withhold the commodity. Potential consumers 
must tolerate this authority unless they purchase 
a portion of these rights. 

In the case of a positive externality a property 
rule can be adopted which forces each instigator 
to produce y units of the interdependence. At 
the same time such a rule will specify the initial 
allocation of these y units (assuming rivalness) 
among the interdependence benefactors. The 
quantity y can be any positive number, thereby 
illustrating the infinite possibilities for alterna- 
tive property rules. Clearly, if y is identically 
zero, then we have an N rule. As y gets large, 
the property right trends towards becoming an 
R rule. This indicates an area where the earlier 
discussion was not definitive. In the case of a 
beneficial interdependence the magnitude of y 
needed to erect an R rule is ambiguous. "° 

Consideration of property rights which are in- 
termediate to N and R rules or which employ 
alternative surrogate indices for the true inter- 
dependence simply generalizes earlier discus- 
sion. Some of the more important conclusions 
bear restatement under these more general con- 
ditions. 

° Each alternative property rule will exact its 
own unique magnitude and distribution of trans- 
action costs. In each case ensuing transactions 
will be vectored by the current information base 
regarding known and economically measurable 
determinants of the externality interdependence. 

e Property rule inertia induced by transaction 


"Similarly, in the case of a detrimental externality y would de- 
note the amount of the interdependence that instigators are allowed 
to produce. Under these conditions y = 0 implies an R mule, and 
the size of y necessary to achieve a pure N mule is indeterminate. 
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costs will favor the initial distribution. In this 
way different property rules imply different dis- 
tributions of attainable economic welfare. 

¢ Each distinct property rule will be associ- 
ated with a single attainable point in utility space 
(postulate 4). In general, many of these points 
will be Pareto noncomparable. 

Using the same techniques employed to ob- 
tain figures 7 and 8, the attainable levels of wel- 
fare associated with alternative property rules can 
be shown in utility space. The outer limit of these 
points depicts the choices inherent to the choice 
among alternative property rules (fig. 9). This 
locus (possibly discontinuous) might be termed 
the Property Rule UPF. When property rules 
represent the only institutional variant for ad- 
dressing an externality relationship, this frontier 
fully depicts the scope and implications of in- 
stitutional choice. Every point on this frontier is 
attainable in the sense that actual transaction costs 
are endogenous. 

The welfare frontier depicted in figure 9 must 
not be confused with the traditional concepts of 
UPF’s or GUPF’s. UPF’s are utility space 
mappings of contract curves, and a GUPF is the 
outer limit of an infinite number of UPF’s (one 
for each point on the PPF). The property rule 
UPF in figure 9 is composed of single points 
from a particular class of UPF’s incorporating 
transaction costs. The Property Rule UPF is not 
an outer limit of these UPF’s, but it is the outer 
limit of competitive equilibria lying on the 
UPF’s. The property rule for a single external- 
ity interdependence is variant along the welfare 
frontier depicted in figure 9; all other institu- 
tions are fixed. Social constraints which might 
narrow the feasible set of property rules for this 
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Figure 9. Property rule utility possibility 
frontier 
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interdependence have been disregarded in the 
construction of this frontier. 


Liability Rules 


The welfare frontier originating from the pre- 
ceding discussion lays the basis for similar anal- 
ysis involving broader dimensions of institu- 
tional choice. Certainly, the analysis should be 
extended to include liability rules. It has been 
demonstrated that liability rules differ dynami- 
cally from property rules (Buchanan and Faith, 
Frech). The static nature of the economic tools 
being employed here prevents immediate atten- 
tion to these dynamic elements. There appears 
to be little opportunity to usefully depict the ef- 
fects of today’s institutions on tomorrow’s wel- 
fare frontiers except by adding a time dimension 
to the welfare frontiers, and this extension is not 
pursued here. 

Liability rules also differ from property rules 
in terms of transaction costs and the degree of 
afforded protection. Liability rules offer less 
protection to endowed individuals than do prop- 
erty rules. Therefore, the liability rule possesses 
less market value. Transaction costs are distrib- 
uted quite differently when comparing liability 
rules to property rules (Bromley 1978), and, since 
the ex post determination of value in the case of 
liability rules requires an expensive judicial sys- 
tem, a large portion of transaction costs are borne 
by third parties. Like property rules, alternative 
surrogates are available and liability rules are 
continuously assignable, and, therefore, a Lia- 
bility Rule UPF similar to that in figure 9 is 
presumably applicable. 


Government Externality Policy 


The final major category of externality-address- 
ing institutions to be separately considered here 
pertains to various forms of government policy. 
Types of government policy traditionally dis- 
cussed by economists include quantity-guided 
controls such as prohibition, standards, and reg- 
ulation in general, as well as price-guided con- 
trols such as taxes, charges, subsidies, cost- 
sharing. and various other economic incentives. 
Perhaps the only characteristic serving to unify 
this class of institutions is that they are all modes 
of nonmarket activity. However, economic in- 
centives are usually characterized as decentral- 
ized while regulation is quite centralized 
(Schultze), and a great deal of literature is de- 
voted to contrasting these two subgroups. 
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Like the variety of property institutions which 
address externality interrelationships, the pur- 
pose of these alternative forms of nonmarket ac- 
tivity is to assist in establishing social and eco- 
nomic structure. The use of surrogate measures 
is also relevant. Market and nonmarket institu- 
tions are quite similar in that neither avoids 
transaction costs and in that reversal is a rele- 
vant approach for contrasting polar images of 
the same imstitution. For example, in the case 
of beneficial externality, a regulation can con- 
ceivably stete that a producer of the externality 
need not produce the interdependence at any level 
or, alternat-vely, that a producer must produce 
y units of “he interdependence. Because these 
are regulations, trade in these units between in- 
stigators ani receptors is not possible in either 
case. If the externality takes on aspects of a rival 
good in that its use is consumptive, then the reg- 
ulation might also state a distribution of these y 
units among recipients. 

In this way, transaction costs pertaining to the 
direct relationships between instigators and re- 
ceptors are greatly lessened. Instead, transaction 
costs are incurred via the relationships between 
instigators end government, on the one hand, 
and betweer government and receptors on the 
other. As with market exchange processes, 
transaction costs can be quite substantial, and 
polar regulations or polar incentives will differ 
greatly in tie magnitude and distribution of 
transaction costs. Because of the existence of 
transaction costs, perfect enforcement of regu- 
lations is no- attractive, and, depending on the 
magnitude of administrative transaction costs, 
resulting economic activity will stray from pro- 
mulgated regulations. Still, as is the case with 
property rules, resulting economic activity will 
bear some resemblance to established regula- 
tions and will be sensitive to regulatory choice. 

It must therefore be clear that alternative forms 
of government policy or alternative specifica- 
tions of the same policy will relate to different 
levels of attainable welfare. Technology is un- 
affected by available policies in this static set- 
ting; but, once a policy is chosen, transaction 
costs influence the outcomes which result in at- 
tained welfare. Again, if the concept of eco- 
nomic efficiemcy truly relates to attainable levels 
of welfare, then the concept cannot be indepen- 
dent of pclicy alternatives. Different policy ac- 
tions induce Cifferent levels and distributions of 
transaction ccsts, and it is not accurate to say 
that one particular policy is economically effi- 
cient without accounting for these differences. 

It comes as no surprise at this point that each 
nonmarket (policy) alternative is to be associ- 
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ated with a single economic outcome in terms 
of production, consumption, and utility levels. 
This outcome is selected by the whole of indi- 
vidual and collective action from transaction-cost- 
endogeneous welfare frontiers. Moreover, the 
results of many of these policies will not be Par- 
eto comparable, and the locus of outermost pro- 
duction or utility levels can be used as an effi- 
ciency frontier for nonmarket action. 


Institutional Welfare Frontiers 


Because Pareto optimality cannot be divorced 
from institutional alternatives for a given exter- 
nality, any welfare frontier depicting the range 
of efficient economic states must consider a va- 
riety of institutions. Institutional alternatives are 
endogenous to the construction of true welfare 
frontiers. It is evident at this point that the re- 
vised construction of welfare frontiers, eluci- 
dated earlier in the context of variable property 
rules, can be readily expanded to incroporate a 
much broader range of institutions. 
Implementation of different property rules, li- 
ability rules, regulation, incentives, customs and 
behavioral standards, and other nonmarket de- 
vices are construed as separate institutions with 
distinct economic consequences. The inherent 
transaction costs of each specification of each 
institution will produce an institutionally spe- 
cific production possibility frontier and utility 
possibility frontier, but individual action within 
the system of constraints and incentives will 
succeed in isolating a single point on each of 
these frontiers. Other points on these frontiers 
are not feasible (in the sense that they will not 
be chosen) and, therefore, are not entertainable 
as efficient. Various economic states then cor- 
respond to various institutions. Where these states 
are Pareto comparable, specific choices can be 
identified as inefficient. Minimally, there are 
property rule, liability rule, and nonmarket UPFs 
applicable for each externality. Superimposing 
these welfare frontiers and forming the outer limit 
to eliminate all inefficient alternatives will re- 
duce the institutional choice set to a Pareto non- 
comparable group. This group is representable 
by a curve or surface in utility space which shall 
be called the Institutional UPF (IUPF) (not il- 
lustrated). The modifier “grand” is unnecessary 
here, but the frontier is, indeed, grand in the 
sense that it embodies the full spectrum of in- 
ternalizing actions available for a given inter- 
dependence. All forms of ownership, protec- 
tion, nonmarket policy, and, in general, all 
aspects of mutual coercion are endogenous to 
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the JUPF. Grand utility possibility frontiers of 
earlier literature only incorporated resource and 
technological constraints. The JUPF also ac- 
counts for the range of humanly imposed con- 
straints available to order human interaction. 
An institutional PPF can also be illustrated in 
output space; each point on this efficiency locus 
corresponds directly with a point on the JUPF 
and a particular institutional specification. How- 
ever, the JUPF is generally a more fundamental 
and interesting concept because it highlights re- 
sultant utility levels. While variable institution 
welfare frontiers definitely connote abstract 
concepts, they are no more abstract than tradi- 
tional welfare diagrammatics and are far more 
useful as a paradigm for institutional choice. 


Implications for Portraying Institutional 
Choice 


Within the framework provided by variable in- 
stitution. welfare frontiers, shifts in property as- 
signments and nonmarket policies are best de- 
picted as movements within the region bounded 
by the JUPF. This pertains to the choice of new 
or different institutions as well as incremental 
changes in a certain type of institution. Pareto- 
relevant externalities are properly characterized 
as interdependencies currently being addressed 
by market /nonmarket structures associated with 
economic states that are strictly interior to the 
IUPF. Pareto-irrelevant externalities are those 
relationships being accommodated by institu- 
tions which place the economy on the JUPF. 

One approach to “remedying” an externality 
is judged to be better than another on the basis 
of the Pareto criterion, and, in this way, the JUPF 
leads to an institutionally unbiased comparison 
of alternative choices. The potential usefulness 
of variable institution welfare frontiers as a the- 
oretical concept stems from this unbiasedness. 
In practice, it is unacceptable to define exter- 
nality as an “interdependence without a mar- 
ket.” An externality is merely an interdepen- 
dence. If an externality is Pareto-relevant (we 
are not on the JUPF), then some sort of policy 
is needed, but that policy is not necessarily a 
market. 

Most important, these frontiers are not ideal- 
istic in that an unachievable norm for efficiency 
is maintained. Variable transaction costs and the 
effects of these transaction costs are endoge- 
nous. Social action for externality amelioration 
is therefore justified if current institutions do not 
place the economy on the /UPF or if current 
institutions do place the economy on this fron- 
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tier but with undesirable distributional conse- 
quences. 

One purpose of this theory is to give explicit 
recognition to the fact that externalities do not 
emerge into institutional voids but are always 
being addressed by some, perhaps very subtle, 
coercive structure. In this sense externality cor- 
rection, resolution, and internalization are all 
vague terms unless they refer to institutions 
which, if adopted, would move society to the 
IUPF. Because a proper analysis incorporating 
transaction costs has never been performed to 
investigate the global efficiency of a prospective 
institution, the applicability of such terms is 
highly questionable in all but conceptual work. 
Moreover, the empirical difficulties to be en- 
countered in such a rich analysis imply that the 
chances of ever satisfying this requirement are 
quite remote. 

Finally, it is impossible to appeal to economic 
efficiency (in the Paretian sense) as a norm to 
guide institutional choice. Taking the JUPF and 
dimensioning it into hyperspace to accommo- 
date a utility axis for every individual has the 
effect of grossly multiplying the number of Par- 
eto noncomparable (and therefore efficient) in- 
stitutions. The economic analysis of social op- 
tions intended to accommodate a given externality 
interdependence will rarely be able to consider 
a wide range of alternatives. Agenda formation 
within decision-making and research processes 
almost certainly excludes many institutional al- 
ternatives because of the limited scope of these 
processes and our limited abilities to understand 
and characterize many alternatives. Institutional 
bias may always be present because selection is 
from a subset of the actually available institu- 
tions. 


[Received February 1990; final revision 
received September 1990.] 
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Factor Demands in the U.S. 
Food-Manufacturing Industry 


Kuo S. Huang 


This paper analyzes the demand for labor, capital, and energy in the U.S. food- 
manufacturing industry using Allen and Morishima elasticities of substitution. The 
demand for capital is more elastic than for labor and energy, and these production 
factors are substitutable, especially between capital and labor. 


Key words: conditional factor demands, elasticity of substitution. 


Some U.S. food-processing technologies re- 
quire heavy use of energy and capital equip- 
ment, while labor costs relative to value of ship- 
ments are smaller than for other types of 
manufacturing. In past years, the food manu- 
facturers faced a steady increase in the price ra- 
tio between labor and capital and a sharp in- 
crease in the price of fuel and energy during the 
1970s but a continued decrease since 1981. To 
make decisions in resource allocation, food 
manufacturers need information on the nature of 
industrial demand for factor inputs. 

Numerous studies have analyzed demand for 
production factors in various sectors of an econ- 
omy. Examples include Berndt and Christensen, 
Berndt and Wood, and Fuss in the general man- 
ufacturing sector, and Binswanger, Ray, Lopez, 
and Shoemaker in the agricultural sector. How- 
ever, little attention has been given to factor de- 
mands in the U.S. food-manufacturing industry. 
The objective of this study is to analyze the de- 
mand for nonfood inputs such as labor, capital, 
and energy in U.S. food manufacturing. Agri- 
cultural or marine raw products and packaging 
and containers are not considered, partly be- 
cause of little perceived interdependent relation- 
ships between materials and nonfood inputs and 
partly because of difficulty in measuring quan- 
tity and price. 

In addition to the Allen partial elasticity of 
substitution (AES), a major focus is on measur- 
ing the Morishima elasticity of substitution (WES) 
to explain factor demands and their interdepen- 
dent relationships. Because MES is not fre- 
quently used by applied economists, a brief ex- 
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planation of MES and its linkage to cost function 
is given followed by an application to the U.S. 
food-manufacturing industry. 


Conceptual Framework 


Consider a production technology F(X) for a 
vector of n-factors X. The corresponding cost 
function is defined as the minimum cost of at- 
taining product Q at a vector of factor prices W 
as 


GQ) C(W,Q)= min [W'X; F(X) = Q]. 


This cost function is concave and linear ho- 
mogenous in W. 

Denoting C(W, Q) and C,(W, Q), respec- 
tively, as the first- and second-order partial de- 
rivatives of thé cost function with respect to fac- 
tor prices, one can apply Shephard’s lemma and 
derive a conditional factor demand for the ith 
factor X* as a function of W and Q: 


(2) XW, Q) = CW, Q). 


This conditional factor demand function is ho- 
mogenous of degree zero in factor prices. Fur- 
thermore, the (constant-output) cross-price elas- 
ticity, Eş, for ith factor with respect to jth factor 
price is then obtained as 


(3) E; = W,C,(W, Q)/CAW, Q). 


Hicks defined the elasticity of substitution for 
a two-factor production function as the ratio of 
factors in response to a change in their relative 
prices. Later Allen (p. 504) extended the defi- 
nition to account for the adjustments for more 
than two factors and defined “partial elasticity 
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of substitution” between ith and jth factors as 
below: 


(4) AES, = p X#(W, or 


i=] 


/ [XACW, QUAF(W, onesie ), 


where F; is the marginal product of ith factor, 
F is a determinant of the Hessian matrix (its ele- 
ment denoted as F;) bordered by marginal prod- 
ucts, and Ff is a determinant of the cofactor of 
F; in the matrix of F. 

Although AES has been widely used, its ap- 
plicability to the demand for production factors 
is rather limited. The definition of AES deviates 
from Hicks’ definition for two-factor production 
and does not explain factor substitution explic- 
itly. Besides, AES is not a measure of the cur- 
vature of the isoquant, it provides no informa- 
tion about relative factor shares, and it cannot 
be interpreted as the marginal rate of substitu- 
tion (Blackorby and Russell). 

An alternative measure of factor substitution 
known as the Morishima elasticity of substitu- 
tion is defined as a logarithmic derivative of a 
quantity ratio in factors with respect to a ratio 
of its factor prices: 


(5) MES, = 
—dln[X*(W, Q)/X*(W, Q)]/dln[W,/W)). 


MES measures the percentage change in the ra- 
tio of a pair of factors in response to a change 
in their relative prices. It is a natural general- 
ization of the Hicksian two-variable elasticity. 

Because the conditional factor demand func- 
tion (2) is homogenous of degree zero in factor 
prices, the demand function is invariant by di- 
viding through the prices with a particular price, 
say W; that is, 


(6) X7 (W, Q) = XW, /W;, s.s 

W;-ı/W;, Wir W; eae: 35 W,,/W), Q). 
The differentiation can be carried through the 
chain rule by differentiating the X{.) directly with 
respect to the variable expressed in terms of W,/ 
W;. The result is a workable form of MES ex- 
pressed as 


(7) 


This derivation is more convenient and straight- 
forward than the expression derived in Black- 
orby and Russeil. 


MES; = E; ae E;;. 
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According to equation (7), the effect of a 
variation in the factor price ratio W;/W, can be 
divided into two components: (a) the effect on 
X#(W, Q) given by the cross-price elasticity E;;, 
and (b) the effect on X*(W, Q) given by Ex. One 
property of MES is asymmetry in that the effects 
of change in W,/W, and W,/W, upon their cor- 
responding adjustments to the ratio of factor de- 
mands need not be the same. MES can also pro- 
vide complete comparative static information 
about relative factor cost shares in response to 
a change in factor prices expressed as 


(8) dln[W,X*(W, Q)/WXF(W, Q)} 
/aln(W,/W,] = 1 — MES,. 


The relative cost share is decreasing (increasing) 
if the MES is greater (less) than one. 

Thus far, factor demand relationships are ex- 
pressed in terms of an unknown cost function. 
Some empirical applications use a translog cost 
function expressed as 


(9) InC= >) a;InW,+ 1/2 >) > 
i=] 


i=1 j=] 


By In W, in W, + >) Big n Q In W; 
i=] 


+ a,inQ + 1/2 B,,(In oy 
+ Ss) ô; In WT + ô, ln QT + wT + WT’, 


i=] 


where variables C is cost, Q is production, W; 
is the ith factor price, and T is a time trend to 
represent the level of technical progress. 

To ease potential estimation problems such as 
lack of degrees of freedom, the cost function is 
not estimated directly; rather, a set of the factor 
cost share equations is estimated. A typical cost 
share equation for ith factor, say S;, derived by 
applying Shephard’s lemma to the cost function 
is expressed as 


(10) S;=a;+ >) biln W; + Bung + 67 
= i=1,2,...,0. 


Moreover, in order to satisfy the properties of 
neoclassical production theory and the adding- 
up property of cost shares, the following param- 
eter restrictions are required: 


` Œ; = L, Bi tä By, J = l, Z; a.a} n), and 
i=] 


> By = >, bs = >, Bu = >, & = O. 
jm! i=] i=] i=] 
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Given the estimated cost parameters, one can 
derive MES, AES, and the price elasticities of 
conditional factor demands as follows: 


(11) MES, = (By + S,S)/S; 
— (By + S? — S)/S;G Aj), 
(12) AES; = (By + Si — S)/S;. 
(13) AES; = (By + S;S;)/S,S; (i ¥ j), 
(14) E; = (Bu + S? — S)/S;, and 
(15) Ey = (By + S)S))/S; G4 j). 


U.S. Food-Manufacturing Application: Data 


To investigate the demand for labor, capital, and 
energy in the U.S. food-manufacturing indus- 
try, data are required on the unit price and total 
cost of each factor as well as on the value and 
quantity of industrial production. Most of the 
data are compiled from the Annual Survey of 
Manufactures (ASM), SIC code 20 (Food and 
Kindred Products) for 1971—86. Prior to this pe- 
riod, data for each sector of food manufacturing 
experienced serious definitional changes. The 
ageregate food sector includes the following nine 
categories: (1) meat products, (2) dairy prod- 
ucts, (3) preserved fruits and vegetables, (4) grain 
mill products, (5) bakery products, (6) sugar and 
confectionery products, (7) fats and oils, (8) 
beverages, and (9) miscellaneous food and 
kindred products. 

The value of food-manufacturing production 
is defined as the value of shipments adjusted for 
inventory changes of finished products. The ag- 
gregate price of the food-manufacturing product 
is defined as the Laspeyres price index for the 
producer price indexes of each food category 
(compiled from the Producer Price Index, PPI), 
using 1982 shipment values as weights. The ag- 
gregate price index is used to deflate the value 
of production to obtain an approximate quantity 
measure. 

The cost of labor is the total wage payments 
for production workers, while unit labor price 
refers to the average wage payments per pro- 
duction worker per hour. The cost of energy is 
the total cost of purchased fuels and electric en- 
ergy. The producer price index for fuel and power 
is used to represent the price of energy. 

Implicit price deflators for gross fixed non- 
residential capital investment for structures and 
producers’ durable equipment, compiled from 
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the Survey of Current Business (SCB), are used 
as an approximate price index for capital ser- 
vices. The cost of capital services for equipment 
and structures is the sum of depreciation, rental 
payments, and interest on the food-manufactur- 
ing net assets. Data for depreciation charges, 
rental payments, and the gross book value of 
depreciable assets are available in ASM. Be- 
cause depreciation charges for 1972—76 and 1986 
are not reported, this study projects them on the 
basis of a log-linear regression by fitting the de- 
preciation charges (D) as a function of begin- 
ning-of-year structure and equipment assets (K) 
for 1977-85: 


In D = —3.3195 + 1.0629 ln K 
(0.0292) 
R? = 0.99 
D-W = 2.60. 


Finally, the interest on net assets is calculated 
by multiplying the value of beginning-of-year 
assets by the Moody’s Corporate Industrial Bond 
Rate from SCB. 


Empirical Results 


The cost structure of the U.S. food-manufac- 
turing industry is characterized by estimating 
three cost share equations as in equation (10) for 
labor, capital, and energy. Because the cost 
shares of the three equations always sum to unity, 
the sum of the disturbances across these equa- 
tions is zero at each observation. This implies 
that the covariance matrix of residuals is sin- 
gular, and one of the cost share equations should 
be dropped from direct estimation. The remain- 
ing equations are then estimated simultaneously 
by applying Zeller’s seemingly unrelated regres- 
sion method, while the parametric constraints 
are incorporated. 

As indicated in Berndt and Savin (p. 942), if 
one uses the covariance matrix of residuals ob- 
tained from applying ordinary least squares to 
unrestricted equations as prior information for 
estimation, the estimates of the parameters are 
the same regardless of which cost share equa- 
tion is deleted. This study uses this approach, 
and the invariant property of estimates has been 
verified. 

A time-trend variable as a proxy for technical 
progress was initially included in the model. 
However, because of multicollinearity, the es- 
timated coefficients for the time trend were not 
statistically significant. Consequently, the time- 
trend variable was excluded from the model. In 
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addition, the relatively short sample period (15 
years) precluded testing for structure changes in 
the food-manufacturing industry. 

The estimation results are reported in table 1. 
Most of the estimated parameters (13 out of 15) 
are statistically significant at the 5% level. The 
percentages of root-mean-square error to sample 
mean are about 7% or less for each equation. 
These estimated parameters and their covariance 
matrix of errors together with the observed fac- 
tor cost shares at sample means are the basic 
information for computing the estimates of fac- 
tor demand relationships contained in tables 2 
and 3. The factor cost shares used in the cal- 
culation are labor (0.5376), capital (0.3393), and 
energy (0.1231). 

Based on equations (14) and (15), the (con- 
stant-output) price elasticities of factor demands 


t 
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are obtained and shown in table 2. The results 
suggest that the demand for capital is quite elas- 
tic with an elasticity of 2.08, while the demand 
elasticities of labor and energy are 1.05 and 0.49, 
respectively. The high elasticity of demand for 
capital probably reflects the industry’s high cap- 
ital-intensive technologies. As indicated in Con- 
nor and others (p. 39), food processing is more 
capital intensive than such heavy industries as 
machinery and transportation equipment; only 
four major industry groups (paper, chemicals, 
petroleum, and primary metals) are more capital 
intensive than food manufacturing. The cross- 
price elasticities show a strong substitution re- 
lationship between capital and labor with elas- 
ticities 1.78 for the demand of capital and 1.12 
for the demand of labor. Capital and energy are 
substitutable, and labor and energy are comple- 


Table 1. Estimated Parameters of Cost Function 





Factor Price of 


Output 
Equation Constant Labor Capital Energy Quantity a 
Share of: 
Labor —0.77999* —0.31504 0.42180 —0. 10677 0.03897* 2.48 
(0.92447)° (0.05781) (0.06281) (0.01201) (0.06553) 
Capital 4.18320 0.42180 —0.48148 0.05968 —0.22115 5.15 
(1.13008) (0.06281) (0.07087) (0.01533) (0.08114) 
Energy — 2.40319 —0.10677 0.05968 0.04708 0.18218 6.81 
(0.35868) (0.01201) (0.01533) (0.00608) (0.02732) 


*C.¥V. is the percentage of root-mean-square error to sample mean. All estimates except for those marked with (*) are significant at the 


5% level. 
» Standard errors are in parentheses. 


Table 2. Elasticities of Conditional Factor Demands and Allen Partial Elasticity of Substi- 


tution (AES) 





Measure Labor 
Elasticity 
Labor — 1.04849 
(0.10754) 
Capital 1.78056 
(0.18510) 
Energy —0.32976 
(0.09759) 
AES 
Labor — 1.95048 
(0.20006) 
Capital 
Energy (Symmetry) 


Factor Price of 


Capital Energy 
1.12401 —0.07551 
(0.11685) (0.02235) 
—2.07953 0.29897 
(0.20886) (0.04519) 
0.82417 —0.49441 
(0.12457) (0.04940) 
3.31231 —0.61344 
(0.34434) (0.18155) 
—6.12813 2.42872 
(0.61547) (0.36708) 
—4,01639 
(0.40133) 





Note: Elasticities and their standard errors (in parentheses) are computed on the basis of equations from (12) to (15) at sample mean of 


cost shares. All estimates are significant at the 5% level. 
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mentary; however, the cross elasticities are rel- 
atively small. 

The interdependencies among labor, capital, 
and energy are further confirmed by the Allen 
elasticities of substitution shown in the lower half 
of table 2. The elasticities signify substitution if 
the sign is positive and complementarity if the 
Sign is negative. The substitution relationship 
between labor and capital is supported by pre- 
vious studies of manufacturing industries. For 
example, Berndt and Christensen found that the 
Alien elasticities of equipment-labor and struc- 
tures-labor ranged from 1.22 to 1.79 in U.S. 


manufacturing for 1929—68. Fuss found that the 


Allen elasticity between capital and labor was 
about 0.8 in Canadian manufacturing for 1961— 
71. In another study, Berndt and Wood found 
that the Allen elasticity between capital and la- 
bor was about 1.01 in U.S. manufacturing for 
1947-71. 

The Morishima elasticities of substitution cal- 
culated on the basis of equation (11) are com- 
piled in table 3. The entries in the off-diagonal 
of the table reflect the adjustments of relative 
factors in response to a change in the ratio of 
relative factor prices. Their signs are all posi- 
tive, implying that any pair of factors is substi- 
tutable with each other. In particular, the elas- 
ticities of factor ratios, labor-capital and capital- 
labor, are large, respectively, 2.83 and 3.20. The 
substitution between labor and energy is incon- 
sistent with the Allen elasticity measure mainly 
because of different definitions; a Morishima 
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elasticity is related to the adjustment of two fac- 
tors, while a partial adjustment of one factor is 
allowed in an Allen elasticity. 

Both MES and AES indicate a strong substi- 
tution relationship between capital and labor. In 
fact, there is a trend of more intensive use of 
capital but less of labor in past years especially 
in light of the steady increase in the price ratio 
between labor and capital since 1982. The cap- 
ital input index (1982 = 100) increased from 
67.50 in 1972 to a peak of 110.15 in 1984 and 
then slightly decreased thereafter. On the other 
hand, the labor input index declined from 106.57 
in 1972 to 95.02 in 1986. 

The interrelatedness of factor demands is also 
shown in the variation of industrial cost struc- 
ture in response to a change in factor prices. 
Based on equation (8), the elasticities of each 
pairwise factor cost share with respect to their 
factor prices are shown in the lower half of table 
3. As indicated before, these results are closely 
related to the magnitude of Morishima elastici- 
ties; the relative cost share decreases if the Mor- 
ishima elasticity is greater than one and in- 
creases if it is less than one. For example, the 
—1.83 elasticity of labor-capital indicates a sig- 
nificant reduction in the cost share of labor to 
capital in response to relatively higher wages than 
capital price. On the other hand, the 0.58 elas- 
ticity of energy-labor indicates that a marginal 
increase of energy price would cause an in- 
crease of the cost share of energy relative to la- 
bor. 


Table 3. Morishima Elasticities of Substitution (WES) and Effects of Factor Price on Cost 





Shares 
Factor Price of 
Measure Labor Capital Energy 
MES 
Labor 2.82905 0.71874 
(0.29153) (0.11896) 
Capital 3.20354 2.90370 
(0.32427) (0.30093) 
Energy 0.41890 0.79338 
(0.04612) (0.08684) 
Cost share e 
Labor — 1.82905 0.28126 
(0.29153) (0.11896) 
Capital —2,20354 — 1.90370 
(0.32427) (0.30093) 
Energy 0.58110 0.20662 
(0.04612) (0.08684) 





Note: Elasticities and standard errors (in parentheses) are computed on the basis of equations (8) and (11) at sample mean of cost shares. 


All estimates are significant at the 5% level. 
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Concluding Comments 


This study analyzes the demand for labor, cap- 
ital, and energy and their interdependent rela- 
tionships in the U.S. food-manufacturing indus- 
try. The results show that the demand for capital 
services is more highly elastic than for labor and 
energy. Thus, any policy measures to reduce the 
price of capital services, such as investment tax 
credits and lower interest rates, would signifi- 
cantly increase the demand for capital. The de- 
mand elasticities of labor, capital, and energy in 
response to energy price changes are relatively 
low. They indicate that the relatively large 
changes in the prices of fuel and energy expe- 
rienced over the sample period did not cause 
much adjustment in factor utilization. 

The Morishima elasticity is, in general, better 
than the Allen ‘elasticity for representing the fac- 
tor substitution relationship because of its ca- 
pability to explicitly explain the adjustment of 
factor combinations in response to relative price 
changes. The estimated Morishima elasticities 
indicate that labor, capital, and energy are sub- 
stitutable especially between labor and capital. 
This is evidenced by the recent trends in the food- 
manufacturing industry to substitute computers 
and automated machines for human operations 
in light of the steady increase in the labor to 
capital price ratio. 


[Received March 1990; final revision received 
November 1990.] 
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Government Intervention in 
Imperfectly Competitive Agricultural 


Input Markets 


Steve McCorriston and Ian M. Sheldon 


The frequent demands for protection by the fertilizer industry in many developed 
countries may have important implications for the agricultural sector. This paper 
provides a theoretical justification for government intervention in the fertilizer market in 
the form of an import tariff against foreign competitors. However, a superior policy 
would be for the government to counter the competitive distortion that exists in the 
market. An even better outcome is attained by using both policies simultaneously. 
Moreover, since the fertilizer industry undergoes continuous structural change, the 
extent to which optimal policies should vary is also investigated. 


Key words: fertilizer market, government intervention, imperfect competition, structural 


change. 


In many developed countries, the domestic fer- 
tilizer industry often demands and receives gov- 
ernment support. The bases for these requests 
include aid to improve the competitiveness of 
domestic manufacturers, to protect the industry 
as it undergoes rationalization, and to counteract 
the aggressive export policies of foreign com- 
petitors. An example of the former is the U.S. 
National Gas Policy Act in use over the early 
1980s which lowered the manufacturing cost of 
ammonia (the main feedstock of most manufac- 
tured fertilizers) by an estimated 50% (European 
Commission). In the case of the fertilizer in- 
dustry undergoing rationalization, the Japanese 
government imposed a number of measures to 
limit or exclude imports while a restructuring of 
ammonia, urea, and phosphoric acid facilities 
were being implemented (Lancaster). The latter 
case has been typified by the complaints in re- 
cent years by the European fertilizer industry to 
the EC Commission and national governments 
of unfair competition from Eastern bloc export- 
ers. Some estimates report that exports from the 
Eastern bloc were selling at prices 25% below 
West European cost levels (Agra Europe). 
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Despite the implications of government inter- 
vention in the fertilizer industry for farmers, ag- 
ricultural economists have largely paid little at- 
tention to these issues. The aim of this paper, 
therefore, is to explore whether there are any 
theoretical justifications for government inter- 
vention in agricultural input markets. The ref- 
erence point for this analysis is the recent de- 
velopments in the international ‘trade literature 
which suggest that there may be a normative 
justification for government intervention in the 


` presence of imperfect competition. 


These theoretical developments are applied to 
the fertilizer industry using the UK market as a 
case study, and values for the optimal degree of 
protection (tariffs) are derived. However, two 
further issues are explored. First, the welfare ef- 
fects resulting from trade policy intervention are 
compared with alternative policies. Specifi- 
cally, the welfare effects of antitrust legislation 
(as proxied by a production subsidy) which cor- 
rects the competitive distortion arising in the do- 
mestic market are estimated. A final policy con- 
sideration is the simultaneous use of tariffs and 
antitrust legislation. Second, the theoretical jus- 
tification for intervention rests on the imper- 
fectly competitive nature of the fertilizer indus- 
try. However, market structure is not necessarily 
a constant variable. For example, in the case of 
the UK fertilizer market, firms have exited the 
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industry. Consequently, even if intervention is 
justified, the degree of intervention likely varies 
as market structure changes. Therefore, the re- 
sponse of optimal policies to changes in the 
structural characteristics of the fertilizer indus- 
try is also investigated. 

The paper is organized as follows. The first 
section outlines the rationale for government in- 
tervention in imperfectly competitive markets. 
The structural characteristics of the fertilizer in- 
dustry in developed countries are outlined in the 
secend section. The theoretical framework, based 
on Dixit (1988), is presented in sections three 
and four. Section five calibrates the theoretical 
framework to the UK fertilizer market. The ex- 
tent and effects of government intervention in 
the fertilizer market and how such government 
intervention should vary in response to changes 
in market structure and firms’ behavior are then 
discussed. 


Rent-Shifting Trade Policy 


Recent developments in the international eco- 
nomics literature have explored the role for gov- 
ernment policy when markets (home and for- 
eign) are imperfectly competitive. The rent- 
shifting justification for an active trade policy is 
characterized by the work of Brander and Spen- 





Fertilizer market analysis 


Figure 1. 
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cer (1984, 1985), Krugman, Dixit (1984), and 
Eaton and Grossman, among others. The basis 
for these arguments applied to an import market 
can be explained diagrammatically. 

Two groups of firms (home and foreign) are 
assumed to share the domestic market. For sim- 
plicity, their costs are assumed equal and con- 
stant. With prices initially at P,, the domestic 
firms take OQ, of the market, while the foreign 
firms acccunt for QQ, (see fig. 1). With a tar- 
iff, the exporters’ market share falls to Q3Q,, 
while the domestic firms expand their market 
share to OQ. As a result of the tariff, the price 
has now rsen to P, and a terms of trade effect 
is denoted by P, — t. Domestic producers gain 
following an increase in profits (A + D), con- 
sumers lose (—A — B — C) and government rev- 
enue increases (B + E + G). The net welfare 
effect is E + G + D — C. The essence of these 
strategic trade policy arguments is that, despite 
the potentially significant losses to consumers, 
the increase in the domestic firms’ profits cou- 
pled with the government’s receipt of tariff rev- 
enue is sufficient to outweigh the consumer sur- 
plus loss. Of course, this implies that the 
governmert applies equal weight to the three in- 
terest groups; if, however, the government ap- 
plied a greater weight, say, to consumers’ in- 
terests, then the simple rent-shifting argument 
for trade policy may become less desirable. 

While tke tariff counteracts the trade distor- 
tion, the domestic distortion of too little output 
persists. Consequently, if the government en- 
forced antitrust legislation that ensured prices 
equalled costs, consumer surplus would in- 
crease by] + D+ E + F + H and the domestic 
firms would lose profits equal to —/, giving a 
net change in welfare of D +E + F + H. 
Clearly. if F + H is larger than G — C, then 
antitrust lezislation is a superior means of in- 
creasing nétional welfare compared to the op- 
timal tariff. However, a first-best policy may be 
a combination of the tariff and antitrust legis- 
lation that counters both distortions simulta- 
neously. 


' The ouccom- of this game is sensitive to the strategic variable 
because optima. policies may depend upon whether firms play 
Cournot (quanti-y strategies) or Bertrand (price strategies). Eaton 
and Grossman kave shown that, for an exporter, Cournot conjec- 
tures would imply an optimal export subsidy while Bertrand con- 
jectures would lead to an optimal export tax. However, in the con- 
text of an import market, tariffs are optimal for both Cournot and 
Bertrand ccnjectures, though, as Cheng has shown, the values for 
the optimal tarifs will differ. 


= McCorriston and Sheldon 


Structural Characteristics of the Fertilizer 
Industry 


While it is difficult to generalize, the fertilizer 
industry in many developed countries tends to 
be concentrated in nature. Access to raw ma- 
terials such as natural gas, the capital-intensive 
nature of production, and economies of scale 
often create barriers to entry. Within the EC one 
or two dominant firms co-exist with a “com- 
petitive” fringe of smaller firms who blend fer- 
tilizers for local and regional markets (European 
Commission). For example, in the UK three firms 
now account for 80% of the market (UK Census 
of Production), with ICI taking just over 50%. 
Elsewhere in the EC, Ercros accounts for 60% 
of the Spanish market (Financial Times), BASF 
and Norsk Hydro (formerly VEBA) dominate 
the West German market, while Cdf Chemie and 
Norsk Hydro (formerly COFAZ) account for a 
substantial share of the French market (Euro- 
pean Commission). The U.S. fertilizer industry 
is less concentrated (Leibenluft), with eight firms 
taking a 57% market share in 1982 (U.S. Cen- 
sus of Manufactures). Pressure from imports in 
the 1980s has forced some plant closures in the 
United States, which may have led to increased 
seller concentration (Daberkow). 

In terms of market behavior and performance, 
there is some evidence that firms in developed 
countries have acted less than competitively. 
Shaw has traced price and product competition 
in the UK fertilizer industry in the postwar pe- 
riod, finding evidence for periods of oligopol- 
istic accommodation as characterized by parallel 
pricing, interspersed by the occasional price war. 
Bayri, Rosaasen, and Furtan indicate that Ca- 
nadian manufacturers have set prices in order to 
limit entry and maintain above-normal profits. 
However, the ability of firms to act less than 
competitively has been constrained by recent 
changes in the world fertilizer market. A shift 
in supply away from developed Western coun- 
tries to developing and Eastern bloc countries 
has placed the former under greater competitive 
pressure. In particular, the EC market has been 
characterized by an inflow of low-priced im- 
ports (Agra Europe) resulting in increased de- 
mands by EC firms for protection from the pred- 
atory pricing tactics of non-EC firms. 

Given these structural characteristics a prima 
facie case can be made for applying the theo- 
retical arguments for government intervention 
when markets are imperfectly competitive to the 
fertilizer industry. However, as the structure of 
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the industry changes, so too should the extent 
of government intervention. For example, as the 
fertilizer industry becomes less competitive as a 
result of a change in its economic environment, 
one would expect a priori change in the level of 
the tariff and subsidy values for the policies to 
remain optimal. Typically, the factors affecting 
the fertilizer industries in developed countries in 
recent years have included changes in the num- 
ber of fertilizer manufacturers, changes in costs 
(e.g., energy, wages, etc.) and increased com- 
petition from third-country exporters (dump- 


ing). 


Derivation of Optimal Policies 


The theoretical underpinnings for this paper are 
based upon Dixit (1988) and are fully explained 
in the appendix. The essential features of the 
model are as follows: the structure of the UK 
fertilizer market is divided into two, where sub- 
script 1 refers to the dominant firms and sub- 
script 2 refers to the blenders who act primarily 
as importers of urea (a substitute for ammonia); 
domestically produced fertilizers and imports are 
considered imperfect substitutes in agricultural 
production, these products being differentiated 
by nitrogen content per tonne; firm behavior is 
modeled as a Nash equilibrium in conjectural 
variations, although no explicit behavior (e.g., 
Cournot) is imposed on the model. 

National welfare is the sum of farmers’ pro- 
ducer surplus (J), the dominant firms’ profits 
(I) and government revenue/expenditure (t and - 
s, where ż¢ is a tariff and s is a production sub- 
sidy, the proxy for antitrust policy), as given by 


(1) W =T + IL + (tQ, — sQ). 


The government’s objective is to choose val- 
ues for ¢ and s that maximize national welfare. 
Essentially, the government has three policy 
choices: first, it can calculate a value for the op- 
timum tariff without a production subsidy (s = 
0); second, it can derive a value for the optimal 
production subsidy without a tariff (t = 0); or, 
finally, it can choose a joint policy combina- 
tion. In the latter case, one policy will likely, 
in part, substitute for the role played by the other. 

The optimal tariff without a subsidy is found 
by maximizing welfare with respect to ¢. Fol- 
lowing Dixit, this gives an expression for the 
optimal tariff as 


(2) t = QV. + (Q,V,)k/(b; + Vi). 
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Substituting for Q, and Q, from (A13), the ex- 
plicit expression for the optimal tariff is 


(3) 


where 8; = (b; + Vò. 

The values for a;, b;, and k are taken from the 
inverse demand equations as shown in (A5) and 
(A41. The value for the optimal tariff is, there- 
fore, dependent on the nature of competition in 
the market (V;) and relative costs between the 
home industry and its competitors. With respect 
to firms’ behavior, the higher the value for V,, 
the higher the value of the optimal tariff. Intu- 
itiveiy, a high V, suggests that the home indus- 
try has market power. A higher V, suggests higher 
supernormal profits for the foreign industry. 
Thus, high values for V; suggest a stronger role 
for tariffs in order to shift profits from the for- 
eign industry to the home country. 

The other determinant of the optimal tariff 
value is relative costs. In particular, since (BiV> 
— KN) is likely negative and (B-V; — BV» is 
positive, assuming that the values for a; are sim- 
ilar, then differences between home and foreign 
costs are important. Thus, a home industry with 
a cost advantage strengthens the argument for a 
tariff, while a foreign industry with a cost ad- 
vantage weakens the argument for a tariff. 
However, if costs are sufficiently similar and the 
two types of fertilizer are sufficiently imperfect 
substitutes for each other, then an optimal tariff 
will be justified.’ 

The optimal production subsidy is derived in 
a similar way to the tariff. Maximizing welfare 
with respect to s gives 


(4) s = QV; + (Q2,V2)k/(b2 + V2), 
and substituting for Q, and Q, from (A12) gives 


(5) s= 


where 6; is defined as above. 

Again, government policy will vary with costs 
and the conjectural variations parameters. The 
lower the values for V;, the lower the value for 
s; i.e., because the market is tending towards 
perfect competition, there is less need for s to 
overcome the competitive distortion. The greater 


* Cheng has analyzed the possibility of corner solutions when 
costs are sufficiently differentiated and products are homogenous. 


(a, — c1(B3V; j k’V2) + (az — €2)K(B,V2 — BrV;) 
| BB: aa V,) T k*(V, — Bz) 
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the cost advantage of the home firm, the greater 
is the need for a production subsidy. 


Sa EE hd) Te eG EY) 
BiB: T V2) a *(B, + Vp 


? 


The joint optimum is derived by maximizing 
(1) with respect to t and s. Thus, the optimum 
tariff when s does not equal zero is 


= — (a; — €))KV2 + (az — C2) b1V; 


6 | 
( ) (b; + 2V,)b, EE k? 


Similarly, the optimal subsidy when ¢ does not 
equal zero is 


(a, — €))Vi(b2 + 2V2) — (ao — CQ)KV, 


(7) s= x 
(b, + 2V,)b, — k? 


The determinants of the joint optimum tariffs and 
subsidies follow the intuition outlined above. 


Adjustmert of Policies to Structural Change 


As indicated in section two, the fertilizer in- 
dustry in developed countries is subject to fre- 
quent pressires. Thus, given that there is a nor- 
mative justification for government intervention 
(in one form or another), it is worthwhile to 
consider hcw these policies should vary when 
the structural characteristics, i.e., c; and V;, of 
the fertilize- industry change. In particular, the 
effects of firm exit from the fertilizer industry 
are emphasized in this section. 

Exit of firms from the market, say through 
take-over by a competitor, has been a recurring 
characteristic of structural change in the Euro- 


> 


pean fertilizer industry.’ In the UK market, the 
number of Cominant firms has recently fallen 
from four to three as one firm (UKF) swapped 
its producticn facilities with Kemira in ex- 
change for capacity in the Dutch market. Exit, 


Particularly nctable are the activities of the Norwegian-based 
Norsk-Hydro, which has acquired production capacity in most 
countries in Western Europe (McCorriston and Sheldon). 


McCorriston and Sheldon 


which will increase seller concentration, can be 
captured by a fall in nı. Hence, given V, = 
—b,/n,, the fall in the number of firms n, will 
lead to an increase in V,. Because the change in 
V, will be reflected in a change in'p,, the change 
in the optimal tariff is obtained by deriving dt/ 
dV, and dp,/dV, to give 
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fallen as a result of government subsidies (Eu- 
ropean Commission); lower oil prices in the mid- 
1980s reduced both the costs of domestic and 
foreign firms; and accusations of dumping by 
exporters characterizes changes in foreign com- 
petitors’ behavior. 


(8) dt} kAB(A' — 282V,) + V2.4" — 2V2B, — k*)] 
dpi\.-9 2(Bob, — ABIB + V2) — kB + VO)” 

where A’ = (8,8, — kô), and 

(9) ee 

dt Gee Model Calibration 


AD \oeo [b2 + 2V2)b, — K7120,\(Bab, — Kk)’ 


where A’ is given as above and Q, is the initial 
level of output. 

By a similar procedure, the change in the op- 
timal subsidy will be given as 








ds A’*(2b, + V3) 
(10) — Se a and 
dp, 1=0 2(B 2b, — k?) Bb, — k“b 
(11) 
ds = [(a, — c,)(b, + 2V2) — kla: — J JA’ 
dp: | xo [(b2 + 2V2)b, — k?°]2Q,(B2b; = k’) i 


where A’ and Q, are as defined above. 
Because the rise in V, is indicative of greater 
concentration in the fertilizer industry, the value 
for both optimal policies is expected to increase. 
Besides exit of firms, other changes in market 
structure will also affect the values of optimal 
policies. These will include changes in domestic 
and foreign firms’ costs and the behavior of for- 
eign firms. The direction of policy adjustments 
is summarized in table 1. The structural changes 
shown have been typical of those that have af- 
fected the European fertilizer industry in recent 
years; domestic costs have fallen because of in- 
creased technical efficiency; exporters’ costs have 


In order to quantify the optimal policies outlined 
above, estimates of the parameters in the de- 
mand system (A3) and (A4) are needed. How- 
ever, equations (A5) and (A6) indicate five un- 
knowns (A,, A», B,, Ba, and K) but only two 
relations between them. Consequently, three 
further relations are required to solve the sys- 
tem. Following Dixit (1987), expressions for the 
elasticities of demand and substitution are de- 
rived and set equal to empirically observed val- 
ues. | 

Because the products of the dominant firms 
and of the blenders are treated as imperfect sub- 
stitutes, the price elasticity of demand is inter- 
preted as the effect of an equiproportionate rise 
in the price of the two products on total fertilizer 
expenditure Q. Therefore letting p, = PP and 
pa = P§P, where P} and P$ are initial prices and 
P is the proportional change factor, the aggre- 
gate expenditure for fertilizers can be written as 


(12) O= PQ, + P20>. 

Given that p, and p, are the initial prices in 
the calibration, and substituting equations (A5) 
and (A6) into (28), the aggregate expenditure 
index can be written as 


(13) Q = pA, + pA — (Bipi 
T Bp; ~ 2Kp,p2)P. 





Table 1. Adjustment of Policies to Structural Change . 
Tariff Subsidy Tariff Subsidy 
(s = 0) (t = 0) (s # 0) (t ~ 0) 
Domestic firm ceases production (exit) $ + + 4 
Domestic costs fall + + sa% z 
Foreign firms’ costs are subsidized + — + Š 
Exogenous fall in energy costs + + + $ 


Dumping by foreign exporters 


Note: The derivation of these policy adjustments are available from the authors on request. . 
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The total market elasticity of demand for fer- 
tilizer, €, is then defined and evaluated at the 
initial point where the proportional change fac- 
tor P equals 1. By differentiating (13) with re- 
spect to P and multiplying by P/Q, the elastic- 
ity is given as 


M Bpi $ B-p? — 2Kpip2 


Expression (14) is then set equal to the observed 
value of e. 

The elasticity of substitution would normally 
be defined as 


(15) o = dlog(Q,/Q2)/d log(pı/pə), 


which gives a fourth relation between the pa- 
rameters when set equal to an empirically ob- 
served value for o. However, equations (A5) and 
(A6) in general define the ratio O,/Q, as a func- 
tion of the vector (pı, p2) and not in terms of 
the ratio p,/p2. In order for Q,/Q, to be a func- 
tion of p,/p2, at least locally, the parameters must 
satisfy the following final relation: 


(16) p(A,K + A2B,) = po(A.K + A,B,), 


which implies homotheticity of the production 
function. Given the definition of ø in (15) and 
using equations (A5), (A6), and (16), the final 
expression for the elasticity of substitution can 
be derived as - 


(14) e= 


| Pi (BB, — K?) 
i gasi 
ae 
P2 P2 


The simultaneous equation system using (A5), 
(A6), (14), (16), and (17) is solved to obtain 
estimates of A;, A2, Bı, B2, and K where prices 
and quantities and estimates of the elasticity of 
demand and substitution are taken from outside 
sources. This solution reflects the process of 
model calibration such that the parameters are 
consistent with equilibrium in any given period. 
Values for a,, a>, bi, b2, and k can now be de- 
rived. Because of the limited availability of data, 
the model was calibrated for the UK fertilizer 
market for the year 1985: p, (£126) and p, (£120) 
are the average selling prices of the dominant 
firms and blenders, respectively, over the year 
1986 based on reported prices in the UK farm- 
ing press; Q, and Q, (1,268 and 317 thousand 
tonnes, respectively) are derived from Fertilizer 
Manufacturers Association data and other farm- 
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ing and trade sources. The elasticity of demand 
e (assumed to be —0.65) is based on an estimate 
made by Metcalf and Cowling, although more 
recent estimates by Burrell suggest a similar 
value. No estimate of o is available for the UK, 
so a value of 2.00 was assumed; the 2.00 value 
compares with an Australian estimate made by 
Higgs of 1.7. The cost estimates are £100 for 
c,, for the dominant firms based upon reported 
cost levels in Challinor and the UK farming press, 
and c, at £110 representing blenders’ operating 
costs, which are assumed to be £10 below the 
selling price p}. The parameter estimates for the 
model are shown in table 2. 


Welfare Effects of Government Intervention 


To recap the discussion in the first section, if 
markets (home and foreign) are characterized by 
imperfect competition an activist trade policy may 
increase national welfare. However, production 
subsidies may represent a superior policy in- 
strument, although a combination of tariffs and 
subsidies may be the most desirable policy. Us- 
ing the calibrated parameters and cost infor- 
mation, values for the optimal tariff and subsidy 
policies were derived from (3), (5), (6), and (7), 
respectively. 

In line with the theoretical predictions the op- 


timal tariff has a value of £18.21 per tonne of 


fertilizer. However, the optimal production sub- 
sidy is £31.79 per tonne. When the tariff and 
subsidy are chosen simultaneously, the policies 
in part substitute for each other. The optimal tariff 
is now £2.71 per tonne, while the optimal sub- 
sidy is reduced to £30.38 per tonne. Solving for 
the new prices and quantities following the im- 
position of policy using (A3), (A4), and (A11), 
and (A12), the effects on national welfare can 
be estimated using (1). The results are presented 
in table 3 and are compared with the prepolicy 
welfare. 

As the new trade theory predicts, the optimal 
tariff should increase overall welfare. However, 


Table 2. Demand Parameters 


Aggregate Demand Inverse Demand 


Functions Functions 
A, 2,092,200 ay 320 
A, 523 ,050 ay 305 
B, 7799 b, (107$ 1.38 
B, 3104 b, (107$) 3.47 
K 1321 k (1075) 5.88 


McCorriston and Sheldon 
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Table 3. Welfare Effects of Optimal Tariff and Subsidy Policies (£m) 


Farmers 

Welfare 

Pre-policy welfare 152.36 

Welfare with optimal tariff (¢ = £18.21) 147.23 

Welfare with optimal subsidy (s = £31.79) 183.49 
Welfare with joint optimal tariff and subsidies 

(t = £2.71, s = £30.38) 181.47 


the overall welfare gains are small (0.44% rel- 
ative to the prepolicy case) and mainly involve 
a redistribution of welfare from farmers’ to the 
dominant firms and the government. However, 
as expected, the optimal production subsidy leads 
to a higher level of economic welfare by count- 
ering the competitive distortion in the fertilizer 
market.* The net welfare gains, in this case, al- 
though still low (1.77% relative to the prepolicy 
case) are larger than those resulting from the op- 
timal tariff. The joint use of the tariff and sub- 
sidy policies is only marginally superior to using 
the subsidy alone. 

Despite the small net welfare changes, the op- 
timal production subsidy leads to a considerable 
redistribution of welfare between farmers, the 
dominant fertilizer manufacturers, and the gov- 
ernment. In particular, because the optimal sub- 
sidy counters the oligopolistic distortion, farm- 
ers’ welfare increases as a result of the lower 
prices for fertilizers. Essentially, farmers’ pro- 
ducer surplus increases by around £36m in 1985 
or by 25% relative to prepolicy welfare. The 
dominant firms’ profits also increase substan- 
tially (by 43%), while the government must pay 
for the subsidy. Although the welfare gain aris- 
ing from the joint policies is only marginally 
better than using the subsidy alone, the main 
difference between these two cases involves the 
distribution of income. Farmers’ gains are lower 
and the dominant firms’ profits greater in the 
joint optimum case relative to using the subsidy 
alone. The sensitivity of the results to the data 
used to calibrate the model is considered below. 


Elasticity Data 


Model calibration relies upon estimates of the 
elasticites of demand and substitution. In order 
to analyze how sensitive the results are to changes 


“In practice, the welfare effects of antitrust legislation would not 
involve the transfer of a subsidy payment from government to pro- 
ducers. 


> 


Dominant Firms’ Government Overall 
Profits Revenue/Expenditure Welfare 
32.97 185.33 
34.06 4.86 186.15 
48.93 —43.90 188.52 
50.08 —43.03 188.53 


in these elasticities, different values for e and 
ao were chosen. The corresponding optimal 
policies and welfare outcomes are presented in 
table 4. 

The central column shows the base results de- 
rived above. As the elasticities increase (in ab- 
solute terms), the values for the optimal tariffs 
and subsidies increase, except for the value of 
the tariff in the joint optimum. However, the 
ranking of the policies is not sensitive to the 
elasticity data. Specifically, tariffs lead to a very 
small increase in national welfare, although more 
substantial increases accrue from the subsidy 
policy. Again, the joint optimum case is better, 
but only marginally so, relative to the subsidy 
alone. 


Economies of Scale 


An important feature of the fertilizer industry in 
developed countries is scale economies. In the 
model’s derivation, however, this feature largely 
was ignored because of the problem of allocat- 
ing capital costs intertemporally in the cost 
function. Nevertheless, it is still interesting to 
enquire whether the results are sensitive to firms 
reaping economies of scale. 

An external estimate of economies of scale is 
used to determine how far costs may fall as out- 
put increases as a result of the various policies. 
Unfortunately Pratten (the main source of in- 
formation on UK and European economies of 
scale) provides no estimate for the fertilizer in- 
dustry. Instead, it is assumed that the extent of 
scale economies in the fertilizer industry is sim- 
ilar to that in the petrochemical industry which 
implies a cost elasticity of 20% (Pratten). With 
this proxy estimate, the likely changes in firms’ 
profits (the main source of benefit arising from 
the scale economies) was estimated for the var- 
ious forms of government intervention. The re- 
sults are presented in table 5. 

The results from table 5 suggest that an al- 
lowance for (extensive) economies of scale would 
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Table 4. Sensitivity Analysis: Changes in Elasticity Data 





SES = —0.80 





e= —0.5 
g= 1.75 c= 2.00 g= 2.75 
Pre-policy welfare (£m) 230.78 185.33 156.60 
Optimal tariff (£) 16.88 18.21 26.60 
Welfare with tariff (£m) 231.10 186.15 157.44 
Optimal subsidy (£) 30.36 31.79 33.83 
Welfare with subsidy (£m) 232.90 188.52 160.75 
Joint optimum: 
Tariff (£) 3.70 2.71 0.22 
Subsidy (£) 29.18 30.38 31.96 
Welfare with joint 
optimum (£m) 232.95 188.53 160.75 


Table 5. Sensitivity Analysis: Economies of 
Scale (Cost Elasticity = 0.2) 


Domestic Firms’ Profits? (£m) 


No Economies Economies 
of Scale of Scale 
Optimal tariff 34.06 34.09 
Optimal subsidy 48.93 51.01 
Joint optimum 50.98 50.28 


* Original profits were £32.97m. 


not significantly affect the welfare calculations. 
The greatest change in the firms’ profits occurs 
for the optimal subsidy; profits increase by 54.7% 
when. costs decrease compared with 48.4% when 
costs remain constant. This 54.7% increase in 
profits translates into a 2.8% increase in welfare 
(relative to the prepolicy levels) compared with 
a 1.72% increase in welfare in the constant costs 
case. 


Cost Estimates 


Finaliy, because the level of costs is important 
in determining the level of the policy variable, 
it is important to consider how sensitive the pol- 
icy values are to changes in costs. The focus is 
on changes in the tariff values (in the absence 
of the subsidy) in response to changes in the costs 
of the domestic firms. 

Two cases are compared with the base out- 
come. The first is where the costs are lower than 
the original case (£90 per tonne as opposed to 
£100 per tonne), and the second is where the 
domestic firms’ costs are equal to those of the 
importers (i.e., £110 per tonne). The corre- 
sponding values for the tariff levels are shown 
in table 6. The results indicate that the value for 


4 


Table 6. Sensitivity Analysis: Effect of 
Changes in Domestic Firms Costs on Tariff 
Levels (£) 





c, = 90 cı = 100 c; = 110 


Optimal tariff 


(s = 0) 21.11 18.21 15.02 


the optimal tariff increases (decreases) as costs 
rise (fall). Similar results occur for the optimal 
subsidy. These results imply that higher costs 
are associated with more competitive conduct 
(lower V) and, therefore, less need for govern- 
ment intervention. 

In sum, government intervention in the fer- 
tilizer industry can be normatively justified. The 
sole use of tariffs is an inferior policy relative 
to antitrust policy (optimal subsidies), although 
the best outcome (though only marginally so) is 
achieved by the joint use of tariffs and subsi- 
dies. While the overall increase in welfare (as- 
suming equal weights between the various 
groups) is generally small, the main effect of 
these policies is on the distribution of income, 
particularly between farmers and the domestic 
fertilizer manufacturers. Farmers would gain 
substantially from antitrust legislation, while their 
welfare would be significantly reduced from 
(optimal) trade policy intervention. 


Optimal Policies and Changes in Market 
Structure 


These optimal policies likely will vary as mar- 
ket structure changes. Therefore, following the 
earlier analysis of section 4, values for the op- 
timal policy responses to various market sce- 
narios are presented in table 7. The values in 
table 7 represent response by tariffs or subsidies 
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Table 7. Tariff and Subsidy Policy Changes as Market Structure Varies (per unit change) 


Tariff 
(s = 0) 
Domestic firm ceases 
production (exit) 1.28 
Domestic costs fall 0.019 
Foreign firms’ costs are 
subsidized 0.074 
Exogenous fall in energy 
costs 0,143 
Dumping by foreign 
exporters —0.504 


to a unit change in, say, domestic costs. All pol- 
icy responses fulfill the a priori expectations 
outlined above. For example, if foreign firms’ 
costs are subsidized by their government, an in- 
crease in tariff would countervail this subsidy. 
However, due to the assumption of a constant 
price-cost mark-up for the blenders, the lower 
costs are reflected in lower market prices. Hence, 
imports provide a procompetitive discipline on 
the fertilizer market. When foreign firms dump 
their fertilizer exports on the market, both pol- 
icy values should fall as a result of the com- 
petitive effect on the market. The other scenar- 
ios imply that the tariff and subsidy values should 
increase because the market is less competitive. 
In the joint optimum case, changes in the tariff 
are lower relative to changes when the tariff is 
the sole policy. However, except for dumping 
by foreign exporters, changes in the subsidy 
levels were greater in the joint optimum case 
compared to the subsidy case alone. 

These results imply that, given the normative 
case for government intervention in the fertilizer 
industry, the levels of government intervention 
should adjust to change in the fertilizer market; 
however, the extent of the adjustment depends 
upon the source of change in the fertilizer mar- 
ket. 


Table 8. Effects of Firm Exit 


Subsidy Tariff Subsidy 
(t = 0) (s # 0) (t # 0) 
0.121 0.2315 0.2592 
0.152 4.627% 0.1582 
—0.009 0.0533 —0.0227 
0.093 0.0184 0.1355 
—0.121 —0.4956 —0.0269 


Consider an example where the focus is on 
changes in the level of welfare (following a 
change in market structure) if the government 
did not change the policy value relative to the 
case of fine-tuning its policy. The example is a 
domestic fertilizer manufacturer that ceases pro- 
duction. This scenario is representative of the 
UK market when UKF, one of four dominant 
domestic firms, ceased operation in the UK in 
1988. The welfare effects of the UK govern- 
ment adjusting and not adjusting its intervention 
policies are shown in table 8. 

In the benchmark case the government is ini- 
tially using optimal tariffs and/or subsidies. If, 
as firms exit, the government did not change the 
policy values, economic welfare would be re- 
duced in all cases. Thus, in the case of using 
the tariff alone, with no change in the optimal 
tariff, welfare would fall by 5.3%. The corre- 
sponding changes in welfare in the optimal sub- 
sidy and joint optimum cases are —0.75% and 
—2.7%, respectively. However, if the govern- 
ment did change the policy values by the extent 
recorded in table 7, then the optimal tariffs and 
subsidies would rise in all cases (given that the 
fertilizer market is now less competitive). The 
effects of these changes are either that the wel- 
fare losses are minimized (as in the case of us- 





Tariff: t = £18.21 
Exit: t = £18.21 
Exit: t = £57.71 
Subsidy: s = £31.79 
Exit: s = £31.79 
Exit: s = £35.54 
Joint optimum: t = £2.71, s = £30.38 
Exit: £ = £2.71, s = £30.38 
Exit: t = £9.8, s = £38.40 


Welfare Percent Change Relative 
£m to No-Exit Case 
186.15 
176.23 -5.3 
183.54 -1.4 
188.52 
187.11 —0.75 
188.57 0.03 
188.53 a 
183.51 a ART, 
189.65 a Be as 
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ing the tariff alone) or economic welfare is mar- 
ginally increased (as shown in the optimal subsidy 
and joint optimum cases). 

In sum, failure to change the optimal policy 
values in response to changes in market struc- 
ture may lead to significant welfare losses. Thus, 
if government intervention in agricultural input 
markets is warranted, then the extent of inter- 
vention should respond to changes in the eco- 
nomic and policy environment. 


Concluding Comments 


Fertilizer manufacturers in developed countries 
often demand support from their home govern- 
ments to improve the competitiveness of their 
industry or to protect it from external pressures. 
By applying the recent developments in the in- 
ternational economics literature, it has been 
shown that governments may use an optimal tar- 
iff to protect their domestic producers on the 
grounds that rents can be shifted from their in- 
ternational competitors. However, a stronger case 
exists for governments to use an optimal pro- 
duction subsidy (a proxy for antitrust policy) to 
counter the oligopolistic distortion in the fertil- 
izer industry. The best policy is to use tariffs 
and subsidies together. 

These theoretical results were validated by 
providing quantitative estimates for these poli- 
cies for the UK fertilizer market. While the net 
welfare changes were small, both policies in- 
volved a substantial redistribution among farm- 
ers, the dominant firms, and the government. 
Farmers would experience substantial gains if 
antitrust policy promoted greater competition in 
the market, while considerable losses would oc- 
cur under an optimal tariff. Using both policies 
simultaneously improves welfare only margin- 
ally more than using the subsidy alone, though 
the benefits to farmers are slightly less. Further, 
it was argued that governments should remain 
active following the initial imposition of the op- 
timal policies. In particular, as the market be- 
comes more (less) competitive, the optimal tar- 
iff and subsidy values should fall (increase). 

The overall conclusion of this paper is that 
agricultural economists should pay more atten- 
tion to the demands for government support that 
originate in the agricultural inputs sector. In 
particular, while there may be a normative jus- 
tification for government protection against im- 
ports, higher levels of economic welfare can be 
attained if governments counter the competitive 
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distortion that is characteristic of many agricul- 
tural input markets. 


[Received November 1989; final revision 
received October 1990.] 
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Appendix 
Theoretical Framework 


The theoretical framework for this paper is based upon Dixit 
(1988). The structure of the UK fertilizer market is divided 
into two, where subscript 1 refers to the dominant firms 
and subscript 2 refers to the blenders, who act as importers 
of urea (a substitute for ammonia). Because the blenders 
are treated as import agents, for simplicity they do not enter 
into the national welfare function. Initially, no entry/exit 
of firms occurs. Further, the dominant firms face constant 
average and marginal operating costs and blenders have a 
constant price-cost mark-up. Also, domestically produced 
fertilizers and imports are considered imperfect substitutes 
in production because these products have different nitro- 
gen content per tonne. 


Fertilizer market. Farmers’ demand for fertilizers can be 
derived by maximizing the following profit function I for 
farmers with respect to Q, and Q,: 


(A1) F = f(Q;, Q) — P:Q: — pra, 


where the aggregate production function f(Q,, Q-) for farm- 
ers is defined as 


J(Qi, Q2) = aQ, + aQ 
=, 1/2 (b,0; 2 b,Q’ + 2kQQ2). 


For simplicity, this production function is of quadratic form, 
no inputs other than the two forms of fertilizer Q, and Q, 
are considered, and farmers’ output prices are normalized 
to one. ; 

The farmers’ profit function can be used to derive the 
respective inverse demand functions for the dominant firms 
and blenders, as given below: 


(A3) Pı = a, — 6,Q,; — kQ,, and 


Pı = a — kQ, — b:Q;, 


where all parameters are positive, (b,b, — k*) > 0 since 


(A2) 


(A4) 


Agricultural Input Markets 631 


the products are imperfect substitutes, p, and p, are prices, 
and Q, and Q, are quantities. The corresponding demand 
functions are given as 


(A5) Q: = å, — B,p, + Kp, and 


(A6) Q2 = A, + Kp; — Bzp2, 


where BB, K? > 0. 

On the fertilizer production side, 7n, firms are in each sec- 
tor of the industry. Profits for a representative firm are given 
by 


(A7) IT, = (pi ~ c, + qi — fi, and 


(A8) IL = (pa ~ 2 — O42 fas 


where prices and quantities are defined above, c; is the mar- 
ginal operating costs, and f; is fixed costs.* A production 
subsidy is given to the firm in the dominant sector of the 
market (the home firm), and ¢ is a tariff on imports from 
foreign competitors. 

The behavioral assumption is that firms’ reactions to one 
another are treated as a Nash equilibrium with conjectural 
variations which arise from the firms’ profit functions. De- 
spite the problems with this approach, using conjectural 
variations in this model requires no explicit form of oli- 
gopolistic interdependence. Rather, the values of these pa- 
rameters come from the data. 

The conjectural variation parameter is derived from the 
first-order condition of the respective profits functions as 
given below: 


(A9) 
(A10) 


Pı — c +s + qdp:ı/dq, = 0, and 
P27 cı — t + qdpa/dq = 0, 


where dp,/dq, is the conjectural variation parameter, i.e., 
the firm’s expectation of how market price will vary with 
changes in output. Therefore, if a representative firm plays 
Cournot, it believes rival firms will not change output in 
response to a change in q; hence, dp,/dq; = —b,, the slope 
of the inverse demand function. If the market were per- 
fectly competitive, a change in one firm’s output would have 
no effect on market price, i.e., dp,/dq, = 0. 

These first-order conditions for representative firms can 
be aggregated over n; firms in each sector of the industry 
to give 


(A11) Pi ` C +s + QY; = 0, and 


(A12) Pı — 2 ~t + QV: = 0, 


where V; is the aggregate conjectural variations parameter. 
Thus, for Cournot behavior, V; = —b,/n,, and, as n; in- 
creases, the more competitive the Cournot outcome be- 
comes. In the limit V, = 0, i.e., perfect competition. 
Equilibrium prices and quantities in this fertilizer market 
model are obtained by combining (A3) and (A4) with (A11) 


$ The profits functions in (A7) and (A8) include fixed costs. 
However, because data on this component of costs are not avail- 
able, it is assumed that operating costs include fixed costs. 
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and (A12). Explicit solutions for prices and quantities are ae I laj tlaA+ov, kV, 
given below: PRI la] At kV, A + b.V, 
(A13) Q, -4 b, + V, —k a—- cots 
Š Q: A’ ~k b, + V, Qat 


i. at ang Where A = (bib, — ka) and A’ = (b, + V(b: + v2) — k? 
= (BB: — k’). 


Supply Impact of the Milk Diversion 
and Dairy Termination Programs 


Bruce L. Dixon, Dwi Susanto, and Calvin R. Berry 


A two-equation random coefficient regression model of commercial milk production is 
estimated using monthly observations from 1983 through June 1988 for the twenty-one 
major milk-producing states in the United States. Policy variables are entered into the 
model to represent the impact of the Milk Diversion Program (MDP) and the Dairy 
Termination Program (DTP). The MDP was primarily short term in impact and the DTP 
has been longer term. The DTP provision banning producers who exited under the 
program from producing for five years appears to have been ineffectual. The programs’ 


effectiveness across states has varied considerably. 


Key words: milk diversion and termination program effectiveness, random coefficients. 


For over thirty-five years the U.S. dairy indus- 
try has been characterized by intensive govern- 
ment interventions. Under this regulation, the 
industry has provided adequate quantities of milk 
at relatively stable producer and consumer prices 
(Whipple, Powe, and Gray; Berry and Blakley). 
However, the situation changed during the early 
1980s when the dairy industry began producing 
expanding surpluses. Milk production has been 
showing a steady tendency to rise. 

The increase in milk production resulted in 
large government outlays through the dairy price 
support program or other incentives (Whipple, 
Powe, and Gray). A reduction in the price sup- 
port level and a per hundredweight assessment 
were legislated in 1983. The purposes of these 
actions were to reduce milk production by low- 
ering producer prices and to support promotion 
and product development. 

Two major voluntary supply control pro- 
grams, the Milk Diversion Program (MDP) and 
the Dairy Termination Program (DTP), were 
implemented in the mid-1980s. The MDP com- 
pensated dairy farmers who contracted to re- 
strict their output by 5% to 30% of their histor- 
ical base by paying them $10 per hundredweight 
for the contracted reduction from their historical 
base. The MDP was in effect from 1 January 
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ciology, University of Arkansas; Dwi Susanto is a lecturer at the 
University of Lampung, Indonesia. 
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1984 through 31 March 1985. Dairy farmers 
subscribed to remove 7.5 billion pounds (Miller 
and Carman) of production on an annual basis. 

The DTP required that producers whose bids 
were accepted sell or export all of their female 
dairy cattle. Moreover, the dairyman could have 
no interest in milk production for the ensuing 
five years, nor could his facilities be used for 
milk production in the five-year period. In ad- 
dition to selling the entire herd for either slaugh- 
ter or export, the farmer received a payment from 
the government. This payment was based on the 
bid per hundredweight (cwt.) of milk reflected 
in the farmer’s offer in return for exiting the in- 
dustry for at least five years. The bid averaged 
approximately $15.00 per hundredweight of an- 
nual production for the U.S. (Matthews). These 
bids were accepted on a competitive basis na- 
tionwide and resulted in 11.3 billion pounds of 
annual capacity exiting the industry between April 
1986 and August 1987 (ASCS, personal com- 
munication). 

Both the MDP and DTP were intended to de- 
crease the production of milk. Consequently, it 
is Important to determine the short- and longer- 
term impacts of these programs on milk pro- 
duction. Because milk supply is likely to in- 
crease in the future, especially considering the 
introduction of bovine somatotropin (Kaiser and 
Tauer), it is important to measure the effective- 
ness of past programs since they are possible _ 
candidates for future programs. Moreover, be- 
cause of the heterogeneity of the dairy industry 
across the United States, it is important to mea- 
sure the diversity of the impacts by region. 
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To estimate the impact of the MDP and DTP, 
a two-equation model is specified and estimated 
using time-series and cross-sectional data. The 
first equation is yield per cow, and the second 
equation is cow numbers. Data are monthly for 
each of the twenty-one states listed by the U.S. 
Department of Agriculture (USDA) as the major 
milk-producing states in the United States. Us- 
ing monthly data provides for a much more ac- 
curate measure of program effectiveness since 
the MDP lasted only fifteen months, and the exit 
period for the DTP lasted seventeen months. 
Hence, models using annual or quarterly data 
would have greater difficulty capturing the dy- 
namic responses engendered by the programs. 
Both equations are specified as Swamy random 
coefficient regressions (RCR). 

In what follows, an econometric model of 
commercial milk production is specified and es- 
timated. The forecasting ability of the model is 
verified through a post-sample prediction ex- 
periment. The model is used to simulate milk 
production, first under the assumption that both 
_the MDP and DTP were in effect, then second 
that only the MDP was implemented, and third, 
assuming only the DTP was implemented. A 
fourth simulation assumes neither were imple- 
mented and compares production with the 
predicted production when the various combi- 
nations of programs were implemented. Impli- 
cations of these simulations are then considered. 


Model Specification 


Following prior studies (Wilson and Thompson; 
Chen, Courtney, and Schmitz; Kaiser, Streeter, 
and Liu) commercial milk production is mod- 
eled as the product of number of cows freshened 
(CN) and production per cow (PPC). Both 
equations are double logarithmic. The CN equa- 
tion is a function of the ratio of the blend price 
of milk to the price of 16% protein dairy feed 
(MF PR), both variables lagged one month, vari- 
ables representing the amount of base produc- 
tion withdrawn during the two programs, and a 
lagged dependent variable. Algebraically the CN 
equation is written as 


(1) In(CN), = a, + aMDP,, + a,DTP,, 
+ a,ln(MFPR);,-; + aln(CN);.-1 + Wi. 


Subscript i refers to the state i, t refers to the 
month ż, and In denotes natural logarithm. The 
error term, Wy, is specified to have zero mean 
and to be homoscedastic within a given state but 
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heteroscecastic across states. MDP is the amount 
of a state s production base on a fifteen-month 
basis entered into the diversion program in bil- 
lions of pounds. It has the same value for each 
month between January 1984 through March 
1985 and zero otherwise. Variable DTP is the 
annual base production deleted, by state, in bil- 
lions of pounds under the DTP. The variable DTP 
is structured as a cumulative variable since the 
termination program was subdivided into 
three exit periods (4/86—8 /86, 9/86—2/87, and 
3/87—8/87). Producers could submit bids for 
any or all of the periods but had to exit during 
the period associated with the accepted bid. DTP 
is zero for all observations prior to 4/86. From 
4/86-8/86 it is the state’s base exiting during 
the first period. From 9/85—2/87 it is the sum 
of a state’s first and second periods’ base pro- 
duction exiting. From 3/87—8/87 it is the total 
base exitirg during the termination program. 
From 9/87 forward DTP is zero. 

A reasonable argument can be made that the 
DTP variatle should not become zero after the 
exit period but continue to have nonzero values 
because exited farmers under the DTP could not 
resume production for five years after exiting. 
As discussed in the results section, this seem- 
ingly more orthodox specification gave inferior 
results. Price of slaughter cows, which has been 
included in prior studies (e.g., Kaiser, Streeter, 
and Liu; LaFrance and de Gorter) is not in- 
cluded in (1). In all specifications examined, this 
price had a positive and significant coefficient 
which is cortrary to expectations. This likely re- 
sults from tre fact that both dairy cows and beef 
cows were _n a liquidation phase of the cattle 
cycle from 1983—88, the sample period used for 
estimation and prediction. 

PPC is a function of the MDP, lagged MFPR, 
monthly binary variables to account for the 
changes in range conditions and lagged PPC. It 
is written as 


1] 
(2) In(PPC), = Bo + >. BDjn + BMDP, 
j= 
F Bia lni MF P. R) 5-1 + Byin(P F C Jh + Yis 


where Da = 1 if the observation occurs in the 
jth month, 0 otherwise. Preliminary estimation 
indicated the DTP variable was insignificant at 
the .2 level for a one-sided test so it was not 
included in the final model. This is not surpris- 
ing since wkole herds were eliminated as op- 
posed to selective culling. The error v term is 
assumed to Fave the same properties as w; al- 
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though v, and w are not restricted to have equal 
variances. . 

By specifying MFPR to enter in lagged form 
to account for expectations used by farmers to 
adjust current production, both equations can be 
estimated without additionally estimating a de- 
mand model. Kaiser, Streeter, and Liu use a 
similar justification in estimating these supply 
equations separately from the demand equations 
in their model. 

Swamy, Conway, and LeBlanc give a num- 
ber of reasons the conventional fixed coefficient 
regression model may not be an accurate spec- 
ification for econometric estimation. In a model 
with cross-sectional data, it can be argued that 
all the regression coefficients being identical is 
much more unlikely than having them vary from 
one cross-sectional entity to another. For the 
particular case at hand, the alternatives to dairy- 
ing across states are quite varied as are climate 
and geography, so it is reasonable to expect 
coefficients to differ. As a result, the responses 
to various government programs are likely to be 
different. These reasons lead us to select a Swamy 
RCR as a plausible stochastic specification of 
the model. A fixed coefficient model for each 
state estimated as seemingly unrelated regres- 
sions is an alternative specification. It is re- 
jected because it would not yield a mean re- 
sponse vector, which could be used for assessing 
program impacts for states not included in the 
sample. 

The basic Swamy RCR specification is given 
as 


(3) yi = xB +e, e~ (0,07%1), 


where y; contains T observations on the depen- 
dent variable, x; is a T X k matrix of observa- 
tions on k explanatory variables, and e; is a vec- 
tor of T observations on the error terms. The ß; 
are the sum of the mean coefficient vector, B 
and a random disturbance vector, u;. Thus, 


B= B+ pi Bb; ~ O, A). 


Further, it is assumed that E(y;e,) = O for all i, 
j and that u; and yp, are uncorrelated for all i # 
j. The mean coefficient vector, B, is estimated 
by generalized least squares (GLS). Since the 
matrix A is unknown, it must be estimated. The 
procedure recommended by Judge et al. (p. 542) 
is used. 

In estimating the impact of the two programs, 
the econometric model gives more accurate sim- 
ulations by using predictions of the coefficient 
vectors for each state instead of the mean vector 
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for all states. State coefficient vectors are com- 
puted using the best linear unbiased predictor 
(BLUP) as given in Judge et al. (p. 541). The 
formula for the prediction of the ith coefficient 
vector is given as 


(4) Bi = È + Ax; áx + oil) O; = x8), 


where B is the GLS estimator of B. However, 
since A is unknown, the BLUP’s are estimated 
by substituting the estimate for A. 


Data and Estimates 


Data for CN and PPC come from various issues 
of the USDA publication Milk Production. The 
data for the blend price of milk and the feed 
price of 16% dairy ration are from various is- 
sues of Agricultural Prices (USDA). The blend 
price is by state by month. The feed prices are 
by state, by month from January 1983 through 
February 1986. After 1986 they are reported on 
a regional basis for January, April, July, and 
October. Monthly observations for the nonre- 
ported months are obtained by interpolation. Data 
for the MDP come from Miller and Carman and 
data for the DTP come from the Agricultural 
Conservation and Stabilization Service (per- 
sonal communication). The twenty-one states in 
the sample produced 85% of the commercial milk 
in the United States from 1983 through 1988. 
About 78% of the base production diverted in 
the MDP was accounted for by the twenty-one 
states as well as 75% of the DTP-enrolled base. 
Hence, the sample is assumed to give an ac- 
curate representation of mean producer response 
in the United States. 

Estimates of the two models are displayed in 
tables 1 and 2." The signs of all the coefficients 
are consistent with expectations. Somewhat sur- 
prising are the high levels of the coefficients of 
determination for the models, particularly the CN 
equation. In a cross section such as this, con- 
siderable variation arises because cow numbers 
vary substantially across states. With a lagged 
dependent variable in the equation and lack of 
substantial variation in cow numbers from month 
to month within a state, it is not surprising that 
the coefficient of determination is high. 


' The blend price of milk is gross price. Producers paid the $.15/ 
cwt. assessment and various deductions due to the price support 
program and Gramm-Rudman-Hollings. The model was estimated 
with these values netted out of blend price, but there was little 
change in the estimates of the mean coefficients. 
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Table 1. Random Coefficient Regression Estimates of the Mean Coefficient Vector, CN 
Regressor Parameter Estimates t-Ratios ôi” 
Intercept .1088 1.6757 .2660 
MDP, —.0094 —2.4930*° 0145 
DTP — .0206 —4,3821** 0184 
In(MFPR),,- .0101 2.4820* 0152 
In(CN)i-1 .9791 B1.735* .0494 
R? = 0.9992 PRMSE = .3212 MSE = .0004 1,365 observations 


Source: estimated. 


* The column under ô}? is the estimated standard deviation of the ith coefficient, i.e., the square root of the ith diagonal element of the 


estimate of A. 


» Single asterisk indicates significant at the 5% level of significance; double asterisk, significant at the 1% level of significance. 


As mentioned earlier, an argument can be made 
that the DTP variable should maintain its value 
for those periods subsequent to the exit periods 
since those farmers exiting were precluded from 
engaging in dairying activity for five years after 
exiting. When DTP is so structured the percent 
root mean square error for the CN equation is 
1.41, more than four times its value in table 1. 
In alternative specifications MDP in the post exit 
months was multiplied by d’ where d was varied 
from 0 to 1 and r was the number of months 
since the last exit month, 8/87. PRMSE was 
minimized, using a grid search, at d = 0. Thus, 
the conclusion must be that the mean behavior 
across states returned to the same behavioral re- 
lationships as before the DTP. Such behavior 
perhaps reflects those individuals not partici- 
pating in the DTP expanding existing operations 
or new producers entering the dairy industry. 


Two elasticities of supply can be computed 
from the model by multiplying the CN model 
by the PPC model to get total supply. The short- 
run supply elasticity is .0402, which is very in- 
elastic. The long-run elasticity is .750, which is 
somewhat higher than those reported in other 
studies. Wilson and Thompson found an ap- 
proximate long-term elasticity of .521, which is 
also close to the elasticities found by Halvorson 
for two of his five models. However, both of 
these studies used only time-series data which 
could lead to smaller estimates than ours. The 
elasticity estimates in the present study are sen- 
sitive tc the fact that the coefficient of the lagged 
dependent variable is nearly one in the CN equa- 
tion. With a monthly equation for cow numbers, 
it is not surprising that this parameter would be 
near to one since herd sizes do not vary much 
from month to month. 


Table 2. Random Coefficient Regression Estimates of the Mean Coefficient Vector, PPC 


Regressor Parameter Estimates 
Intercept .7981 
MDP,, — 0257 

Di T. 0 1 36 

D,, — .0884 

D;, .0673 

Ds = .0233 

Ds, .0202 

De — .0658 

Dy, — .0318 

Dy — .0437 

Das, — .0617 

Dyo, — 0147 

D Lis =e 0625 
In(MFPR);,-1 .0301 
In(PPC )i-1 .8871 

R? = 0.9492 PRMSE = .4553 


Source: estimated. 


t-Ratios 5; 
5.430**° .5848 
—2.388** .0430 
—2.394** .0236 
—11.38** .0339 
10.14** .0286 
—2.165* .0480 
2.034* .0441 
—5.668** .0516 
—2.690** .0527 
—3.980** .0490 
—7.312** .0370 . 
—2.652** .0230 
—9.602** .0278 
4.219** .0203 
40.52** .0878 
MSE = 0.0010 1,365 observations 


4 The column under ô}? is the estimated standard deviation of the ith coefficient, i.e., the square root of the ith diagonal element of the 


estimate of A. 


> Single asterisk indicates significant at 5% level; double asterisk, significant at 1% level. 
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As a further test of the equations’ accuracy, 
the monthly production in each state was sim- 
ulated over the sample period. The observed 
values of the dependent variables were used for 
the lagged dependent variables. Total produc- 
tion was simulated with percent root mean square 
errors (PRMSE) ranging from 4.05 to 1.03 with 
eighteen of the twenty-one states below 2.0. The 
PRMSE for monthly production aggregated over 
the twenty-one states was .834. Because the 
policy simulations use predicted values of the 
endogenous variables over observations from 
2/83—6/88, it is useful to consider the PRMSE’s 
for the model using predicted values of the lagged 
endogenous variables. Over these sixty-five ob- 
servations the PRMSE’s ranged from 6.74 to 
2.03. For the aggregate amount the PRMSE is 
2.11. 

The policy variables also have the expected 
signs and all are statistically significant at the 
.05 level. Because of the double logarithmic 
specification the coefficients can be viewed as 
elasticities of reductions per month. Thus, the 
MDP had a short-run elasticity of .0351 per 
month during the program and DTP has a short- 
run elasticity of ~.0206. However, because the 
coefficients in tables 1 and 2 are means of the 
various coefficients across states, they are not 
necessarily reflective of the aggregate effect of 
changes in independent variables since the pop- 
ulation levels in the various states differ. This 
effect is illustrated later in the policy simula- 
tions. 

The last columns in tables 1 and 2 give the 
estimated standard deviations of the coefficients 
for their variation over states. Using the BLUP’s 
as computed from (4), the coefficient of MDP 
in the CN equation ranged from — .0303 to .0042. 
In the PPC equation the coefficient of MDP 
ranged from —.0904 to .0035. The coefficient 
of DTP ranged from —.0364 to —.0075. Clearly, 
these rates have different short-term implica- 
tions. However, it is more important to analyze 
the dynamic implications of the programs. In 
particular, the corresponding variations of the 
coefficients of the lagged dependent variables 
have a major influence on the overall impact of 
a policy in a particular state. The state-by-state 
variations in impact are considered in the sim- 
ulation section. 

As a final test of the model’s usefulness, the 
last six months of 1988, which were not in- 
cluded in the estimation sample, were simu- 
lated. In this simulation the predicted values of 
the lagged endogenous variables were used in- 
stead of the observed values for every month but 
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July 1988, which used the observed values in 
June 1988. The PRMSE’s for total production 
ranged from 12.6 to 1.75 with a mean of 5.72. 


For the monthly aggregate production over 


twenty-one states for six months, the PRMSE 
was 5.69%. Given the various measures of 
goodness of fit, the. model is considered useful 
for policy analysis. 


Simulations and Policy Analysis 


Because of the dynamic nature of the model, 
interpreting the coefficients of the binary vari- 
ables as representing the impact of the policies 
can be misleading. To avoid this, the model was 
simulated four different ways from February 1983 
through June 1988. In the base simulation it was 
assumed that both of the programs were in ef- 
fect. Then the model was simulated assuming 
that only the MDP was in effect, then only the 
DTP, and then with neither program in effect. 
The impact of the programs can be estimated by 
comparing the production levels in the simula- 
tions with the policy variables at nonzero levels 
with production levels assuming no programs. 
Comparisons are made on an aggregate level as 
well as state by state. This latter comparison is 
important to measure the heterogeneity of state 
responses to per hundredweight participation in 
the programs. 

In the policy simulations deleting one or both 
of the programs, blend prices are assumed to be 
endogenous with feed prices at their observed 
levels. The endogenous blend prices are com- 
puted in the following way. Recall that milk 
output levels in period ¢ are determined as a 
function of prices lagged one period. The pro- 
duction levels in period t with and without the 
program(s) are computed. It is assumed that all 
additional production due to absence of a pro- 
gram(s) would be used in manufacturing grade.” 
Thus, the blend price is changed by computing 
the new proportions of fluid milk and nonfluid 
milk. This new blend price becomes the price 
used in the next period. 

Substracting production in the base simula- 
tion from the third simulation gives the impact 
of both of the programs taken together. These 
figures are shown under the column “COM- 
BINE” in table 3. For the twenty-one states, the 


? Manufacturing grade is used instead of Class Il because a con- 
sistent Class II price by state is not available. In states where man- 
ufacturing prices are not available, Class III prices for milk market 
order districts were used. 
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Table 3. 
State MDP’ BMDP” DTP" 
aa ar a a a a bon pounds 

CA .649 .892 1.699 
FL .229 396 139 
ID 439 205 232 
IL 076 224 186 
IN 453 161 278 
IA 823 .400 646 
KY 740 313 267 
MD 065 053 125 
MI 1.174 282 601 
MN 660 781 1.900 
MO 826 390 315 
NC 171 084 220 
NY 733 367 1.175 
OH 748 267 .450 
PA 757 254 341 
TN 131 .246 109 
TX 1.115 475 533 
VA 179 126 158 
VT 204 112 081 
WA 366 161 603 | 
WI —.214 1.07 2.768 
Total 10.32 7.259 12.826 
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Impact of MDP and DTP on Milk Supply, by State, 1983, 2—1988, 6 








Milk Reductior 
COMBINE! MARGIN" BDTP‘ 
2.234 1.685 1.648 
.267 .138 0.258 
670 231 0.461 
264 188 0.155 
720 267 0.159 
1.455 632 0.309 
95 255 0.182 
8 123 0.117 
1.753 579 0.586 
2.552 1.892 0.870 
1.134 .308 0.371 
6 215 0.204 
1.915 1.182 0.437 
1.134 436 0.242 
1.095 .338 0.253 
240 109 0.166 
1.625 510 0.602 
335 156 0.186 
235 081 0.156 
934 598 0.501 
2.548 2.762 0.714 
23.009 12.685 8.577 


* MDP denotes milk reduction due to MDP only (assumes DTP was not implemented). 
> Amount of base production enrolled for diversion into MDP, 15-month basis (Miller and Carman) 
€ DTP denotes milk reduction due to DTP only (assume MDP was not implemented} 


4 COMBINE denotes milk reduction due to both MDP and DTP. 


° Margin denotes the marginal impact of the DTP in addition to MDP. Computed as COMBINE less MDP. 
f Amount of annual base production by herds liquidated in DTP (ASCS, personal communication). 


two programs resulted in a cumulative reduction 
of milk production of 23 billion pounds through 
June of 1988. Of this the MDP generated 10.32 
billion pounds. 

It would be somewhat misleading to say that 
the DTP resulted in a cumulative 12.83 billion 
pound decrease through June 1988 because the 
column under DTP assumes that the DTP was 
implemented without the MDP. The marginal 
contribution of the DTP is 12.68 billion because 
of when it followed the MDP. The fifth column 
in table 3 is computed as the values of the fourth 
column less the corresponding values of the first 
column. There is a 1.1% decrease in the reduc- 
tions resulting from the DTP because of when 
it was implemented relative to the MDP. Pre- 
sumably, if the DTP had begun sooner after the 
conclusion of the MDP, the DTP’s impact would 
have been even less. 

Long- and short-term aspects of the two pro- 
grams are clear from figure 1. Twelve months 
after the cessation of the MDP, production lev- 
els had recovered almost half of the reduction 
due to the MDP. However, the impact of the 
DTP was greater than the MDP on a percentage 
of total output basis and the rate of recovery from 


the DTP was slower than from the MDP. Hence 
the DTP apvears to have longer-term effects than 
the MDP. 

Effectiveness of the programs varied by state. 
Participation rates varied for both programs by 
state and s> did diminution of production per 
pound cf base production enrolled. Columns 2 
and 6 in tatle 3 show the amount of production 
enrolled. Dividing column 1 by 2 and column 
5 by 6 gives the ratios of production declines to 
base enrolled. For the MDP these ranged from 
4.16 for M-chigan to —.2 for Wisconsin. The 
ratio for all #venty-one states combined was 1.42. 
For the DTP the ratios ranged from 3.88 (Wis- 
consin) to .=03 (Idaho). The ratio for the twenty- 
one states combined was 1.48. However, these 
figures accoant for reductions only through June 
1988. The DTP ratios will increase as the im- 
pact of the DTP is felt beyond June 1988. 


Concluding Comment 
Swamy random coefficient regression equations 


with cow numbers and production per cow as 
dependent veriables were estimated using a time 
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0 


Percentage Reduction 
A 


1983 1984 1985 


Figure 1. 


series of cross-sectional data on twenty-one ma- 
jor milk-producing states in the United States. 
These equations were used to estimate the im- 
pact of two very different programs that were 
implemented in the mid-1980s to reduce surplus 
commercial milk production. The first program 
was the milk diversion program which had a 
short-term impact. Within a year after its ces- 
sation, production had nearly recovered half of 
the decrease induced by the MDP. On the other 
hand, the whole herd buyout ceased in August 
1987, but the rate of recovery to previous levels 
was slower. Hence, the dairy termination pro- 
gram has had a longer-term impact than the milk 
diversion program. However, the five-year ban 
on production by producers exiting under the DTP 
appears to have had little, if any, effect. Herd 
size began increasing immediately after the last 
exit month to pre-DTP equilibrium levels. 

The effect of the programs was not uniform 
across the states. This is indicated by variations 
in coefficients across states as well as by the 
impacts per unit of base enrolled in the two pro- 
grams. An explanation for this variation is that 
in some states the demand for milk was prob- 
ably sufficiently strong that nonparticipating 
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1986 1987 1988 


Percentage reduction in milk production due to DTP and MDP, 21 states 


producers increased production substantially. For 
future dairy supply management programs, an 
important implication is that the same program 
could have very different regional impacts, per- 
haps requiring coordination to obtain desired ef- 
fects. 


[Received October 1989; final revision 
received October 1990.] 
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Determinants of Agricultural 
Economics Faculty Retirement 


Josef M. Broder, Fred C. White, and Teresa D. Taylor 


The retirement experiences of faculty who had retired from 1862 land grant universities 
are described. Health, financial, family, and professional characteristics of early retirees 
are contrasted to those of late retirees. Determinants of faculty retirement are identified 
in the context of a general retirement model. Model results indicate that years-of-service 
to retirement programs, number of children, mental health, health trends, age at initial 
employment, and faculty-spouse age differences are positively related to retirement age. 
Salary levels, net worth, and extension appointments are inversely related to retirement 
_ age. Implications of recent changes in the agricultural economics profession on expected 


: retirement behavior are discussed. 


Key words: faculty compensation, faculty retirement, professional affairs, retirement 


profiles. 


The typical agricultural economist pursues a 
productive career for thirty to forty years and 
then leaves the profession through retirement. 
Given life expectancies that exceed eligible re- 
tirement age, most of our profession will join 
the ranks of the retired. Among the major life- 
cycle decisions made by agricultural econo- 
mists, few are as difficult as the decision to re- 
tire. Despite the inevitably of retirement, little 
is known about retired agricultural economists. 
While the retirement literature offers some in- 
sights into the retirement experience of univer- 
-© sity faculty, the mission and appointment struc- 
ture of agricultural economics faculty are unique 
and worthy of separate analysis. 

In response to this absence of information on 
retired agricultural economists, a survey of ag- 
ricultural economics faculty who had retired from 
1862 land grant universities was conducted. The 
purpose of the survey was to develop personal 
profiles of retired agricultural economists and to 
gain a better understanding of the decision to 
retire. The objectives of this paper are (a) to de- 
scribe biographical characteristics of retired fac- 
ulty, (b) to describe the health and financial pro- 
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files of retired faculty, and (c) to identify factors 
that influenced the decision to retire. 

` The agricultural economics profession has 
maintained an ongoing interest in professional 
affairs. Recent studies have examined rankings 
of individual departments (Beilock, Polopolous, 
and Correal), assessments of journals used by 
agricultural economists (Broder and Ziemer 
1985), the journal publication process (Bror- 
sen), productivity of agricultural economics fac- 
ulty (Broder and Ziemer 1982), undergraduate 
student affairs (Litzenberg and Schneider, Erven), 
extension-related issues (McDowell; Knight, 
Johnson, and Finley) and professional interests 
(Pope and Hallam). These publications offer 
useful insights into the life cycle of our profes- 
sion. Largely excluded from this literature are 
studies on the retirement experiences of faculty. 
In their absence, the life-cycle assessment of the 
profession would be incomplete. 


Current Study 


Data for the current study were taken from a 
survey of retired agricultural economics faculty 
at 1862 land grant universities, conducted in the 
spring of 1988. Department heads at forty-eight 
1862 land grant universities were asked to pro- 
vide names and addresses of living faculty who 
had retired from their departments. The 404 
names received from 42 of the department heads 
responding to the request were used as the sur-. 
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vey population and were mailed questionnaires. 
Two hundred nine (209) usable responses were 
received for a response rate of 51.7%. 


Respondent Characteristics 


Respondents were asked to describe their 
professional activities and biographical status at 
the time of retirement (table 1). These charac- 
teristics were used to develop profiles of early 
and late retirees. First, working definitions of 
early and late retirement were developed for this 
analysis. Second, mean differences between a 
particular retiree group and all other groups were 
tested using Student’s t-statistic. 

While definitions of early and late retirement 
are related to particular retirement systems, the 
literature draws a clear distinction between early 
and late retirees with the normal age of retire- 
ment at 65 (Bazzali). Because the average re- 
tirement age of agricultural economics faculty 
was 63, with 71% retiring before age 66, this 
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delineatior was deemed too restrictive for this 
study. To account for the earlier retirement age 
of agricultural economics faculty and the flexi- 
bility of many faculty retirement programs, the 
period of normal retirement was expanded to in- 
clude ages 62 through 65. As in previous stud- 
ies, respondents retiring after age 65 were de- 
scribed as having retired late. Respondents 
retiring before age 62 were described as having 
retired early. This definition of early retirement 
is consistent with years of eligibility for retire- 
ment benefitis as defined by the Social Security 
Administration. Persons fully insured under So- 
cial Securit’ can retire as early as age 62 with 
permanent seductions in retirement benefits or 
at age 65 with full benefits (U.S. Department of 
Health and Human Services). Approximately 
77% of respondents had made contributions to 
Social Security and were eligible for Social Se- 
curity benefits. 

Respondents were asked to indicate their fac- 
ulty appointments at retirement. About half of 
the respondents had multiple appointments. Ex- 








Table 1. Average Characteristics of Retired Agricultural Economics Faculty, 1988 
Characteristic Age at Retirement 
at Retirement <62 62-65 >65 
Group delineation Early Normal Late 
Number of observations 62 76 60 
Faculty rank: aaa (9G) --n--nn nn wn ene nnn nnn nnn nnn meen 
Professor 72.6 71.1 80.0 
Associate professor 16.4 15.8 10.0 
Assistant professor 2.7 2.6 3.3 
Other 8.2 10.5 6.7 
Field of study: 
Production /finance 39.1 40.5 31.0 
Marketing /policy 27.5 31.1 46.6 
Resourzes/development 8.7 13.5 15.5 
All other 24.6 14.9 6.9 
Faculty appointment:" 
Teaching 38.4 48.7 60.0 
Research 34.3 50.0 53.3 
Extension fy 42.1 40.0 
Administration 15.1 25.0 26.7 
Other 2T 4.0 3.3 
Multiple appointments 56.2 48.7 49.3 
Female 1.3 1.3 1.7 
Family status: 
Married 90.4 94.7 85.0 
Single 55 2.6 8.3 
Widowed 2i 2:2 5.0 
Divorced 1.4 0.0 1.7 
Reason for retiring: : 
Mandatory 6.8 19.1 54.0 
Financial 31.3 22.2 12.0 
Health 30.5 41.3 22.0 
Other 25.4 17.5 12.0 





Percent of respondents with appointments. 
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tension appointments were most frequent among 
respondents, followed by teaching and research. 
The early retirement group was dominated by 
extension faculty with over two-thirds of this 
group having extension appointments. The late 
retirement group was dominated by faculty with 
teaching appointments, followed by faculty with 
research appointments. These data suggest that 
teaching and research faculty tended to retire later 
than their extension counterparts. Financial con- 
siderations were cited as the major reason for 
retirement among early retirees, while health 
reasons dominated those in the normal age of 
retirement. As expected, mandatory retirement 
was most common among late retirees. 

The proportion of respondents with extension 
appointments was found to be higher than in the 
working population of agricultural economics 
faculty (Broder and Ziemer 1982, 1985). These 
differences were attributed to the research de- 
sign and appointment-related differences in re- 
tirement age. Because extension faculty tended 
to retire early, the percentage of retired faculty 
with former extension appointments should ex- 
ceed the percentage of extension faculty among 
the working population of agricultural econom- 
ics. faculty. Although no systematic tests were 
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made to identify response bias, the sample pop- 
ulation was thought to represent the population 
of retired agricultural economics faculty. 


Retirement Profiles 


Retirement profiles of respondents are shown in 
table 2. The average years of birth for the early, 
normal, and late respondent groups were 1923, 
1917, and 1912, respectively. Age differences 
between respondent and spouse appeared to in- 
crease with retirement age from 2.5 years for 
early retirees to 4.0 for late retirees. No signif- 
icant differences were found in the percentage 
of spouses employed at the time of the respon- 
dent’s retirement. However, early retirees tended 
to retire before their spouses’ retirement, while 
late retirees tended to work beyond their spouses’ 
retirement. The fewest children were reported 
by late retirees, while early retirees reported 
having the largest number of persons living in 
the current household. 

Respondents who retired early reported hav- 
ing the fewest years of service in university re- 
tirement programs and the most years in federal 
retirement. Late retirees reported just the op- 


Table 2. Average Retirement Profiles of Retired Agricultural Economics Faculty, 1988 





Characteristic at Retirement <62 
Year of birth 
Respondent 1922. pres 
Spouse 1925 .2*** 
Year of retirement 
Respondent 1980.6 
Spouse 1981.9 
Spouses employed at 
respondents’ retirement (%) 46.6 
Number of children 3.3 
Number of persons in current 
household 2.4 
Number of job changes 2 
Respondent’s years of service 
toward? 
University retirement 16.4*** 
Social Security 11.6*** 
Federal retirement 22:67"* 
Other programs 7.0* 
Spouse’s years of service 
toward 
University retirement 2.1 
Social Security Tl 
Federal retirement 0.7 
Other programs aif 


Age at Retirement 


62-65 >65 
1917.3 1912.20 
1920.8 1916.3*** 
1981.2 1979.9 
1981.4 1978.2 

40.8 43.3 

2.8 Pa 
2.0 2.0 
Z.3 3.0 

22.7 Ao" 

19.6% 20,3"* 

12.17 8.4*** 

5.0 3.3" 
1.5 0.8 
7.7 7.2 
0.6 0.3 
EOFs 3.8 


* Means different at alpha levels = 0.01 (***), 0.05 (**), and 0.10 (*). 
> The percentage of respondents contributing to individual retirement programs were: university 76.6%, Social Security 76.6%, federal 


53.1%, and other 32.0%. 
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posite. These data suggest that for the survey 
population, retirement age appears to be in- 
versely related to years of service in federal re- 
tirement programs and directly related to years 
of service in university retirement programs. 
Spouses had more years of service in Social Se- 
curity than in all other retirement programs 
combined. 


Health Profiles 


Previous studies have shown health to be a pri- 
mary determinant in the decision to retire (An- 
derson and Burkhauser). The sources of health 
data used in the literature include self-reported 
health and health based on mortality experience. 
The current study attempted to measure self-re- 
ported health in a cross-sectional framework. 
Self-reported health data were obtained by ask- 
ing respondents to rate their physical health and 
mental well-being before and after retirement. 
Respondent ratings were based on a seven-point 
scale with a value of 7 = excellent, a value of 
4 = average, and a value of 1 = poor. 
Self-reported health data are shown in table 
3, including (a) the average health for the 1970— 
88 period, (b) the change in health during the 
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1970—88 period, and (c) health at retirement. 
The lowest average levels of physical and men- 
tal health were reported by respondents who re- 
tired early. Retirees from all categories reported 
that their physical health had declined during: the 
study period. The mental health of all but the 
late retirement group had improved during the’ 
study period. Significantly higher levels of men- 
tal health at retirement were reported by late re- 
tirees. The lowest levels of physical and mental 
health at retirement were reported by early re- 
tirees. ; 

To learn more about changes in self-reported 
health, respondents were asked to list special 
reasons for changes in their physical and mental 
health. Early retirees reported stress as the most 
frequent physical ailment, followed by cardio- 
vascular, and a variety of other disorders. Early 
retirees cited mental stress and declining phys- 
ical health as major reasons for changes in men- 
tal well-being. 

Two-thirds of late retirees gave no specific 
reasons for changes in their physical health. 
Among reasons given by this group were car- 
diovascular and other physical health problems. 
Declining physical health and mental stress were 
cited by late retirees as major reasons for changes 
in mental health. When contrasted to early re- 


Table 3. Average Physical and Mental Well-Being of Retired Agricultural Economics Fac- 





ulty, 1988 
Age at Retirement 

Characteristic <62 62-65 >65 

Physical health (a tmnt niente tent ance teen nanan (index®) | ~~------------------e nna = =n nen ee 
Average 1970-88 5.29*° 5.71 5.65 
Change 1970-88 -0.53 —0.47 =0.57 
At retirement 3:33" 5.67 5.73 

Mental health 
Average 1970-88 5.60** 6.08 6.06 
Change 1970-88 0.15 0.13 —0.23* 
At retirement 5.45*** 5.95 6.09* 

Reasons for change in physi- jE sare, Gilets LEA, ie tsi rc ka 

cal health 

None 42.25 51.35 66.07 
Cardiovascular 15.49 18.92 12.50 
Stress 16.91 5.41 5.36 
Cancer related 7.04 4.05 5.36 
Other 18.31 20.27 10.71 

Reasons for changes in mental health l 
None 43.48 60.53 63.16 
Declining physical health 14.49 10.53 14.04 
Mental stress 28.99 13.16 12.28 
Change in lifestyles 5.80 10.53 8.77 
Familv problems 7.25 5.26 1.75 


* Self-reported data based on an index of I to 7, where 7 = excellent and 1 = poor. 


» Mean different at alpha levels = 0.01 (***), 0.05 (**), 0.10 (*). 
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tirees, late retirees reported having fewer phys- 
ical and mental health problems. 

Since health was thought to influence the de- 
cision to retire, health indexes were also pre- 
sented by respondent age. Self-reported health, 
shown in figure 1, suggests that mental and 
physical health of respondents were similar 
through age 55 and diverged afterwards. After 
age 55, respondents reported mental health as 
being superior to physical health with the great- 
est divergence occurring at ages 70 to 75. Con- 
versely, the variation in reported physical health 
was greater than that for mental health with the 
greatest divergence also occurring at ages 70 to 
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75. Discrepancies between mental and physical 
health suggest that physical health alone may not 
be a reliable indicator of respondent well-being 
or predictor of faculty retirement. 


Financial Profiles 


Previous studies have shown that the financial 
status of workers has a significant influence on 
their decision to retire (Fields and Mitchell). 
Hence, respondents were asked to report retire- 
ment incomes, expenses, and net worth. Finan- 
cial profiles of retirees are shown in table 4. 





45 50 565 60 


0.70 


0.50 
45 50 55 60 






65 70 76 80 85 


Age of Respondent 


(Where 7 = excellent and 1- poor) 


Figure 1. 


Health profiles of retired agricultural economics faculty 
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Table 4. Average Financial Status of Retired Agricultural Economics Faculty, 1988 





Characteristic <62 


Respondent’s annual salary 

during last year of 

employment 55,066 
Spouse’s annual salary 

during respondents last 


year of employment 10,454**** 
Respondent’s net worth 
Home 100,301 
Other investments 241,068 


Current annual income from 
all pensions 
Respondent’s 33,231 
Spouse’s 3,256 
Current annual income from 
ali other sources 


Respondent’s 18,232 
Spouse’s 6,144 
Growth in retirement income 
minus cost-of-living (%) 1.7 


Purchased life insurance to 
maximize value of 
pension (%) 17.8 
Hours per week on 
professional activities 
Compensated” L1°* 
Uncompensated 3.4** 


Age at Retirement 


62-65 >65 

een ere (SSB eters 
52,094 53,417 
4,611* 5,082 
91,500 105,172 
253,170 202,107 
34,821 33,648 
3,681 4,418 
17,196 20,686 
5,222 5,926 

1.0 2.6 

18.4 10.0 

4.6 3.3 

5.0 7.7 





* Means different at alpha levels = 0.01 (***), 005 (**), and 0.10 (*}. 
> Percentages of respondent groups with 20 or more hours of compensated professional activities were early 12.6%, normal 4.0%, and 


late 5.0%. 


Significant differences were found among sal- 
aries earned by spouses during the respondent’s 
last year of employment. Spouses of early re- 
tirees earned significantly more than spouses of 
later retirees. 

Respondents were asked to report their net 
worths in two categories: home and other in- 
vestments. The largest net worth in home was 
reported by late retirees, while the largest net 
worth in other investments was reported by early 
retirees. However, differences in net worths were 
not statistically significant. No significant dif- 
ferences were found in the annual incomes re- 
ceived from all pensions held by the respondent 
and spouse. 

Early retirees reported earning $55,066 in their 
last year of employment, adjusted to 1988 dol- 
lars by the consumer price index. The spouse’s 
salary at the time of the respondent’s retirement 
was reported to be $10,454 in 1988 dollars. Thus, 
combined earnings of early retirees and their 
spouses were $65,520. When these combined 
preretirement earnings were compared to total 
postretirement income (pensions and other 


sources) of $60,863, the gross earnings of early 
retirees decreased by 7.1% after retirement. By 
contrast, gross earnings of normal and late re- 
tirees increased 7.4%, and 10.6%, respectively, 
after retirement. These data suggest that mon- 
etary costs of retirement appear to decline with 
retirement age. 

These financial data also suggest that postre- 
tirement incomes from nonpension sources are 
important. These findings are consistent with re- 
spondents’ assessment of how well their retire- 
ment incomes have kept pace with their cost of 
living. Despite observed postretirement reduc- 
tions in gross earnings, early retirees indicated 
that the growth in their retirement income had 
exceeded cost-of-living increases by 1.7%. 
Comparable growth patterns were reported by 
late retirees, while retirees in the normal group 
reported smaller gains in real income after re- 
tirement. This growth in postretirement income 
was attributed to cost-of-living adjustments in 
Social Security payments as shown in table 2 
and asset disinvestment strategies of retirees as 
shown by declining net worths in figure 2. Some 
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Figure 2. Financial profiles of retired agricultural economics faculty 


of this growth in retirement income was also at- 
tributed to income from professional activities. 
Early, normal, and late retirees reported spend- 
ing 7.7, 4.6, and 3.3 hours per week, respec- 
tively, on compensated professional activities. 
A comparison of financial profiles by age of 
respondent is shown in figure 2. Linear trends 
of mean retiree incomes and net worth reveal 
constant incomes and gradual declines in net 
worths. Given that home values and annual in- 
come streams remain constant, retirees appear 
to be disinvesting other investments to maintain 
their annual incomes. These data suggest that 
financial profiles of retired faculty are likely to 
be affected by the length of the anticipated re- 
tirement period. Lengthy retirement periods 
would necessitate greater net worths and disin- 


vestment over a longer time frame. Respondents 
anticipating longer retirement periods were more 
likely to purchase life insurance to maximize the 
value of their pensions and provide financial se- 
curity for their spouses. Lengthy retirement pe- 
riods were also associated with declines in the 
variability of total net worth and increases in the 
variability in other investments. 


Retirement Model 


Relationships among retiree health, finances, and 
biographical characteristics, and retirement age 
were examined in a general retirement model. 
The purpose of this retirement model was to 
identify and estimate determinants of retire- 
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ment. The conceptual framework upon which 
the model was developed assumes that faculty 
maximize utility subject to various monetary and 
nonmonetary constraints. Faculty derive utility 
from combinations of work and leisure, subject 
to the constraints imposed by income, health, 
and family obligations. The relative prices of 
work and leisure determine the number of hours 
the respondent works each period. Likewise, the 
relative prices or opportunity costs of pre- and 
post-retirement influence faculty retirement de- 
cisions, subject to institutional and market con- 
straints. 

Work and leisure are assumed to be imperfect 
substitutes in consumption, suggesting that re- 
tirement is a rational alternative to the faculty’s 
career. Imperfect substitution between these ac- 
tivities suggest that the transition to retirement 
is apt to be gradual, with the faculty member 
working fewer hours near retirement and main- 
taining some professional activities after retire- 
ment (Honig and Hanoch). 

The decision to retire is based on the faculty 
member’s expected capacity to enjoy retire- 
ment. Financial assets are assumed to enhance 
the utility derived from retirement, while poor 
health diminishes the ability to work or to derive 
utility from retirement. Family relationships can 
either enhance or diminish the relative utility from 
retirement. Family members can offer financial 
and personal support to retirees and make their 
retirement experience more enjoyable. Finally, 
the structure of retirement programs affects the 
relative costs and, thus, the age of retirement. 

The faculty member’s age at retirement was 
used as the dependent variable in an economet- 
ric model to explain retirement behavior among 
agricultural economics faculty. Explanatory 
variables suggested by the conceptual frame- 
work and previous research are as follows. 

End-of-career financial profiles have been 
found to influence the decision to retire (An- 
derson and Burkhauser, Fields and Mitchell, 
Honig and Hanoch, Bazzali). For this study, five 
variables were used to describe financial pro- 
files of respondents. Respondent’s salary during 
last year of employment (RSAL) was entered in 
1988 dollars as a measure of the opportunity cost 
of retirement and the potential earnings from 
university pensions. The inclusion of RSAL as- 
sumed that faculty retirement follows the attain- 
ment of a threshold level of postretirement in- 
come. Higher salaries are assumed to provide 
greater financial security during retirement. Be- 
cause pensions are generally based on earnings 
before retirement, an inverse relationship was 
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expected between retirement age and respondent 
earnings, indicating higher salaries contribute to 
earlier retirement. 

Because almost 90% of respondents were 
married, spousal earnings were also expected to 
influence the decision to retire. The annual sal- 
ary earned by the respondent’s spouse during the 
respondent’s last year of employment (SSAL) was 
entered into the model in 1988 dollars and was 
expected to have a negative influence on retire- 
ment age. With few exceptions, retired faculty 
members had contributed to several retirement 
programs. Hence, the decision to retire was hy- 
pothesized to be based on contributions made by 
respondent and spouse to all retirement pro- 
grams. Years of service to all retirement pro- 
grams (JOTSER) were entered into the model 
on the assumption that contributions to retire- 
ment prcgrams enhance the financial security of 
the retired household. The variable years of ser- 
vice was expected to have a positive impact on 
retirement age. 

Other sources of retirement income were also 
hypothesized as important determinants of re- 
tirement. Of the financial assets owned by fac- 
ulty, net worth in non-home investments was 
considered the more liquid and amenable to dis- 
investment. Disinvestments of non-home assets 
provide income to supplement employer pen- 
sions and increase financial security during re- 
tirement. Thus, non-home assets were entered 
into the model (NVEST) and expected to have 
a negative impact on retirement age. 

Children serve as a potential source of finan- 
cial and psychological support during retire- 
ment. Retirement also affords the satisfaction of 
spending leisure time with children and grand- 
children. Thus, the number of children was en- 
tered into the model and expected to have a neg- 
ative impact on retirement age. 

Previous research has shown health is a pri- 
mary determinant of retirement (Anderson and 
Burkhauser, Bazzali). This study hypothesized 
that respondent attitude and assessments about 
health just before retirement were instrumental 
in the retirement decision. Thus, self-reported 
mental health before retirement (MENTAL) was 
entered into the model and expected to have a 
positive impact on retirement age. Faculty who 
gave high ratings to their mental well-being dur- 
ing employment were expected to retire later. 

Previous research has shown that morbidity 
rates have an influence on the retirement deci- 
sion (Anderson and Burkhauser). Lacking life 
expectancy data on individual respondents, the 
year of retirement (TREND) was entered into the 
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model as a proxy for increases in general health 
care and life expectancies that have occurred 
during the study period. The availability of im- 
proved health care and greater life expectancies 
were hypothesized to have a positive impact on 
retirement age. 

The final set of explanatory variables were in- 
cluded to account for and, thus, control for sit- 
uational differences in retirement programs and 
age differences between respondent and spouse 
(Dorfman). The diversity of retirement pro- 
grams across universities precluded systematic 
classification and testing of program differ- 
ences. However, the observed differences in re- 
tirements by faculty appointments suggested that 
faculty with extension appointments tended to 
retire earlier than their counterparts in teaching 
and research. The percentage of the respon- 
dent’s appointment designated as extension (SER) 
was entered into the model and expected to be 
inversely related to retirement age. Reasons for 
early retirement among extension faculty were 


attributed to the more generous retirement ben-. 


efits and options available to extension faculty 
under the pre-1983 Civil Service Retirement 
System (CSRS). Under this system, extension 
faculty with 30, 20, and 5 years of service, re- 
spectively, could retire at ages 55, 60, and 62 
without penalty (U.S. Office of Personnel Man- 
agement). Faculty under CSRS were also ex- 
empt from Social Security taxes and were not 
subject to the more restrictive eligibility criteria 
for Social Security benefits (U.S. Department of 
Health and Human Services). With an average 
of 25.6 years of service to the Civil Service Re- 
tirement, many extension faculty were eligible 
to retire before age 62. The tendency for re- 
search and teaching faculty to retire later was 
attributed to more restrictive retirement benefits 
among university retirement programs (Eason). 

Other factors associated with early retirement 
among extension faulty include greater job-re- 
lated stress and greater opportunities for con- 
sulting. In cross-tabulations of faculty by ma- 
jority appointment (>50%), the percentage of 
extension faculty reporting physical and mental 
stress was 13% and 28%, respectively. These 
levels were twice that reported by other faculty. 
Extension faculty also reported an average of 6.7 
hours of compensated professional activities af- 
ter retirement as compared with 4.4 hours re- 
ported by other faculty. 

The value of a university retirement program 
is considerably enhanced once an employee be- 
comes vested. Once vested, the value of the 
pension is increased substantially by matching 
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funds provided by the employer. Vesting often 
requires that an employee make contributions to 
a retirement program for a minimum number of 
years. The value of a pension, also depends on 
the total years of service. For example, thirty 
years of service are required by some programs 
to be eligible for full pension benefits. Both of 
these retirement program attributes are sensitive 
to the age of initial employment with the uni- 
versity. The younger one begins employment, 
the sooner these program requirements can be 
met and the sooner full benefits can be received 
at retirement. Thus, the respondent’s age at ini- 
tial employment with the university (AGEURP) 
was entered in the model and expected to have 
a positive impact on retirement age. 

Retirement programs also differ in their pol- 
icies on mandatory retirement. To capture these 
differences across respondents, a binary vari- 
able for mandatory retirement (MAND) was en- 
tered (Leigh). MAND was equal to one if the 
respondent retirement was mandatory, zero oth- 
erwise. 

Finally, age differences between respondent 
and spouse were also thought to affect the re- 
tirement decision. Because retirement affords the 
individual or household an opportunity to travel 
and relocate, the respondent’s decision to retire 
was hypothesized to be closely related to the 
spouse’s decision to retire. Age differences be- 
tween respondent and spouse (AGEDIFF ) were 
entered into the model with the expectation that 
respondents with younger spouses tended to 
postpone retirement to accommodate their 
spouses’ working career. 


Results 


Ordinary least squares estimates of the retire- 
ment model are shown in table 5. With one ex- 
ception, all estimated parameters were signifi- 
cant and consistent with a priori expectations. 
The empirical model found that total service to 
all retirement programs, self-reported mental 
health, health care trends, age at initial employ- 
ment with the university, mandatory retirement, 
and age differences between respondent and 
spouse were positively related to retirement age. 
End-of-career salaries, net worth in non-home 
investments, number of children, and extension 
appointments were inversely related to retire- 
ment age. The lack of significance with the net 
worth variable was attributed to suspected in- 
consistencies among respondents in reporting the 
value of pensions as non-home assets. Model 


650 August 199] 


Amer. J. Agr. Econ. 


Table 5. Factors Associated with Retirement Age of Agricultural Economics Faculty, 1988 





R? = 0.42; number of observations = 182 


* Standard error shown in parentheses. 
> Significant at alpha levels = 0.01 (***), 0.05 (**), or 0.10 (*). 


estimates lend support to the utility maximiza- 
tion framework of the retirement decision. 

The implications of model estimates must be 
interpreted in relation to the magnitude of their 
impacts on retirement age. For example, faculty 
with 100% extension appointments tended to re- 
tire three years earlier than teaching and re- 
search faculty with no extension appointments. 
Each child hastened the retirement decision by 
four months. In successive years of the survey 
period, the average age at retirement increased 
by five weeks. An additional $10,000 in house- 
hold income hastened the retirement decision by 
six months. Faculty elected to retire 3.7 years 
before mandatory retirement. 


Conclusions 
The findings of this paper suggest that the de- 


cision to retire is complex and not based on any 
single criterion. Although many determinants of 


Variable Variable Description Mean Coefficient 
Dependent Variable 
RETAGE Retirement age 63.00 ~ 146.90 
(111.687 
Explanatory Variables 
RSAL Respondent’s annual salary at retire- 
ment (1,000’s) 53.50 —0.05***> 
(0.03) 
SSAL Spouse’s annual salary at retirement 
(1,000’s) 6.77 —0.05** 
(0.02) 
TOTSER Total years service to all retirement 
funds 57.78 0.03* 
(0.02) 
INVEST Net worth in non-home investments ; 
(100,000’s) 2.35 —0.04 
(0.08) 
CHILD No. of children 2.89 —0.29* 
(0.17) 
MENTAL Index of self-reported mental health 5.82 0.33* 
: (0.19) 
‘TREND Retirement year 1980.63 0.10* 
(0.06) 
SER Percent service appointment 40.10 =0.037** 
(0.01) 
AGEURP Age at initial employment with uni- 
versity 41.93 0.06*** 
(0.02) 
MAND Binary = | if mandatory retiremen*; 
0 if otherwise 0.26 3: 108** 
(0.61) 
AGEDIFF Respondent’s age minus spouses’s ag2 3.16 0.19*** 
(0.06) 


retirement were identified, the impacts of many 
of these determinants are small in isolation. These 
findings of this study have implications for the 
inevitability of retirement and relatively narrow 
time frame during which the retirement decision 
is made. The inevitably of retirement should alert 
faculty and universities to take active roles in 
planning for retirement, both mentally and fi- 
nancially (Dorfman). 

The inability to obtain a comprehensive mail- 
ing list of retired agricultural economics faculty 
from our professional directories has implica- 
tions for our professional associations. The will- 
ingness of retired faculty to spend time on 
professional activities suggest that professional 
associations have failed to fully utilize the hu- 
man capital embodied in many of our retired 
colleagues. A restructuring of professional as- 
sociation dues and activities to encourage greater 
participation by retired faculty is worthy of con- 
sideration. 

The extent to which the findings of this re- 
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search can be generalized merits discussion. First, 
the survey population was limited to agricultural 
economics faculty who had retired from land 
grant universities. Agricultural economists who 
had retired from government and private indus- 
try were not examined in the survey and, hence, 
model parameters may not be applicable to these 
groups. Second, the age of the respondent pop- 
ulation enabled many extension faculty to be el- 
igible for the pre-1983 Civil Service Retirement 
Program. Social Security Amendments of 1983 
mandated Social Security coverage for all new 
federal employees hired after 1983 (Cowen et 
al.). This provision led to the creation of the 
Federal Employees’ Retirement System (FERS). 
With retirement benefits under FERS coordi- 
nated with Social Security coverage, many of 
the generous retirement provisions previously 
available to CSRS participants have been elim- 
inated along with incentives for early retire- 
ment. Hence, model parameters may not be valid 
for extension faculty under the revised FERS. 

Other changes taking place in the agricultural 
economics profession may also change individ- 
ual retirement strategies. Among these are fac- 
ulty retrenchment, the changing pattern of twelve- 
month appointments, changes in the mission of 
agricultural economics departments, and the 
consolidation of teaching and research programs 
on a regional setting. Changes which result in a 
general decline in the demand for agricultural 
economics faculty might advance programs for 
early retirement and result in a reduction in the 
average retirement age of agricultural econom- 
ics faculty. By contrast, the abandonment or lib- 
eralization of mandatory retirement laws might 
delay the retirement decision of some faculty, 
but their impacts on increasing the average age 
of retirement are expected to be small. 


[Received September 1989; final revision 
received November 1990.] 
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Local Economic Conditions and 
Wage Labor Decisions of Farm 
and Rural Nonfarm Couples 


J. G. Tokle and Wallace E. Huffman 


Effects of geographical differences in local economic conditions on wage labor demand 
and wage labor participation decisions of rural couples are examined for Current 
Population Survey households 1978-82. Wage premiums are shown to exist for 
localities anticipating labor demand growth, higher unemployment rates, larger share of 
employment in services, and higher costs of living. These effects are stronger for males 
than females. Effects of local economic conditions on the probability of wage work are 
consistent with expected market wage and reservation wage effects, and for farm 
households the probability of wage work increases when expected farm output prices 


decline or the wage increases. 


Key words: farm couples, human capital, local business cycles, local labor markets, 


rural, wage labor participation, wage rates. 


The objective of this paper is to examine the 
effects of geographical differences in local eco- 
nomic conditions on wage labor demand and la- 
bor force participation decisions of U.S. farm 
and rural nonfarm couples. One hypothesis is 
that localities with higher anticipated employ- 
ment growth and unemployment rates pay a wage 
premium to attract workers from other locali- 
ties. Thus, when the local anticipated employ- 
ment growth rate declines (relative to the na- 
tional rate) real wage rates fall in these localities 
and rise in others. Another hypothesis is that lo- 
calities experiencing unanticipated negative la- 
bor market shocks show a decline of real wage 
rates; an example is the case of the upper Mid- 
west during 1981—82. Other geographical wage 
differences are the result of cost of living and 
locational amenities. 

A considerable amount of research on labor 
supply of married males and females has uti- 
lized a single-worker model (DaVanzo, De- 
Tray, and Greenberg; Mroz, table 1). Further- 
more, Mroz has continued this tradition in a 
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recent analysis of the sensitivity of female labor 
supply to an array of economic and statistical 
assumptions. However, we believe that new in- 
sights can be gained by considering labor supply 
decisions in a two-worker, husband-wife model, 
e.g., see Huffman and Lange. In particular, a 
spouse’s wage has substitution and income ef- 
fects rather than just income effects alone. A 
spouse’s education may affect a partner’s labor 
supply decision by changing the reservation wage 
through efficiency effects on family wealth and 
household production (and for farm households 
on farm production) or taste. A couple’s labor 
supply decisions are affected by the same eco- 
nomic shocks, so a joint estimation procedure 
should increase the statistical efficiency of the 
parameter estimates. 

The paper has the following organization: The 
empirical setting for the study is presented first. 
Second, the economic models of labor demand 
and labor supply are developed, including local 
labor market effects. Third, the data and econo- 
metric model are summarized. Fourth, the 
econometric results are reported. Finally, some 
conclusions and implications are presented. 


The Empirical Setting 


This section presents summary measures of dif- 
ferences across localities in labor market char- 
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acteristics, primarily unemployment rates, em- 
ployment growth, and shocks to labor demand. 
The basic geographic unit is a state because states 
are the smallest unit for which annual data are 
available. Statistics are reported for the twenty- 
three states having the largest rural population 
in 1980. 

Equilibrium unemployment rates differ geo- 
graphically and have not tended to converge over 
time. Table 1 presents the ratio of predicted state 
unemployment rates to the predicted national 
unemployment rate for 1970, 1974, 1978, and 
1982.' Only four years are reported for each state 
to conserve space; these yedrs lead up to and 
include the 1978-82 period covered in this study. 
At any point in time important regional differ- 


! Each state’s annual unemployment rate, 1968-82, and the na- 
tional unemployment rate were regressed on quadratic trend. The 
predicted unemployment rates are forecasts from these regressions. 
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ences in unemployment rates exist and tend to 
persist over time (e.g., Hall, Abowd and Ash- 
enfelter, Adams, Topel). For example, the un- 
employment rates are uniformly higher than av- 
erage for Michigan, West Virginia, Mississippi, 
and Louisiana. The unemployment rates are uni- 
formly below average for Pennsylvania, Min- 
nesota, Iowa, Virginia, North Carolina, Geor- 
gia, and Texas. For other states, no simple 
relationship exists during 1970-82 between their 
unemployment rate and the national average rate. 

Table 1 also presents the ratio of predicted 
state employment growth rates to the predicted 
national employment growth rate.* The table 
shows that the employment growth rates in 
Georgia, Florida, Louisiana, Texas, and Cali- 


? The natural logarithm of total private sector employment, 1968— 
82, was regressed on quadratic trend. Predicted employment growth 
rates are the first differences of the predicted employment values 
from these regressions. 


Table 1. Geographical Distribution of Unemployment and Employment, Twenty-three Se- 


lected States, 1970-82 





Unemployment” 

States 1970 1974 1978 1982 
New York 1.09 1.25 1.17 94 
Pennsylvania 89 98 1.08 -90 
Ohio .89 92 1.07 1.27 
Indiana .87 85 1.04 1.33 
Illinois 83 .82 .97 1.20 
Michigan 1.28 1.26 1.42 1.63 
Wisconsin .85 .74 85 1.10 
Minnesota .83 74 -75 .78 
Iowa .63 Jl .64 94 
Missouri 87 .79 .86 1.00 
‘Virginia 72 .74 .78 .80 
W. Virginia 1.35 1.05 1.15 1.44 
N. Carolina .80 .80 85 .90 
S. Carolina 1.02 92 .97 1.11 
Georgia .83 .92 .92 .84 
Florida „85 1.08 1.06 .83 
Kentucky .96 79 .89 1.15 
Tennessee 87 .80 .96 1.23 
Oklahoma .98 87 1.10 1.52 
Mississippi 2.11 1.57 1.25 1.00 
Louisiana 1.30 1.11 1.06 1.05 
Texas .78 75 74 .76 
California 1.35 1.28 1.15 .93 
United States 4.6 6.1 7.2 8.1 


Employment” Rural population 
1980 

1970 1974 1978 1982 (1,000) 
— 32 — .04 22 46 2,700 

45 .35 .26 Ayi 3,643 

86 .58 .30 .25 2,879 
1.09 sT .30 — .04 1,965 

4] 40 .39 38 1,908 
1.09 .66 .26 acer 2,711 
1.23 1.02 82 .63 1,685 
1.41 1.28 1.12 .97 1,351 
1.64 1.06 .52 — .00 1,206 

-77 71 .65 9 1,567 
2.09 1.68 1.29 92 1,817 
1.32 .97 .60 29 1,244 
1.59 1.33 1.08 84 3,059 
2.18 1.64 1.08 oo 1,433 
1.59 1.42 1.29 1.13 2,054 
2.45 2.17 1.94 1.72 1,533 
2.09 1.42 73 .13 1,799 
1.82 1.28 -78 .28 1,818 
1.73 1.33 .95 39 1,556 
2.09 1.64 1.08 5 1,328 
1.32 1.55 1.77 2.02 1,319 
1.68 1.90 2.16 2.39 2,896 
1.23 1.37 L3) 1.60 2,060 
2.20 2.26 2232 2.38 $9,495 


* Numbers are ratios of the predicted state unemployment rate to the predicted national unemployment rate. Annual unemployment rates 
for each state and for the U.S. were regressed on quadratic trend, 1968—82, to obtain the predictions. 
» Numbers are ratios of the predicted state employment growth rate to the predicted national employment growth rate. The logarithm of 
annual employment in the private sector for each state and the U.S. were regressed on quadratic trend, 1968-82. The predicted em- 
ployment growth is the difference between the predicted logarithm of employment in two adjacent years. 
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fornia are uniformly larger than average, and for 
New York, Pennsylvania, Ohio, Illinois, and 
Missouri, employment growth is uniformly be- 
low the national average. During this period, 
some states (i.e., Iowa, West Virginia, South 
Carolina, Kentucky, Tennessee, Alabama, and 
Mississippi) went from having far above- to far 
below-average employment growth rates. In 
general, these data show a very unequal geo- 
graphical distribution of employment growth 
1970-82. 

The geographical distribution of labor de- 
mand “shocks” is also unequal. Table 2 pre- 
sents indexes of local labor demand shocks for 
the subperiod 1978-82. These measures were 
constructed as follows. First, the natural loga- 
rithm of annual private employment (1968—82) 
- was regressed on quadratic trend. The residuals 
from these regressions, €, are indexes of time- 
varying local demand conditions in state s and 
year t. Second, the natural logarithm of the na- 
tional aggregate employment was regressed on 
quadratic trend. The residuals from this regres- 
sion, €, Measure the aggregate labor demand 
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disturbance in year t. Relative local labor de- 
mand disturbances in year ¢ and state s are then 
defined as 7; = & — €, which expresses the 
current local labor demand “shock” as a devia- 
tion from the aggregate labor demand “shock.” 
(This measure is used by Topel, p. $129). 

These measures of local labor demand dis- 
turbances have two important features. First, for 
a given year, substantial geographical variation 
in employment disturbances occurs. They also 
are largely unrelated to the aggregate business 
cycle. Second, for a given state the successive 
disturbances occur as local cycles. Shocks with 
the same sign tend to persist for a couple of years 
then to reverse themselves. 

When workers and firms are immobile, local 
economic conditions will affect real wage rates. 
Although workers are largely immobile in the 
short run, they are geographically mobile in the 
long run. However, differences among localities 
in their net advantages to firms (industries) and 
in their amenities and cost of living character- 
istics to workers contribute to permanent differ- 
ences in labor markets of different localities. 


Table 2. Relative Employment Disturbance, Twenty-three Selected States, 1978-82 





States 1978 1979 

New York —2.25 —2.24 
Pennsylvania —0.40 —0.35 
Ohio 0.67 0.98 
Indiana 2.58 2.22 
Hiinois 0.90 0.71 
Michigan 4.12 3.05 
Wisconsin 0.60 1.42 
Minnesota 0.66 1.48 
iowa 1.89 0.95 
Missouri 1.22 1.46 
Virginia —0.52 ~1.41 
W. Virginia 0.41 1.98 
N. Carolina —0.17 0.42 
S. Carolina —0.72 —0.67 
Georgia —0.43 —0.80 
Florida —3.33 —2.85 
Kentucky ` 1.01 1.29 
Tennessee 0.87 0.44 
Oklahoma — 1.50 —2.56 
Mississippi 1.95 1.49 
Louisiana 0.92 —1.03 
Texas —1.09 —1.42 
California 0.67 0.85 
United States 2.39 3.59 


1980 1981 1982 
—0.97 0.69 2.94 
—0.31 0.25 0.32 
—0.34 ~—0.13 —0.31 
121 ~0.49 =1.28 

0.81 <4 05 —0.90 
or D7 == 1125 —2.16 
C.33 ~—0.62 —0.77 
1.00 —0.28 1/50 
0.11 -0.53 =£.57 
-0.37 —0.98 =O 
0.49 -0.15 0.34 
0.62 —1.40 —1.23 
0.12 0.02 —0.17 
0.06 0.57 0.47 
~0.49 0.11 1.65 
0.14 1.88 2.55 
—0.86 =LI3 —0.01 
—0.77 0.39 —0.18 
a E e 0.75 2.00 
0.26 ~0.97 —1.34 
0.23 0.40 =e 
~0.72 0.76 0.68 
0.34 0.12 pad Bye 
1.88 0.34 meee | 





Note: The numbers are measures of nj = & — & except for the last row See the text for details. 


Tokle and Huffman 
The Economic Model 


In a labor market workers simultaneously sell 
their services and buy the attributes of jobs, in- 
cluding location. Employers also buy the ser- 
vices and characteristics of workers and sell job 
attributes. Therefore, the theory of equalizing 
wage differentials stresses both supply and de- 
mand for labor, and the market equilibrium pro- 
cess allocates or assigns specific workers to spe- 
cific firms and locations (Rosen). 


Labor Demand 


The actual wage can be viewed as the summa- 
tion of two distinct transactions, one for labor 
services and worker characteristics and another 
for job and locational attributes (Rosen). Lo- 
calities are assumed heterogenous over charac- 
teristics that matter for optimal firm-industry 
(employer) and household (worker) decisions. 
This environment contains spatially related 
competitive labor markets with equilibrium wage 
differentials. A wage premium is paid by em- 
ployers to induce workers to undertake undesir- 
able tasks or work at an undesirable location. 
Unequal transitory shocks to labor demand in 
different localities are an added source of geo- 
graphical differences in wage rates. 

The wage elasticity of aggregate labor de- 
mand for a locality is negative, but individuals 
face a perfectly elastic demand for their labor. 
Our labor demand or wage rates at a given lo- 
cation and for a given sex are assumed to de- 
pend on skill or human capital ({) and job or 
locational characteristics—permanent or antici- 
pated labor market conditions (Q), transitory or 
unanticipated labor market conditions (@), local 
cost of living (WY), and locational amenities (A). 
This relationship is summarized as 


(1) Wi = WI (2, Q, œ, 4, A), 


where j = M(males), F(females). 

Permanent or anticipated labor market con- 
ditions refer to important conditions that local 
firms and workers know and include in rational 
decision making. These variables include the 
anticipated or long-run unemployment rate, an- 
ticipated rate of job growth, and anticipated 
change in the occupational composition of em- 
ployment. When anticipated unemployment 
harms workers (households) more than firms 
(employers), firms or localities with higher an- 
ticipated unemployment rates will have higher 
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equilibrium wage rates than other firms or lo- 
calities (Hall, Abowd and Ashenfelter, Adams, 
Topel). That is, higher wage rates compensate 
for higher probabilities of unemployment. When 
households (workers) bear most of the cost of 
geographical and occupational mobility, geo- 
graphic differences in the anticipated rate of em- 
ployment growth and in change of occupational 
composition of employment are also the source 
of compensating geographical wage differen- 
tials (Lilien, Adams, Topel). Thus, positive wage 
differences provide economic returns to house- 
holds for geographical or occupational mobility. 
Locational differences in the cost of living can 
be decomposed into effects of prices of goods 
traded among locations and of nontraded goods 
and services (Tolley, Kenny and Denslow). With 
competitive markets, the prices of traded goods 
in two areas differ by transport costs so that they 
likely are an insignificant source of cost of liv- 
ing differences. However, prices of nontraded 
goods and services differ more between two lo- 
calities. The price of housing-plus-access is a 
good example for the nontraded good. Further- 
more, because housing costs are about 14% to 
15% of workers’ household expenditures, lo- 
cational differences in these prices are a signif- 
icant source of interlocality wage differences. 
Areas differ in the quantity and quality of lo- 
cational amenities. Normal climatic conditions, 
e.g., average January and July temperature, are 
characteristics of the local environment that likely. 
matter to households (workers) and possibly to 
firms. Other studies (e.g., Israeli, Hock and 
Drake, Kenny and Denslow) have found signif- 
icant effects of climatic conditions on wage rates. 


Labor Supply and Labor Force Participation 


Households make labor supply and labor force 
participation decisions of their members. In this 
analysis, the focus is on single-family, husband- 
wife households, where the decisions are for one 
period, and households are risk neutral about 
uncertain outcomes including employment or 
unemployment. This means the expected wage 
is used in resource allocation decisions. 
Participation decisions of farm and rural non- 
farm households are analyzed. The nonfarm 
households are assumed to have only wage and 
asset income; farm households have asset in- 
come, self-employment income from their farm 
business, and perhaps off-farm wage income. 
Thus, the wage-labor participation decisions of 
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farm households are more complex than for ru- 
ral nonfarm households (Huffman and Lange, 
Strauss). 

The economic decision-making framework 
of these households is summarized in equations 


(2)-(5). 


(2) U = UIT Ti Y; 0", FAD 
(3n) T = T} + T}, Th 2 0,j=M,F 
3a) T=T}+ T+T, T} =0,j=M,F 
(4n (u) W¥T*+ (1 -u® 
WET +V=P,Y 

(4a) dQ —-—uS wi7%+a-u)wi TE 

+V+P.9Q-W,X+V=P,Y 
(Sa) Q =Q, Ti, X; i", f°, A). 


Notation “n” and “a” after the equation number 
refer to nonfarm and farm households, respec- 
tively; other equations refer to both types of 
households. 

Farm and nonfarm households derive utility 
from the leisure time of the husband and wife 
(T}) and from goods purchased in the market 
(Y). Household utility also depends on hus- 
band’s and wife’s human capital (¢’), local cli- 
mate (A), and other household characteristics (7), 
e.g., number of children in the household and 
commuting distance to service centers. 


(6n) 
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specific unemployment rates are exogenously 
determined for the households. Furthermore, 
firms and households do not know the unantic- 
ipated parts of employment growth or unem- 
ployment rates. W% is the anticipated wage, given 
unemployment, when unanticipated local labor 
disturbances are zero, i.e., œw = O in equation. 
(1). Expected household wage income is (1 — 
u”) We TM + (1 — u*)W* T$. Household asset 
income is V. Farm households also have uncer- 
tain self-employment or net income from a farm 
business (PQ — W,X). Farm output (Q) is pro- 
duced by inputs of husband’s and wife’s farm 
hours (T+) and by purchased inputs (X). The ef- 
ficiency of the production process is affected by 
human capital of the husband and wife (£’) and 
climate (#).° 

Households are assumed to face a perfectly 
elastic supply of the consumption good (Y) at a 
price P,. Farm households also face a perfectly 
elastic supply of inputs at price W, and perfectly 
elastic demand for farm output. However, the 
price of farm output is uncertain when produc- 
tion plans are made, and Pg denotes the ex- 
pected price. 

For rural nonfarm households, wage labor 
supply functions are obtained by maximizing (2) 
subject to (3n) and (4n). For farm households, 
wage labor supply functions are obtained by 
maximizing (2) subject to (3a), (4a), and (Sa). 
These wage labor supply equations are: 


Th = SLIG — uw, A — uW}, P,, V, 2", i, A, T), TE > 0, 


SHA — ÀW, Py, V, ¢*, 07, A, t), Th = 0, 7, k= MF Hk. 


(6a) 


T= SA Hw Ww, 0 SW" Pa V Pos Wel oA GI, TOS 


SnlQ ~ u*) We, Py, V, Po, Wx, a ap å, T, l, g = 0, J; k = M, F, j# k. 


Farm and nonfarm households receive human 
time endowments each year (T) for the husband 
and wife, which are considered heterogenous. 
In nonfarm households, the time of each adult 
is allocated between work for a wage (Th) and 
leisure (T4). In farm households, time is allo- 
cated among work on their own farm (T4), work 
for a wage (off farm) (7%,), and leisure (T4). In 
farm and nonfarm households, optimal hours of 
wage work might be zero in any year. Hence, 
a nonnegativity constraint is imposed on wage 
work (T; = 0). 

The cash income of farm and rural nonfarm 
households is uncertain because of uncertain 
employment prospects. Thus, the wage rate, 
given employment, is adjusted for the expected 
probability of unemployment (u’). These sex- 


Equations (6n) and (6a) show that wage labor 
supply functions for a given individual have dif- 
ferent structures (Huffman and Lange). When 
both married nonfarm individuals work for a 
wage, their wage labor supply is a function of 
their expected anticipated wage rates, price of 
consumption goods, asset income, their human 
capital stocks, the local climate, and tastes. For 
farm households, the expected price of farm 
output, the price of purchased farm inputs and 
a technology parameter also determine off-farm 
wage labor supply. 

Wage-labor participation decisions of an in- 


? The effect of a tax on income is excluded from the economic 
(and econometric) model. This simplification is unlikely to be of 
major consequence for the empirical results (Mroz). 
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dividual are modeled as a comparison of his (her) 
reservation wage and anticipated market wage. 
The reservation wage equation is derived from 
the wage-labor supply equation by setting wage 
work hours equal to zero: 


(7n) wh = ( 
1-— w) 


GIP, V, 0", 0", A, 7, (1 — u"), Q, w = 0, 4], 


J,kK=M,F;jJ# k. 
ater 
W= | — 
l= w 

G1 [P,, V, Po, Wx, MOAT $, 


(1 — u*), Q, o = 0, 4], 
j,k = M, F;j#k. 





(7a) 


A nonfarm household member participates in 
wage work when his (her) reservation wage is 
less than the anticipated wage in the market.* A 
farm household member participates in nonfarm 
wage work when the marginal value of his (her) 
leisure and (or) farm work hours are less than 
the anticipated nonfarm wage. 

The probability of wage work can be ex- 
pressed as the probability that an individual’s 
reservation wage is less than his (her) antici- 
pated market wage. For the ith household and 
jth married individual, define 

nie f if jth individual works for a wage 

i 0 otherwise : 


J=M, F; 
then the probability of wage work for the ith 
individual is 
(8) PAD} = 1} = F{W} < Wi); j =M, F, or 
a) MD T Fo, As 7.0, 

(Q =w), (1 — u’), 
jJ, k = ETE and 
(8n) P,{D=1}= 


FIP,, V, Po, Wy, $, o, g A, T, Q 
(1 =w), (1 =a), 
j,k, = M, F; j * k, 


where F( ) is a distribution function. Variables 
that explain the probability of wage work enter 
an individual’s labor demand and labor supply 
functions, except for the individual’s anticipated 





* Alternatively, decisions can be made by comparing indirect utility 
functions associated with different outcomes. 
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wage rate. When the labor supply schedule has 
a positive slope, variables that cause the labor 
supply curve to shift to the left will increase the 
reservation wage and reduce the probability of 
wage work. A change in a variable that raises 
the market wage—-raises the labor demand 
curve-——will increase the probability of wage 
work. 

Selected variables are examined for their ef- 
fects on the probability of wage work. An in- 


- crease of an individual’s schooling will increase 


the anticipated market wage and reservation 
wage. The net effect on the probability of wage 
work is a priori ambiguous, but other studies 
(e.g., Heckman and MaCurdy 1980, 1982; 
Huffman and Lange) have found a strong pos- 
itive effect of an individual’s schooling on the 
probability of wage work for married farm and 
nonfarm males and femalels in the United States. 

When leisure is a normal good, a higher ex- 
pected price of farm output reduces the proba- 
bility of wage work by couples who operate a 
farm business. The reason is that the quantity 
demanded of husband’s and wife’s farm labor 
increases, provided their farm hours are a nor- 
mal input and the quantity of their leisure de- 
manded increases due to the increase of ex- 
pected profit. Higher farm input prices change 
the probability of wage work in an a priori am- 
biguous direction. Hired (nonfamily) labor and 
family labor are heterogenous. If hired farm la- 
bor and husband’s and wife’s farm labor are gross 
substitutes, then a higher wage for hired labor 
will cause a rightward shift of the demand for 
husband’s and wife’s farm labor. A higher input 
price reduces expected farm profit and reduces 
the demand for leisure of the husband and wife. 
Thus, the net effect on the reservation wage and 
probability of wage work is a priori ambiguous. 
A change in the price of other inputs yields a 
similar conclusion. 

The effects of local labor market conditions 
depend partially upon expectations. If the de- 
mand for leisure increases as the expected wage 
decreases, a higher expected local unemploy- 
ment rate will raise an individuals’ reservation 
wage. When anticipated unemployment hurts 
workers more than firms, firms or localities that 
have higher expected unemployment rates will 
pay higher wage rates. Thus, the net effect of 
anticipated unemployment on the probability of 
wage work depends on which of these changes 
is largest. Localities having more rapid antici- 
pated job growth are expected to pay higher wage 
rates than other areas and hence will increase 
the probability of wage work. On the other hand, 
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unanticipated changes in local labor market con- 
ditions are not expected to affect the probability 
of wage work. These disturbances can at best 
be poorly forecasted and at worst cannot be 
forecasted. The anticipated wage rates are higher 
in these localities, while the reservation wage 
likely is unaffected. 


The Data and Econometric Model 


The econometric model incorporates effects of 
local economic conditions on wage labor de- 
mand and probability of wage work of married 
rural males and females. Focusing on males and 
females provides a better picture of the total ef- 
fect on households and on differences resulting 
from gender. Farm and rural nonfarm house- 
holds from the Current Population Surveys (CPS) 
and having economic activity in 1978, 1979, 
1981, and 1982 are the decision units to be stud- 
ied. 


The Data 


The CPS is a monthly survey containing infor- 
mation about the employment status of members 
of approximately 60,000 interviewed house- 
holds residing in every state of the United States. 
The annual demographic file (March) contains 
information on labor force participation, em- 
ployment, and earnings of household members 
during the calendar year before the survey. 
Starting in 1977, the state of residence and farm- 
nonfarm residence of each household are iden- 
tified. 

One sample consists of nonmetropolitan-non- 
farm households where the husband and wife are 
present and no self-employment income was re- 
ceived. This is the closest definition to rural 
nonfarm because households having rural non- 
farm residence are not identified in the CPS. This 
sample comprises “rural nonfarm” wage earn- 
ing households. The other sample consists of 
husband-wife households that have a farm res- 
idence and self-employed income from farming. 
In both samples, households having a residence 
in the contiguous forty-eight states, except for 
New England, are included. Households in New 
England were excluded because of the lack of 
importance of agriculture in those states. These 
two samples from the forty-two states consist of 
about 8,115 rural nonfarm households and 1,466 
farm households per year. 

Local markets are defined as state units in this 
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study. A state is the smallest geographic unit in 
which a CPS household can be identified. States 
are also the smallest political-economic-geo- 
graphic unit for which annual data are collected 
on employment, unemployment, and agricul- 
tural prices. In addition, government programs 
frequently target state units. Other recent studies 
(e.g., Adams, Topel) have used state units as 
labor markets. 

The years 1978—82 give variations in local 
economic conditions that affect wage and par- 
ticipation rates. This period was chosen for 
several reasons. The CPS first identified the farm- 
nonfarm residence of households in 1977. Sec- 
ond, the period 1975—79 is the trough-to-peak 
part of a national business-cycle expansion (Ex- 
ecutive Office of the President). The national 
average unemployment declined from 8.3% in 
1975, to 5.8% in 1979, Net farm income was 
relatively good in the late 1970s. The period 
starting in 1980 contained a business-cycle con- 
traction. The national unemployment rate rose 
from 7% in 1980 to 9.5% in 1982-83. The sharp 
rise of real interest rates and fall in the value of 
the U.S. dollar contributed to the drop in net 
farm income during 1981 and 1982. Although 
the depression of the farm economy continued 
after 1982, extending the analysis through 1983 
did not seem wise because the first large gov- 
ernment payment-in-kind (PIK) programs oc- 
curred in 1983. Third, the data in table 2 show 
relatively large geographical variation in shocks 
to labor demand during this period. Fourth, Lil- 
ien has shown that employment growth was un- 
egually distributed across U.S. industries in the 
1970s. Significant shifts of the occupational-in- 
dustrial mix of employment occurred, especially 
a rise in the share of employment in services, 
finance, insurance and real estate but a decrease 
in manufacturing. 

When the four cross-sectional files are com- 
bined, the data on forty-two states and four years 
gives 168 potentially distinct observations on 
different lecal economic conditions. Although 
deta for four years are used, it is not a panel 
consisting of the same households. About 25% 
of the CPS households in any year are replaced. 


Empirical Definitions 


Definitions and sample mean values of the vari- 
ables are presented in table 3. More details are 
presented below on the derivation of selected 
variables. 

Average hourly wage rates are derived for ru- 
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Table 3. Variable Names and Sample Means, Rural Married Couples 1978—79, 1981-82 





Sample Mean 
Symbol Variable Description Nonfarm Farm 
Individual /household 
AGEM Husband’s age (yrs) 47.0 50.5 
AGEF Wife’s age (yrs) 43.9 47.2 
EDM Husband’s schooling (yrs) 11.5 11.3 
EDF Wife’s schooling (yrs) 11.6 11.8 
RACE 1 if nonwhite; 0 otherwise .O7 .03 
KIDS06 Number of children under age 6 31 al 
KIDS618 Number of children ages 6-18 66 69 


ASSETINC Household real nonwage and nonfarm income $10,386" $10,701° 
(1967 prices)* 


Lecal labor market conditions 


PJOBGR Predicted state employment growth rate (see 2.17 2.06 
i text) 

PURATE Predicted state unemployment rate (see text) 7.46 7.18 

ASHRSER Change of share of a state’s jobs in serv. 1.02 9] 
occupation (previous 2 yrs.) 

ESHOCK Relative state employment growth shock (see 08 5 
text) 

RURATE Residual state unemployment rate (see text) — 37 — 38 

Cost of living and locational amenities 

PLAND State average price of agricultural land in .91° .79° 
1978 ($1,000/acres) 

URBAN Percentage of state population urban .68 .66 

JAN Normal January ave. temperature (degree F) 34.1 29.7 

JULY Normal July ave. temperature (degree F) 75.9 75.1 

Agricultural prices and climate 
PCROP State real price index for crops (1967 prices) 444° 
PLIVE State real price index for livestock (1967 S17 
prices) 

FARMWAGE State real wage rate for hired farm labor 504" 
(1967 prices) 

POTINP State real price index for nonlabor farm input 536" 
(1967 prices) 

RAIN State annual average precipitation (inches) 35.7 

GDD State average growing season length— 3.336 


growing degree days (1,0005) 


Regional dummies and trend 


NC 1 for resident in North Central Region; 0 .28 46 
otherwise 
SOUTH 1 for resident in South; 0 otherwise 51 38 
WEST 1 for resident in West; 0 otherwise .06 12 
TIME Trend 3.00 3.00 
Dependent variables 
WAGEM Real married male nonfarm wage ($/hr; 1967 $2.87° 
prices) 
WAGEF Real married female nonfarm wage ($/hr, $1.66" 
1967 prices) 
D” 1 if husband works for wage; 0 otherwise 75 43 
DF 1 if wife works for a wage; 0 otherwise 54 39 


® Geometric mean. All other numbers are arithmetic means. 
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ral nonfarm married males and females. For in- 
dividuals in the rural nonfarm wage work 
households, the average wage of an individual 
is his (her) wages and salaries for the year pre- 
ceding the survey divided by the product of his 
(her) hours worked per week last year and weeks 
worked last year. An accurate measure of the 
average wage rate cannot be computed for in- 
dividuals in a household with self-employment 
income because hours worked include hours at 
all jobs, both wage work and self-employment. 
Thus, average wage rates are not available for 
CPS farm household members. Nominal wage 
rates are deflated by the consumer price index. 

Five measures of local labor market condi- 
tions are derived. The predicted state employ- 
ment growth rate (PJOBGR,) is the difference 
in forecasted values of the natural logarithm of 
a state’s private sector employment in ¢ and ¢ — 
i. The forecasts were obtained from a regres- 
sion of the natural logarithm of employment, 
1968—82, on a quadratic trend. A state’s un- 
employment rate was measured for all private 
sector employees rather than having separate rates 
for males and females. The predicted state un- 
employment rate (PURATE,) measures the an- 
ticipated local unemployment rate. It is obtained 
from a regression of a state’s annual unemploy- 
ment rate, 1968-82, on quadratic trend. The 
change in the share of a state’s employment that 
is in the service sector (ASHRSER,) indicates 
changes in the occupational mix of local labor 
demand. It is defined as the share in £ minus the 
share in tf — 2. Service jobs include employment 
in services, transportation, government, fi- 
nance, and wholesale and retail trade. The de- 
rivation of the relative shocks to labor demand 
in state labor markets (ESHOCK,) is described 
above. In this study, these shocks are unantic- 
ipated by firms and workers. The residual or un- 
anticipated unemployment rates (RURATE,) is 
the actual unemployment rate in ¢ minus the pre- 
dicted unemployment rate for t. 

Geographical differences in the cost of living 
and locational amenities are tied to cost of hous- 
ing-plus-access and climate. The price of land 
is a major part of the cost of housing-plus-ac- 
cess. For households living in rural areas, the 
base price of land is represented by the average 
agricultural land price in 1978 (U.S. Dep. of 
Commerce 1980). In addition, the price of 
housing-plus-access increases as the percentage 
of the population living in urban areas increases 
because the cost of land plus commuting is larger 
in urban areas. When land prices and wage rates 
are positively associated and housing and hus- 
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band’s and wife’s leisure are substitutes, an in- 
crease of PLAND will increase the reservation 
wage. This makes the effect of PLAND on the 
probability of wage work a priori uncertain. 
However, if housing and husband’s and wife’s 
leisure are complements, their reservation wage 
rates will decline. The percentage of the popu- 
lation living in urban areas in 1980 (U.S. Dep. 
of Commerce 1981) is used as a second proxy 
for the cost of housing-plus-access. For loca- 
tional amenities, thirty-year (1950-80) normal 
average January and average July temperatures 
(Weiss, Whittington, and Teigen) were used. 
Kenny and Censlow and Hoch and Drake found 
nonlinear effects of these temperatures on log, 
wage rates ir. earlier studies. 

The profitability of local agriculture is rep- 
resented by .ndexes of agricultural prices and 
agricultural climate. Indexes of crop prices, 
livestock prices, wage for farm labor, and prices 
of other inputs are derived and deflated by the 
consumer prize index. Output price indexes for 
crops and livestock are constructed because the 
average labor intensity is significantly different 
for these output groups (Huffman and Evenson, 
chap. 10). The crop price index is composed of 
prices of twenty-six different commodities or 
commodity groups. The livestock price index is 
composed of seven commodity groups. The ex- 
pected prices ased to derive the Fisher-type out- 
put price indexes are primarily one-year lagged 
prices of the commodities (Huffman and Even- 
son, chap. 10). 

Input prices are split into two groups, farm 
labor and other inputs. The price of farm labor 
is the hourly wage paid to employees working 
for cash wages only. The nonlabor input prices 
include fertilizer, feed, capital, seed, land, and 
miscellaneous inputs. Current prices are used to 
derive Fisher-type price indexes of these inputs 
(Huffman and Evenson, chap. 10). Both output 
and input price indexes are deflated by the con- 
sumer price index. 

Normal anaual precipitation and normal 
growing-degree-days are important climatic 
variables for agricultural production. Normal 
annual rainfall is a twenty-five-year average of 
annual precipitation (Weiss, Whittington, and 
Teigen). Natural precipitation is the primary 
source of water for much of U.S. agriculture. 
However, in lcw precipitation areas, irrigation 
is a costly subs-itute. Accumulated growing de- 
gree days, GD, is a measure of accumulated 
heat units from a temperature range that is par- 
ticularly favoratle to corn production (U.S. Dep. 
Agriculture and U.S. Dep. Commerce; U.S. Dep. 
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Commerce 1971, 1981). Corn is grown in al- 
most every state, but more generally the index 
is highly correlated with good growing condi- 
tions for warm-season crops. 

Household asset income reflects earnings from 
interest, dividends, and rental property deflated 
by the consumer price index. Thus, all income- 
and work-conditioned transfers are excluded. 


The Econometric Model 


The econometric model consists of two labor 
demand equations and two wage-participation 
equations. The empirical specification of the la- 
bor demand equations is similar for married males 
and females: 


(9) 
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amenities proxy relatively well the sources of 
geographical wage differentials, then the re- 
gional dummy variables will not make a statis- 
tically significant contribution to real wage rates. 
When women spend more time out of the labor 
force and are more geographically immobile than 
men, women’s wage rates likely will be less re- 
sponsive to their measured human capital and to 
local economic conditions (Mincer). The coef- 
ficients of variables in the female wage equation 
then will be smaller than in the male equation. 

Sample selectivity and autocorrelation are po- 
tential problems in the wage equation. If a sam- 
ple selection variable was not included in equa- 
tion (9), the disturbance term of the wage 
equation would have a nonzero mean because 
the equation is fitted to a nonrandom subset of 


In WAGE! = a} + at, EXP; + a} EXP? + a} ED; + a RACE; + a} PIOBGR; 


+ aPURATE; + af ASHRSER, + ahESHOCK; + æj RURATE; 
+ ai jin PLAND; + al, URBAN, + a3JAN, + oj4JAN? + ań; JULY; 
+ ań JULY? + al,NC; + ala SOUTH; + ań WEST; + orig TIME; + a},,r 


+e, i=1,...,n,j = M,F. 


The natural logarithm of an individual’s real wage 
is expressed as a function of his (her) own human 
characteristics—experience, experience squared, 
education, race—-and job/local conditions that 
are potential sources of geographical wage dif- 
ferentials. The last group of variables includes 
sets of variables for local labor market condi- 
tions, cost of living and locational amenities, and 
regional dummy variables. A time trend and 
sample selectivity variables (Aj) are also in- 
cluded in each equation. 

Equation (9) is quadratic in experience and in 
January and July temperatures but not in other 
variables. This choice was largely based on evi- 
dence reported in other studies (e.g., Adams, 
Topel, Kenny and Denslow) and preliminary fits 
of the wage equations. Experience is defined as 
an individuals’ age minus years of schooling 
completed minus 6. This measure of experience 
is a reasonable proxy for useful work experience 
of males but less so for females engaged in 
household activities. It is less endogenous to 
current labor market decisions than actual ex- 
perience (Heckman and MaCurdy). When a 
sample selection variable is included in the wage 
equation, sample selection bias is unlikely to be 
associated with the use of a work experience 
variable (Mroz). | 

The regional dummy variables may contain 
redundant information about labor demand. If 
the set of variables representing local labor mar- 
ket conditions and cost of living and locational 


the total population (Heckman). This is a po- 
tential source of statistical bias in estimated 
coefficients. With a selection variable included, 
the disturbance has a zero mean and a normal 
distribution. | 

The data files consist of two adjacent-year cross 
sections (1978—79, 1981-82) that are separated 
by one year. Some autocorrelation might be ex- 
pected in adjacent year observations on the same 
individual, but observations that are one or more 
years apart are less likely to be correlated. This 
short, disjointed time series, where the com- 
position of the sample changes over time, is not 
conducive to correction for autocorrelation. 
Failure to correct for autocorrelation when it is 
present results in some loss of estimation effi- 
ciency, but the least-squares estimator is un- 
biased or consistent (Johnston). Contempora- 
neous correlation of disturbances in the two wage 
equations might occur. However, because the 
observations in the wage equations of the mar- 
ried males and females are not equal, the two 
wage equations of the married males and fe- 
males are not equal, the two wage equations 
cannot be estimated jointly in the seemingly 
unrelated regression model. Ignoring contem- 
poraneous cross-equation correlation of distur- 
bances results in some loss of estimation effi- 
ciency (Johnston). 

The empirical specification of the probability: 
of the jth married individual in the ith farm 
household participating in wage work is 
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Pr(Dj = 1) = FIR) + BLAGEM, + BSAGEM; + BEDM, + BSEDF; + BRACE, : 
+ B4KIDS06; + B,KIDS618, + B4ln ASSETING; + Bi,>PJOBGR, + Bi ,PURATE, 
+ B\,ASHRSER, + B3;ESHOCK;, + Bi,RURATE, + BislnPLAND, + B/.URBAN; 
+ BIJAN; + BiglAN; + BioJULY, + Bh. JULY; + Bi,nPCROP, 
+ BL InPLIVE, + Bi,lInFARMWAGE; + Bi,1InPOTINP, + Bi;GDD, + Bi,RAIN; 
+ B4,RAIN; @GDD; + BNC; + BigSOUTH; + Blo WEST, + B4,TIME]j = M,F, 


where F( )is the normal distribution function. 
The participation equations for rural nonfarm 
household members are similar, except that prices 
of agricultural outputs and inputs, annual pre- 
cipitation, and the length of growing season are 
excluded. This probability is a function of a set 
of variables representing an individual’s own 
characteristics, spouse characteristics, house- 
hold characteristics, and local conditions. A time 
trend is also included. | 

Equation (10) is a reduced-form specification, 
including only variables in the labor supply or 
labor demand functions (Huffman and Lange). 
The husband’s age (and age squared) controls 
for nonlinear life-cycle and work-experience ef- 
fects when education is held constant. Age and 
experience are highly correlated, so experience 
is not included as a separate variable. Because 
husband’s and wife’s ages are also highly cor- 
related, only the husband’s age is used for ex- 
plaining both the husband’s and wife’s proba- 
bility of wage work. 

Given that participation decisions of a hus- 
band and wife in farm and nonfarm households 
are assumed to be joint within a household-op- 
timizing framework, the probability of a mar- 
ried individual participating in wage work is af- 
fected by some of their spouse’s characteristics. 
Also, these decisions are affected by random or 
unmeasured shocks to labor supply (reservation 
wage) and labor demand. These shocks likely 
are across spouses (Huffman and Lange). Thus, 
the estimation procedure for equation (10) is bi- 
variate probit. If a husband and wife are af- 
fected similarly by a given shock, the correla- 
tion between these disturbances will be positive, 
and vice versa. 


The Results 


Results from testing hypotheses about the ef- 
fects of local economic conditions and other 


5 Although the number of children at home and the amount of 
household asset income is endogenous in a lifetime planning ho- 
rizon, Mroz found that these variables were not endogenous in his 
tests. They are exogenous in our study. 


variables on labor demand for rural nonfarm 
married males and females and on the proba- 
bility of wage labor participation of married males 
and females in farm and rural nonfarm house- 
holds are reported in this section. 


Labor Demand 


Labor demand equations are fitted to the data 
for 24,571 married rural nonfarm males and 
17,508 married rural nonfarm females. These 
equations (9) are fitted by least squares with an 
instrumental variable included to control for 
sample selectivity. Conclusions reached about 
labor demand for married rural nonfarm males 
and females likely are applicable to married farm 
males and females. 

Estimates of four labor demand functions are 
reported in table 4; two for males and two for 
females. The second equation excludes the re- 
gional dummy variables. A test of the null hy- 
pothesis that the coefficients of the three re- 
gional dummy variables are jointly equal to zero 
is rejected for males but not for females. The 
sample value of the F-statistic is 5.08 for males 
and 1.90 for females, and the critical value of 
the F-statistic with 3 and infinite degrees of 
freedom is 3.79 at the 1% significance level. 
Thus, for males the eleven variables represent- 
ing local labor market conditions, cost of living 
differences, and location amenities do not cap- 
ture all of the geographical differences in wage 
rates. Furthermore, the long history of wages 
being lower in the South in no longer supported. 
Male wages are higher in the South than in other 
regions, and female wages are not lower. 

In the wage equations, all of the coefficients 
of the human characteristics have expected signs 
and are significantly different from zero at the 
1% level. An increase of an individual’s expe- 
rience has first a positive but diminishing mar- 
ginal effect on the real wage. The maximum ef- 


fect occurs at 36.9 years for males and 31.5 years 


for females. This pattern has been reported in 
many studies. However, the log, wage-experi- 
ence relationship is more convex for males than 
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Table 4. Labor Demand Equations: Rural Nonfarm Married Males and Females, 1978-79, 
1981-82 | 





Note: The r-ratios are conditioned on the sample selection variables. 


In Wage 
l Males Females 
Variables (1) (2) (3) (4) 
Human capital 
EXP (AGE-ED-6) 031 031 .017 017 
(20.04) (19.95) (12.88) (12.93) 
EXP? /100 — 042 —.041 — .027 = 027 
(10.30) (10.20) (9.35) (9.38) 
ED .055 .055 .071 071 
(40.21) (40.12) (30.12) (30.19) 
RACE — 204 — .203 — .065 — .064 
(13.72) (13.69) (3.48) (3.43) 
Labor market conditions 
PJOBGR O16 .024 .009 O11 
(2.68) (4.89) (1.19) (1.73) 
PURATE 012 O11 .004 .003 
(4.21) (4.13) (1.16) (0.76) 
ASHRSER .005 .005 -002 .002 
(1.91) (1.97) (0.72) (0.67) 
ESHOCK .005 .004 .005 .004 
. (1.79) (1.45) (1.31) (1.07) 
RURATE — ,006 — 004 —.011 ©  —,010 
(1.15) (0.74) (1.68) (1.51) 
Cost of living and locational amenities 
ln PLAND -073 .060 .053 .056 
(5.46) (5.47) (3.02) (3.87) 
URBAN 255 180 > O11 .012 
(5.77) (5.33) (0.20) (0.26) 
JAN 003 - 008 — .002 .002 
(1.15) (3.96) (0.55) (0.74) 
JAN*/100 — .001 —.014 .002 ~ 001 
(3.91) (5.29) (0.57) (0.32) 
JULY — 087 — .059 197 .166 
(1.43) (1.25) (2.41) (2.59) 
JULY? /100 .057 .036 —.136 = 2114 
(1.41) (1.14) . (2.49) (2.77) 
Regional dummies and trend 
NC —.023 —.038 
(1.37) (1.67) 
SOUTH .057 —.015 
l (2.65) (0.51) 
WEST .064 — .002 
(2.09) (0.05) 
TIME — .026 — 027 —.012 —.013 
: (6.29) (6.42) (2,22) (2.27) 
A 279 -286 — .020 = 02) 
(8.53) (5.68) (0.79) (0.82) 
Intercept 3.175 2.260 ~—7.625 ~6.404 
(1.41) (1.27) (2.50) (2.66) 
R? .1619 .1614 .0781 .0780 
N 24,571 24,571 17,508 17,508 
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for females. This result is consistent with mar- 
ried females having on average less actual labor 
market experience for any given measured ex- 
perience than for married males (Mincer and 
Ofek). Males may also make larger investments 
in experience during their early work-life than 
females. 

A one-year increase in schooling causes a 
larger percentage increase of the female than the 
male wage, 7.1% versus 5.5%. These relative 
magnitudes are consistent with some results re- 
ported in other studies, e.g., Topel for males 
and Gerner and Zick for females. Although the 
average wage for married rural nonfarm work- 
ing females in the CPS sample is 57.8% of the 
wage for males, the marginal increase of the real 
wage is larger for males than for females ($.16 
versus $.12 per hour). 

Nonwhite rural nonfarm males earn 20% less 
than rural nonfarm white males, other measured 
variables equal, and nonwhite females earn 6.5% 
less than white females. Topel found an 18% 
difference in wages of white and nonwhite males 
for 1976-79. Other studies have also shown large 
gaps in the wages of white and black males on 
average but little or no gap in white and black 
womens’ wage ratios (e.g., Hammermesh and 
Rees). 

All of the signs of coefficients on variables 
representing local labor market conditions are 
positive, except for the unanticipated unem- 
ployment rate, in both the male and female wage 
equations. They are all consistent with hy- 
potheses developed earlier. Most coefficients in 
the male wage equation are significantly differ- 
ent from zero at the 5% level. For females, the 
effects of the local labor market variables are 
smaller for anticipated variables than for males 
but are as large or larger for unanticipated vari- 
ables. Except for the unanticipated unemploy- 
ment rate, the local labor market variables are 
statistically weaker in the female than in the male 
wage equations. 

The real wage rates of married males incor- 
porate compensation for local market conditions 
that can be anticipated by employers and work- 
ers. The evidence, however, is weaker for fe- 
males. This outcome is expected when married 
females spend a smaller share of their time in 
the labor force and are tied to their husband’s 
locational choice (Mincer). For married males, 
wage rates are higher in localities with higher 
expected rates of employment growth and higher 
expected unemployment rates. 

The wage premium in localities having higher 
expected growth of labor demand compensates 
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males for the costs of geographical (and possi- 
bly occupational) mobility. Topel found a sim- 
ilar effect. Our results show that a 1% increase 
of the expected growth rate of local employment 
increases the male real wage by 1.5% to 2.5%. 
For females, the marginal effect is about 1%. 
These results imply that married rural males and 
females in the upper Midwest experienced sig- 
nificant reductions in real wage rates during the 
early 1980s when employment growth rates fell 
far below (about 2 percentage points) the na- 
tional average (see table 1). 

Localities with higher anticipated unemploy- 
ment rates also pay higher rural wage rates for 
males. This result is similar to the findings of 
Abowd and Ashenfelter, of Adams, and of To- 
pel. Localities (firms) with higher expected un- 
employment rates pay a premium to compensate 
male workers for bearing this risk; the evidence 
is much weaker for females. Again, this finding 
is consistent with greater immobility of married 
females than males. These results imply the wage 
premium associated with higher anticipated un- 
employment rates is large enough for males to 
keep expected real wage rates approximately 
unaffected. | 

An increase locally of the share of service jobs 
increases the real wage. The effect is signifi- 
cantly different from zero at the 5% level for 
males but not for females. Although service jobs 
span a wide range of skills from motel and res- 
taurant staff to investment bankers, compensa- 
tion is needed to create the incentives for males 
to invest in skills and change occupations. 

Real wage rates respond to unanticipated 
changes in local labor market conditions in a way 
that is consistent with employers and employees 
sharing good and bad outcomes. Topel found 
similar effects for wage rates of nonfarm males. 
The coefficients of ESHOCK are significantly 
different from zero at the 7% level [table 4, 
equation (1)] in the male wage equation and 
at the 20% level in the females’ wage equa- 
tion. The coefficient of RURATE is significantly 
different from zero at the 10% level in the fe- 
male wage equation but only at the 25% level 
in the male wage equation. Other studies have 
not considered the effect of unanticipated 
unemployment on the female wage. Heck- 
man and MaCurdy found a negative effect of 
the current local unemployment rate on the fe- 
male wage. However, Adams found a signifi- 
cant positive effect of unanticipated unemploy- 
ment rate on the male wage. Thus, our results 
differ slightly from other studies for the effects 
of unanticipated unemployment on the female 
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real wage.® This result is reasonable if married 
males on average have significantly larger in- 
vestment in firm-specific human capital than 
married females. Workers having firm-specific 
human capital are less likely to be laid off 
(Becker). 

Wage rates of males and females differ be- 
cause of local differences in cost of living and 
locational amenities. Under the null hypothesis 
that the six coefficients of these variables are 
jointly equal to zero, the sample value of the F- 
statistic is 19.8 for males and 8.9 for females. 
The critical value of the F-statistic with 6 and 
infinite degrees of freedom at the 1% signifi- 
cance level is 2.1. Thus, the null hypothesis of 
no effect is rejected. | 

Cost of living differences matter. A larger land 
price increases significantly the wage rates of 
males and females. The elasticities are .060—.073 
for males and .053--.056 for females. These 
magnitudes fall in the range predicted by Kenny 
and Denslow for wage adjustments to compen- 
date for home-site cost differences when hous- 
ing costs are 15% of consumption expenditures 
and the price of the home site accounts for 21% 
of the value of a home, including site. An in- 
crease of the urban share of the population in- 
creases significantly the wage rate of males. 
However, URBAN does not statistically signif- 
icantly affect female wages. 

Climate is a proxy for locational amenities, 
and the effects of JAN and JULY on wage rates 
are conditioned by whether the regional dummy 
variables are included. Because JAN and JULY 
are correlated with the regional dummy vari- 
ables, the best measure of winter and summer 
temperatures on wage rates is obtained when the 
regional dummy variables are excluded. The ef- 
fect of JAN on log, male wage is quadratic and 
statistically significant. In the female wage 
equation, JAN and JAN’ do not have statistically 
significant effects. The effects of JULY on log, 
wage are quadratic and statistically significant 
for males and females. For males, an increase 
of JULY first causes a reduction of the wage but 
at a decreasing rate until it reaches the low point 
at 82°F which is the maximum observed value. 
This type of relationship was also found by Hoch 
and Drake. For females, the quadratic effect goes 
in the opposite direction. The peak occurs at 72°F 


é The null hypothesis that the 5 coefficients of the local labor 
market variables in the labor demand equation for females are jointly 
equal to zero cannot be rejected at the 1% significance level. For 
equation (3), table 4, the sample value of the F-statistic is 1.14, 
and the critical value for 5 and infinite degrees of freedom is 3.02 
at the 1% significance level. 
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which is near the bottom of the observed values 
and corresponds to average July temperatures in 
Pennsylvania and South Dakota. Thus, for most 
of the observed values of JULY, an increase of 
JULY reduces the wage rates of males. and fe- 
males. 


Participation in Wage Work 


The bivariate probit estimates of the equations 
explaining the probability of wage work for farm 
and rural nonfarm couples are reported in table 
5. The equations were fitted to 32,662 obser- 
vations on rural nonfarm households and 5,865 
observations on farm households. Marginal ef- 
fects of the regressors on the probability of wage 
work are evaluated at the sample mean and re- 
ported in table 6. 

The first two columns of table 5 present re- 
sults for rural nonfarm couples; the last two 
columns are for farm couples. The estimated 
cross-equation correlation coefficient of the dis- 
turbances in the participation equations is pos- 
itive—0.26 for farm couples and 0.19 for rural 
nonfarm couples—-and significantly different 
from zero at the 1% level. These results imply: 
(a) that the random disturbances in married male 
and female wage-work participation decisions 
are affected in the same direction by random 
shocks (or unmeasured effects), and (b) that the 
wage-work participation decisions of married 
males and females are not statistically indepen- 
dent. 

For farm and nonfarm males and rural non- 
farm females, the life-cycle effect on probability 
of wage work is quadratic. At young ages, a 
higher age increases the probability of wage 
work. The maximum effect occurs at age 26.2 
and 33.2 for farm and rural nonfarm males, re- 
spectively, and at age 20.8 for nonfarm fe- 
males. At older ages, the probability of wage 
work decreases as age increases. For farm fe- 
males, the probability of wage work is largest 
at a young age and may be dominated by cohort 
effects. Labor force participation rates of mar- 
ried women in younger cohorts are significantly 
higher than in older cohorts (Killingsworth and 
Heckman). 

A husband or wife who has more schooling 
has a higher probability of wage work. Addi- 
tional schooling raises an individual’s market 
wage by more than it raises his/her reservation 
wage. For nonfarm females these results for fe- 
males are similar to those of Heckman and of 
Nakamura and Nakamura. For farm males, the 


666 August 199] Amer. J. Agr. Econ. 


Table 5. Bivariate Probit Estimates of Wage Labor Participation Equation for U.S. Farm 
and Rural Nonfarm Married Couples, 1978-79, 1981-87 





Wage Work 
Rural Nonfarm Farm l 
Variables Husband Wi Husband . Wife 
Individual /household 
AGEM .105 27 .033 .003 
(26.82) (7.52) (3.78) (0.30) 
AGEM” /100 —.158 —.C58 — 063 —.036 
(41.07) (19.6) (7.28) (3.83) 
EDM .044 — .016 .010 —.010 
(11.70) (5.43) (1.31) (1.38) 
EDF .007 -035 — 029 l .079 
(1.71) (25.75) (3.31) (9.05) 
RACE .117 -333 .350 .403 
(3.55) (11.29) (3.23) (3.75) 
KIDS06 —.026 —.497 — 028 —,386 
— (1.31) (35.53) (0.87) (11.41) 
KIDS618 —.008 — .084 — 037 =~ 072 
(0.83) (10.99) (2.23) (4.33) 
In ASSETINC —.338 —.829 —.347 —.542 
(4.26) (10.57) (2.68) (4.08) 
Local labor market conditions 
PJOBGR .041 052 .075 .036 
(2.87) (4.50) (3.31) (1.60) 
PURATE —.017 — .024 .050 .008 
(2.55) (4.25) (2.25) (0.37) 
ASHRSER — .001 .003 — .020 —.007 
(0.21) (9.551 (1.23) (0.40) 
ESHOCK .005 — .004 — O14 —.017 
(0.71) (0.16: (0.91) (1.12) 
RURATE —.013 — 012 ~ 004 — 032 
(1.07) (1.187 (0.13) (1.03) 
Cost of living and locational amenities 
In PLAND .168 .040 — 066 027 
(5.97) (1.72 (1.03) (0.41) 
URBAN —.078 —.19C ~.188 — .094 
(0.79) (2.47) (0.62) (0.31) 
JAN .007 —.02C .053 .022 
(1.05) (3.99) (4.42) (1.80) 
JAN?” /100 —.032 .O1S — O77 —.010 
(4.35) (3.08) (3.59) (0.45) 
JULY —,115 -498 -081 —.027 
(0.84) (4.55) (0.45) (0.15) 
JULY? /100 .082 =.321 l — 091 .014 
(0.90) (4.38) (0.75) (0.12) 
Agricultural prices and climate 
In PCROP = 201 = ,435 
(1.33) (0.71) 
In PLIVE — 488 ~ .054 
(1.78) (0.19) 
In FARMWAGE .890 —.291 
(3.04) (0.98) 
In POTINP ~ 520 ~ .589 
(0.84) (0.93) 
RAIN .014 .004 
(1.19) (0.30) 
GDD/1,000 . .323 —.014 
(2.82) (0.12) 
RAIN X GDD/1,000 — 038 = 013 
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| Table 5. Continued 





Wage Work 
Rural Nonfarm Farm 
Variables Husband Wife Husband Wife 
Regional dummies and trend 
NC. .069 .004 —.102 — 156 
(1.51) (0.12) (0.74) (1.15) 
SOUTH —~.019 115 .038 —.314 
(0.39) (2.93) (0.24) (2.00) 
WEST .007 — .047 —.287 —.247 
(0.10) (0.80) (1.61) (1.40) 
TIME — 008 018 .00C .007 
l (0.77) (2.09) (0.02) (0.28) 
Intercept 6.702 —11.190 — 030 5.058 
(1.30) (2.70) (0.00) (0.75) 
Cross-equation correlation coeff. . 187 . 262 
(15.32) (12.16) 
Sample size 32,662 . 5,866 


Table 6. Marginal Effects (Percentage Point Changes) on the Probability of Wage Work 


Rural Nonfarm Farm 
Regressors Husband - Wife Husband Wife 
Individual /household 
AGEM l = 42 —~ 36 — 46 —.49 
EDM — Al —.16 AS = oS 
EDF .07 9 —.43 1.16 
RACE i 1.12 3.20 5.16 5.93 
KIDS06 25 —4.77 ~ 4] —5.70 
KIDS618 — .08 — 81 eE —1.06 
In ASSETINC 5.20 —7,96 5l] —7.98 
Labor market conditions 
PJOBGR 40 50 1.10 i353 
PURATE = i7 —.24 T3 12 
ASHRSER —.01 .03 — 30 —.10 
ESHOCK .05 —.01 ~ 20 25 
RURATE 45 ae — 06 —.47 
Cost of living and locational amenities 
In PLAND 1.61 38 — 98 -39 
URBAN e —1.82 SI —1.39 
JAN cate — 07 ll 24 
JULY .10 —9.46 —.81 — .09 
Agricultural prices and climate 
In PCROP —3.70 —1.99 
In PLIVE —7.19 — .80 
In FARMWAGE 13.11 —4.28 
In POTINP —7.67 —8.69 
RAIN Zl 05 
GDD 4.76 = 21 
Regional dummies and trend 
NC l .67 .04 —1.51 —2.30 
SOUTH —,18 a e el 56 —4,63 
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results are similar to those of Sumner and of 
Huffman and Lange. The marginal effect of a 
year of female schooling on the probability of 
wage work is larger than that of male schooling 
(.41 versus .91 for nonfarm males and females 
and .15 versus .16 for farm males and females). 
Thus, a year of schooling seems to increase the 
difference between a wife’s reservation and 
market wage relatively more than for her hus- 
band. This is consistent with results reported by 
Huffman and Lange for a different data set. Also, 
the marginal effect of schooling on the proba- 
bility of wage work for a given gender is larger 
for rural nonfarm than for farm adults. 

Although cross-person effects of education are 
seldom included (e.g., Heckman; Nakamura and 
Nakamura; Heckman and MaCurdy 1980, 1982; 
Sumner), negative and statistically significant 
effects of a farm or rural nonfarm husband’s 
schocling on his wife’s participation and of farm 
wife’s schooling on her husband’s wage work 
participation occur. Huffman and Lange also 
found a similar negative effect of a farm wife’s 
schooling on her husband’s probability of wage 
work. For the rural nonfarm male, additional 
schooling of the wife tends to increase the prob- 
ability of working for a wage. 

Additional children at home under age 18 have 
well-known and statistically significant negative 
effects on the probability of wage work by mar- 
ried females. The largest reduction occurs for 
additional children under age six——about 5% per 
child. For older children, the negative marginal 
effect is larger for farm than for rural nonfarm 
married females. The coefficients of KJDSO6 and 
KIDS618 are negative in both participation 
equations for married males, but they are gen- 
erally weaker statistically. These results imply 
that additional children at home raise the res- 
ervation wage of married women relatively more 
than the reservation wage of married men. 

Although no other study has examined the ef- 
fects of local labor market conditions on the 
probability of wage work, the effects of these 
variables are largely as expected. Anticipated 
variables have statistically stronger effects than 
unanticipated ones. Higher local employment 
growth raises the market wage of males and fe- 
males, and it increases the probability of wage 
work. These effects are significantly different 
from zero at the 5% level, except for farm wives. 
Recall that the labor demand equations showed 
that a 1% rise of the expected unemployment 
rate caused the male wage rate to rise by 1.1% 
to 1.2% but the female wage rate to rise by only 
0.3% to 0.4%. Thus, if households are risk neu- 
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tral, the positive effects of PURATE on the par- 
ticipation of farm and nonfarm males are con- 
sistent. There is no significant effect, however, 
on the probability of participation of farm fe- 
males. A larger ASHRSER does not signifi- 
cantly affect the probability of wage work of 
males or females, although it does increase the 
wage rate of males. The relative employment 
shocks and unanticipated unemployment rate do 
not have statistically significant effects either. 

The positive and statistically different from 
zero effect of PLAND on the probabilities of wage 
work implies that market wage effects are larger 
than reservation wage effects. The effects of 
January and July temperatures on the probability 
of wage work are mixtures of effects through 
the market wage and reservation wage. Statis- 
tically significant effects on participation occur 
for nonfarm females and farm males. For farm 
males, a higher JAN first increases the proba- 
bility of wage work; the peak effect occurs at 
26°F; and then it decreases. 

For farm households, the farm output and in- 
put price indexes have consistent signs, and their 
marginal effects are larger and stronger in the 
husband’s participation equation. A drop of crop 
and livestock output prices increases the prob- 
ability of wage work of husbands and wives. A 
higher farm wage increases the probability of 
off-farm wage work by husbands. Other input 
prices have negative coefficients, but they are 
not significantly different from zero. Agricul- 
tural climatic effects are important for farm males. 
Larger RAIN or GDD has a negative impact on 
labor force participation when these effects are 
evaluated at the sample mean. 

Except for women living in the South, the re- 
gional effects are not significantly different from 
zero. Married women living in the South, how- 
ever, have a lower probability of wage work than 
women in the Northeast. Other things equal, the 
reduction is about 1% for rural nonfarm women 
and 5.5% for farm women. The probability of 
wage work for rural nonfarm women has a pos- 
itive and statistically significant trend. None of 
the other coefficients of TIME is significant. 


Conclusions and Implications 


This study has shown that wage premiums exist 
for localities anticipating labor demand growth, 
higher unemployment rates, larger shares of em- 
ployment in services, and higher costs of living. 
Unanticipated negative disturbances in local la- 
bor markets associated with employment growth 


Tokle and Huffman 


and unemployment reduce wage rates. Male wage 
rates are more responsive to anticipated changes 
in local labor market conditions, and female 
wage rates are more responsive to unanticipated 
changes. The differences by gender for antici- 
. pated effects reflect less time spent by females 
in the labor force. Women’s wage rates bear a 
greater burden of negative unanticipated labor 
market outcomes because they are more geo- 
graphically and occupationally immobile. 

Labor force participation decisions of house- 
holds are also affected by changes in anticipated 
local economic conditions. For farm house- 
holds, the probability of wage work increases 
when expected farm output prices decline and 
decreases when local labor demand grows. Given 
the general trend toward larger farms, the re- 
sults show that existing agriculture is signifi- 
cantly easier for farm households that reside in 
localities where nonfarm employment is ex- 
pected to grow rapidly. These effects, however, 
pull more strongly on males than females. How- 
ever, participation by farm and nonfarm couples 
is unaffected by unanticipated labor market out- 
comes. 

The main policy recommendations are that (a) 
public information be made available to firms 
and households about anticipated changes in all 
local labor markets, (b) regionally targeted sta- 
bilization policies be employed to moderate un- 
anticipated changes in local labor demand, and 
(c) tax credits or other incentives be given to 
workers to hasten their movement from slow 
growing regions and occupations to rapidly 
growing ones. Future research could extend this 
analysis through the late 1980s when national 
economic conditions and local labor fluctuations 
were moderate, and examine the effects of local 
economic conditions on hours of wage work 
through effects on wage rates. 


[Received January 1989; final revision 
received October 1990.] 
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The Impact of Wage Differentials 
on Choosing to Work in Agriculture 


Jeffrey M. Perloff 


Based on a model of industry choice and wage determination, a 1% increase in the 
relative wage in agriculture increases the probability that a nonurban male with no more 
than a ninth-grade education works in agriculture by 3.37% at the sample mean and by 
1.3% when averaged over the entire sample. A 10% increase in wages may increase the 
proportion of those males who choose to work in agriculture by nearly a quarter. 


Key words: agriculture, industry choice, labor supply, sample selection, wages. 


The likelihood of nonagricultural workers join- 
ing the agricultural work force in response to an 
increase in the agricultural wage is estimated in 
this study. Knowing the responsiveness of the 
labor supply to wage differentials is important 
for evaluating many public policies. For ex- 
ample, if the Immigration Reform and Control 
Act of 1986 (IRCA) eventually restricts the sup- 
ply of ineligible immigrant labor in the United 
States, many farmers and legislators fear large 
wage increases, which will lead to significant 
crop losses (at least in the short run) or mass 
noncompliance with the law. How realistic are 
the fears that large wage adjustments will be re- 
quired to equilibrate the hired farm worker labor 
market is assessed in this study. 

The study is based on 1988 data from the U.S. 
Department of Labor, Bureau of Labor Statistics 
Current Population Survey (CPS), which is a 
random sample covering all sectors of the econ- 
omy. The decision to work in the agricultural or 
the nonagricultural sectors and wages in each 
sector, controlling for choice of sector, are si- 
multaneously determined. Then the empirically 
estimated model is used to simulate the increase 
in the share of agricultural workers from a given 
increase in the relative agricultural wage. 

In the first section, the basic modeling meth- 
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odology is developed. The data set is described 
and summary statistics for the key variables are 
presented in the second section. The empirical 
results are discussed in the third section. Sim- 
ulations are used in the next section to show the 
likely response of workers to higher wages in 
the agricultural sector. In the final section, in- 
ferences and conclusions are drawn from the 
analyses. 


Methodology 


A model of industry choice and wages by in- 
dustry is used to examine the effect of relative 
wages and nonwage factors on industry choice. 
The mode] is a variant of those of Lee, Willis 
and Rosen, Nakosteen and Zimmer, and Rob- 
inson and Tomes. In this model, the natural log- 
arithms of the hourly earnings (“wages”) in the 
agricultural (w,) and nonagricultural (w,,) sectors 
are a function of demographic and individual 
characteristics (X, and X,) and unmeasured 
sources of individual differences (€, and e,,), and 
the impact of individual characteristics on wages 
may vary across the sectors: 


(1) Wa = X,B, + Eas and 
(2) 


An individual’s wage in a given sector is ob- 
served only if the individual is working in that 
sector at the time of the CPS interview. 

An individual’s choice of sector may depend 
on nonwage factors as well as the relative wage 
in the two sectors. Agricultural work is more 
physically taxing and dangerous than many other 
types of work. However, many people prefer 


W, = XB, + Eq. 
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working outside in agriculture to an indoor job. 
Let c be the cost or benefit (disutility or utility) 
of working in agriculture relative to working in 
another industry. This (unobserved) variable is 
a function of a worker’s characteristics, Z: 


(3) C= ZEH En 


The worker compares this cost or benefit to 
the relative wage in agriculture. The wage ratio 
(R) between agricultural and nonagricultural 
sectors is approximated by the difference in the 
natural logarithms of these wages: 


(4) 


The difference in the logs is a close approxi- 
mation of the ratio for small differences. Alter- 
natively, one can define R as the log wage dif- 
ference so that equation (4) holds exactly. 

The worker chooses to work in agriculture 
(industry choice, i, equals 1) only if the total 
benefit to working in agriculture, R — c, is pos- 
itive: 


(5) 


R = Wa T Wye 


i=1 ifR-— c> o0, and 
i=0 ifR-c=0. 


If i = 1, then the observed wage is w,, other- 
wise, the observed wage is w, 

The disturbance terms (£a, &€,, and €.) in equa- 
tions (1), (2), and (3) are assumed jointly nor- 
mally distributed. As a result, a probit estima- 
tion technique can be used to estimate the choice 
of industry equation (5). Substituting for R in 
equation (5) using equations (4), (1), and (2) 
and for c using (3), we obtain a reduced-form 
industry choice equation, 


(6) i=1ifX’B, —X'B,—Z'S— s, > 0, and 
i= Oif XB, — XB, — Z'8 — e, <0, 


which can be estimated using probit with the ex- 
ogenous variables (X,, X,, and Z) in equations 
(1), (2), and (3) on the right-hand side. Con- 
ditional on industry choice, as determined by 
equation (6), the hourly earnings equations (1) 
and (2) can be estimated using Heckman’s tech- 
nique to compensate for sample selection bias. 
If equations (1) and (2) were estimated using 
ordinary least squares techniques, the estimates 
would be biased because workers are not ran- 
domly assigned to the agricultural and nonagri- 
cultural sectors. That is, the unobserved indi- 
vidual difference or disturbance terms (e€, and 
E€) would not be normally distributed if we ex- 
amine data for only those workers observed in 
each sector. 
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Based on the consistently estimated wage 
equations, (1) and (2), the estimated wage dif- 
ferential is R = XB, — X,8,. That is, although 
we observe a worker’s wage in one sector only, 
these equations can be used to determine the rel- 
ative wage. Substituting this estimated value for 
R in equation (5), the structural probit for in- 
dustry choice can then be estimated. 

The key exogenous variables represent re- 
gions and demographic characteristics. Because 
agricultural and nonagricultural wages differ 
geographically (reflecting differences in labor 
demand and supply and the type of work), re- 
gional dummies are included in X, and X,,. Years 
of schooling and years of experience are also 
hypothesized to influence wages and are in- 
cluded in X, and X,. Wages and the costs of 
working in agriculture may be affected by work- 
ers’ racial and ethnic characteristics because of 
the discrimination or because they reflect lan- 
guage skills and legal status. They may, for 
similar reasons, also affect the costs of working 
in agriculture; hence they are included in X,, Xn, 
and Z. 

Also included is a dummy variable for “mar- 
ried, living with spouse,” which has an ambig- 
uous effect because married couples make joint 
employment and housing decisions. Given the 
relatively high variance in agricultural wage, one 
may be more willing to work in agriculture if 
one’s spouse has a steady income; however, off- 
setting that effect, to the degree that migration 
is required in agricultural jobs, living with a 
spouse may be difficult. Similarly, having chil- 
dren may make migratory living relatively un- 
attractive: however, whole families may work 
together in agriculture. Thus, marital status and 
children are included in Z, but their effects are 
also uncertain. 

The reduced-form probit and the wage equa- 
tions can be estimated without any further re- 
Sstrictions. The identifying restrictions that allow 
us to estimate the structural probit equation are 
that education and experience variables affect 
wages but do not affect the choice of sector ex- 
cept indirectly through their effects on the wage 
differential. Thus, in the structural probit, only 
other demographic characteristics and the wage 
differential are included. It is hard to justify why 
a year or two more of primary education would 
affect one’s utility from working in agriculture 
rather than nonagriculture except indirectly 
through its effect on relative wages. It is simi- 
larly difficult to see why experience would af- 
fect utility directly; however, a case might be 
made that age (the experience variable is a lin- 
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ear function of age) affects utility differently in 
the two sectors. Not using the experience vari- 
ables as identifying restrictions, however, has 
only a minor quantitative (and not a qualitative) 
effect on the results reported below. 


The Data 


Data used in this study are from the CPS for the 
1988 calendar year, which is a random sample 
of individuals by housing units throughout the 
United States conducted monthly over the year.’ 
Because selection is based on location, agricul- 
tural workers, nonagricultural workers, the un- 
employed, and documented and undocumented 
immigrants are surveyed. 

The inhabitants of any given housing unit are 
asked questions about economic issues at two 
times, separated by a four-month interval. To 
prevent double-counting some workers (people 
initially interviewed in the first eight months of 
the year have a second interview in the same 
calendar year), only the first of these interviews 
is used. Only individuals at least sixteen years 
old, with no missing variables, who usually work 
at least fifteen hours per week (i.e., the em- 
ployed), and earned at least $2 an hour (to elim- 
inate observations with implausible hourly earn- 
ings) were included. 


Sample Restrictions 


In the following analysis, the sample is re- 
stricted to only a subset of males who are rel- 
atively likely to consider agricultural employ- 
ment: workers with no more than a ninth-grade 
education who live outside of major cities. Be- 
cause less than 2% of all CPS workers are in 


! Some critics argue that the BLS undersamples migrant and il- 
legal agricultural workers. Although this complaint may be valid, 
the CPS data set is used for four reasons. First, the CPS is the only 
random sample that includes both agricultural and nonagricultural 
workers in sufficient quantities to conduct a study of individual 
supply responses to wage differentials. Second, the included vari- 
able “Mexican” (as opposed to Mexican American, Chicano, or 
other Hispanic or non-Hispanic workers) is a proxy for legal status. 
This proxy is imperfect, however, because some of these Mexican 
workers may have legal status and others may misreport whether 
they are Mexicans. Third, if IRCA or other programs prevent un- 
documented aliens from working in agriculture, one would be pri- 
marily interested in the determinants of industry choices of workers 
with legal status. Fourth, the empirical study reported below was 
also estimated using only non-Hispanic workers, and the qualitative 
results for all equations and the quantitative results for the wage 
equations are virtually the same as those reported below. Thus, it 
seems unlikely that including more workers without legal status in 
the sample or including a variable for legal status would greatly 
change the results. 
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agriculture, the industry choice equation for the 
entire sample involves the tail of the sector-choice 
equation’s error distribution; so the results are 
more sensitive to the choice of the error distri- 
bution (e.g., normal versus logistic) than if the 
mean were closer to the center of the distribu- 
tion as reported below. Estimating a probit for 
all workers indicates that the only important de- 
terminant of agricultural employment is gender, 
and the estimated equation predicts (with nearly 
99% accuracy) that everyone works in nonagri- 
culture. The wage equations are not substan- 
tially different, however, if a larger sample is 
used. 

Education was restricted because it would be 
a nonproductive exercise to calculate the wage 
differential necessary to induce a brain surgeon 
or other skilled worker to start working as an 
agricultural field hand. Although there are some 
hired farm workers who are highly educated 
(about one in 20 are college educated), the ma- 
jority of agricultural workers have less than a 
high school education. The average number of 
years of education of seasonal agricultural 
workers is ten according to the CPS and seven 
according to the Department of Labor’s Na- 
tional Agricultural Workers Survey for the same 
time period. The results reported below are not 
sensitive to the arbitrary ninth-grade cutoff. 
Similar qualitative results are obtained for 
thresholds at eighth grade, tenth grade, eleventh 
grade, and the twelfth grade (short of a di- 
ploma).” 

Similarly, it is unlikely that workers in the 
middle of Manhattan are likely to switch to farm 
work with any plausible agricultural wage in- 
crease; so, because we are concerned with the 
short-run effect of a wage differential on choice 
of working in agriculture, the sample has been 
further restricted to those hired workers who live 
outside of major metropolitan areas with more 
than 100,000 people (“nonurban” areas). Al- 
though some agricultural workers with limited 
education live in cities, especially in California 
(e.g., Fresno), over two-thirds do not. Of work- 
ers with nine years or less of schooling, only 
one in ten works in agriculture of all workers 
compared to one in five of our nonurban sam- 
ple. 


? It is unlikely that restricting our sample to relatively uneducated 
workers creates a sample selection bias for two reasons. First, in 
the short run, education must be viewed as a predetermined vari- 
able, and selecting on a predetermined variable does not cause a 
sample selection bias. Second, a Heckman sample selection test 
(based on a sample of all workers} does not indicate a sample- 
selection bias. 
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Females were dropped because there are not 
enough women in the sample to estimate an ag- 
ricultural wage equation for females. There are 
only 396 females with 12 in agriculture (and more 
than 12 variables in the wage equations) in the 
sample. The effects of also including city dwell- 
ers and females are briefly discussed below.. 


Means and Standard Deviations 


Presented in table 1 are the means and standard 
deviations (for continuous variables) of several 
key variables for our sample of 931 men, of 
whom 19.4% identified themselves as hired ag- 
ricultural workers (including managers and fore- 
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men). The table also shows that more than a 
quarter (26.2%) of those in the sample live in 
the South Atlantic region, whereas only slightly 
more than a fifth (21.0%) of the agricultural 
workers live in that region. Similarly, where only 
7.7% of the sampled live in the West (Pacific 
region), over a quarter (27.5%) of the agricul- 
tural workers live there. Moreover, only 5.7% 
of those in the total sample, but 27.1% of the 
agricultural workers, live in California. 
Relatively more blacks and other nonwhites 
are in the agricultural subsample than in the 
overall sample. Agricultural workers are less 
likely to be married and living with their spouses 
than nonagricultural workers (52.5% vs. 77.9%), 
perhaps reflecting the migratory nature of many 


Table 1. Means and Standard Deviations 
Non- 
Number of Observations All Agriculture Agriculture 
Variable 931 181 750 
Binary (0-1) Variables (%) 
Region 
New England (CT, MA, ME, NH, RI, VT) 8.8 2.8 10.3 
Mid-Atlantic (NJ, NY, PA) 4.4 0.6 5.3 
East North Central (IL, IN, MI, OH, WD T 3.3 8.8 
West North Central (1A, KS, MN, MO, ND, NE, SD) 10.2 14.4 9.2 
South Aclantic (DC, DE, FL, GA, MD, NC, SC, VA, WV) 26.2 21.0 215 
East South Central (AL, KY, MI, TN) 13.2 12 14.7 
West South Central (AR, LA, OK, TX) 12.6 12.7 12.5 
Mountain (AZ, CO, ID, MT, NM, NV, UT, WY) 9.2 10.5 8.9 
Pacific (AK, CA, HI, OR, WA) 7.7 27.5 2.8 
States 
California 5:7 2A 0.5 
Texas 6.2 8.3 5.7 
Florida 331 3.9 3.6 
Demographic characteristics 
Black 13.1 14.4 12.8 
Other nonwhites 2.1 127 2.3 
Mexican (ethnicity) 13.2 43.1 6.0 
Mexican-American (ethnicity) 4.9 ot | 4.3 
Other Hispanics (ethnicity) 1.4 22 12 
Married, living together 72.9 52.5 77.9 
Job characteristics 
Union member 14.7 1.7 17.9 
Paid by the hour 75.8 64.6 78.5 
Agricultural manager or foreman 1.1 5.5 0.0 
Agriculture (hired farm workers) 19.4 100.0 0.0 
Continuous Variables [mean (s.d.)} 
Number of children 7 1.07 6 
(1.2) (1.5) (1.1) 
Years of schooling 7.5 6.6 7.7 
(2.1) (2.2) (2.0) 
Years of experience 34.3 29.3 35.6 
(13.9) (16.9) (12.8) 
Earnings per hour (“wage”) T13 4.80 7.69 
(3.7) (2.2) (3.7) 
Usual weekly hours 40.5 42.3 40.1 
(8.6) (10.8) (7.9) 
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agricultural jobs and the relative youth of agri- 
cultural workers. 

Nonagricultural workers are, on average, seven 
years older than agricultural workers. Because 
the average level of education in the United States 
has risen over time, non-Hispanics with rela- 
tively little formal education tend to be older than 
the rest of the population. The average age of 
workers in agriculture is forty-two; the average 
age of non-Hispanics is forty-nine (and the me- 
dian is 50), however, the average age of His- 
panics is only thirty-five (and the median is 32). 

Although 17.9% of the nonagricultural work- 
ers are union members, only 1.7% of the agri- 
cultural workers are union members (all of whom 
are in California). In this sample, agricultural 
workers average one fewer year of school than 
nonagricultural workers. Agricultural workers 
also have six years less work experience (cal- 
culated as age minus 6 minus years of formal 
school), 

Many agricultural workers receive piece-rate 
payments (35% receive only piece rate com- 
pared to 11% of nonagricultural workers). In this 
study, hourly earnings are calculated by divid- 
ing the reported weekly earnings by the reported 
usual weekly hours. For workers who receive 
time rate pay, this calculated hourly earnings 
number is usually identical or very close to the 
reported wage. The average hourly earnings of 
agricultural workers ($4.80) is only 62% of those 
of nonagricultural workers ($7.69). They work, 
on average, 2.2 more hours a week, however, 
so that the average weekly earnings of agricul- 
tural workers are 66% of that of nongricultural 
workers ($203 versus $308). 


The Empirical Results 


The first step of the analysis is to estimate a re- 
duced-form probit equation describing how choice 
of industry depends on exogenous geographic 
and demographic variables. Then, conditional 
on industry choice, wage (hourly earnings) 
equations are estimated for each sector. Finally, 
a structural probit equation is estimated. 


Reduced-Form Probit Equation 


The reduced-form probit (working in agriculture 
= ] and working in nonagriculture = 0) coef- 
ficient and asymptotic standard error estimates 
are shown in the second and third columns of 
table 2. Because it is a reduced-form equation, 
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the coefficients reflect both wage differential and 
cost factors as described above. 

Compared to the West, living in the West 
North Central region makes one more likely to 
be in agriculture (all else the same). Similarly, 
Californians in the sample are much more likely 
to work in agriculture than others in the West. 

An extra year of experience makes a worker 
more likely to work in agriculture if the indi- 
vidual has at least thirty-two years of experience 
(and less likely otherwise). In contrast, one more 
year of formal schooling makes one less likely 
to work in agriculture if one has had at least five 
years of schooling. Married men living with their 
spouses are less likely to be agricultural work- 
ers; however, the more children one has, the more 
likely one works in agriculture. 

Workers who report their ethnicity as Mexi- 
can (as opposed to Mexican-American, Chi- 
cano, or other non-Mexican Hispanic or non- 
Hispanics) are much more likely to work in 
agriculture than other groups. Workers who re- 
port that they are non-Mexican Hispanics (in- 
cluding Mexican-Americans) are also more likely 
to work in agriculture than other groups but not 
as likely as the Mexicans. 

The equation correctly predicts 87.3% of the 
observations. The various standard probit R? 
measures (Maddala, Hensher and Johnson, 
Chow) range from 0.29 to 0.46.* A log-likeli- 
hood test strongly rejects the hypothesis that only 
the constant term matters. 


Wage Equations 


The wage equations (the regression of the nat- 
ural logarithm of hourly earnings on demo- 
graphic and geographic variables) in table 3 were 
estimated using Heckman’s two-stage technique 
to control for nonrandom industry choice. The 
correlation between the disturbance in the 
regression and the selection criteria is very high 
(nearly one), and the estimates of the correlation 
are virtually the same for the two equations. On 
the basis of a Heckman t-test on the selectivity 
parameter, we can reject the hypothesis that or- 
dinary least squares estimates have no sample 
selectivity bias in both the wage equations. 
The equations show a different relationship in 
the two sectors with respect to geographic and 


? The probit equations and summary statistics were estimated us- 
ing Kenneth J. White’s Shazam pregram, version 6.1. The sample- 
selection adjusted wage equations reported below were estimated 
using William H. Greene’s Limdep program, version 5.1. 
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Table 2. Probit Equation: Probability of Working in Agriculture 





Reduced-Form Equaticn 


Amer. J. Agr. Econ. 


Structural Equation 


Coefficient Asymptotic S.E. Coefficient Asymptotic S.E. 

Constant — 1.6850 0.7916 —0.8320 0.6336 
New England 0.8507 0.6578 1.7278 0.6718 
Mid-Atlantic 0.2749 0.7558 1.8039 0.8124 
East North Central 0.7512 0.6572 1.9637 0.7020 
West North Central 1.6973 0.6319 2.1878 0.6269 
South Atlantic 0.7273 0.6270 2.2352 0.6831 
East South Central 0.8943 0.6425 2.3763 0.7039 
West South Central 0.7172 0.6432 2.2399 0.7095 
Mountain 0.5270 0.6298 1.9857 0.6958 
California 2.5634 0.6735 4.2979 0.7616 
Texas —0.3190 0.3340 0.1003 0.3459 
Florida 0.1140 0.3062 —0.1936 0.2986 
Mexican 1.3387 0.2331 0.4290 0.3167 
Non-Mexican Hispanic 0.9263 0.2601 0.0284 0.3384 
Black 0.5120 0.1741 —0.1448 0.2335 
Other nonwhite 0.3833 0.4249 —0.7369 0.4859 
Married, living with spouse —0.6666 0.1385 —0.6085 0.1298 
Number of children 0.0899 0.0537 0.0825 0.0495 
Years of school 0.3610 0.140) 
Years of school squared —0.0358 0.0129 
Experience —0.0561 0.0169 
Experience squared 0.0009 0.0002 
R = Iin(w,) — InGv,) 1.7273 0.3742 
Number of observations 931 931 
Log-likelihood (constant only) —458.57 ~458.57 
Log-likelihood —300.27 — 301.65 
Likelihood ratio test 316.61 (21 d.f.) 313.85 (18 d.f.) 
R? measures: 

Maddala R? 0.29 0.29 

Cragg-Uhler R? 0.46 0.46 

McFadden R? 0.35 0.34 

Chow R? 0.38 0.37 
Percentage of correct predictions 87.3 87.5 

Prediction success table Prediction success table 
actual actual 
0 l 0 1 


die 99 iE 99 
82 Predicted 1| 17 82 


Predicted 1| 19 


demographic variables. In the nonagricultural 
sector, controlling for demographic character- 
istics, wages do not differ statistically signifi- 
cantly across regions or states with the sole ex- 
ception that wages are higher in California. In 
contrast, regional differences in agricultural 
wages. are pronounced. Compared to the West, 
wages are significantly lower in the New Eng- 
land, mid-Atlantic, East North Central, South 
Atlantic, East and West South Central, and 
Mountain regions. Surprisingly, in this sample, 
agricultural wages are lower in California than 
in the rest of the West, controlling for other fac- 
tors. The wages in Texas are significantly lower 
than in the West. 

At least for this relatively uneducated group, 
extra education does not statistically signifi- 


cantly increase one’s nonagricultural wage. In 
agriculture, however, extra education is posi- 
tively related to wages up to five years of school 
but negatively for more years.* Agricultural wage 
differences resulting from extra years of school 
are small (only a few pennies per hour), how- 
ever. 

At least until one has thirty-three years of ex- 
perience, extra experience increases the non- 
agricultural wage; whereas, extra experience (or 
age) does not have a statistically significant ef- 
fect on the agricultural wage. In the nonagri- 
cultural sector, having twenty years of experi- 


* Most previous studies based on the CPS (without educational 
limits on the sample) find that education does not have a statisti- 
cally significant effect in the agricultural sector (e.g., Perloff) but 
does in the nonagricultural sector. 
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Table 3. Logarithmic Wage Equations Adjusting for Sample Selectivity 


Agriculture Non-Agriculture 
Coefficient Asymptotic S.E. Coefficient Asymptotic S.E. 
Constant 1.3161 0.3586 1.4641 0.1777 
New England —0.5338 0.2736 0.0637 0.1235 
Mid-Atlantic —0.9429 0.3073 —0.0006 0.1322 
East North Central —0.7060 0.2761 0.0578 0.1245 
West North Central —0.3139 0.2846 _ 0.0540 0.1326 
South Atlantic —0.9556 0.2555 —0.0343 0.1184 
East South Central — 1.0005 0.2658 —0.0745 0.1211 
West South Central —0.9481 0.2734 -0.0169 0.1248 
Mountain —0.8560 0.2648 0.0473 0.1211 
California —0.5710 0.2771 0.4837 0.2378 
Texas —0.3038 0.1215 —0.0474 0.0932 
Florida 0.1633 0.1099 0.0314 0.0807 
Years of school 0.1535 0.0555 0.0339 0.0395 
Years of school squared —0.0149 0.0050 —0.0023 0.0034 
Experience —0.0061 0.0069 0.0325 0.0057 
Experience squared 0.0001 0.0001 —0.0005 0.0001 
Mexican 0.6067 0.1136 0.0820 0.1004 
Non-Mexican Hispanic 0.5082 0.1129 —0.0225 0.0840 
Black 0.2511 0.0762 —0. 1543 0.0521 
Other nonwhite 0.7284 0.1866 0.0755 0.1061 
Selectivity parameter 0.3867 0.0936 0.4607 0.1348 
Number of observations 181 750 
Mean of In(wage) 1.50 1.94 
Standard deviation of In(wage) 0.35 0.44 
Standard error of the regression 0.27 0.40 
Standard error corrected for 0.40 0.47 
selection, 
Sum of squared residuals 13.62 119.85 
R? 0.39 0.17 
F(20, 729) 5.15 7.71 
Log-likelihood —22.70 —376.50 
Log-likelihood (constant only) —67.70 —448.41 
x20) 90.00 143.82 
Squared correlation of disturbance 0.937 0.979 


in regression and selection 
criterion 


ence instead of ten is worth 18¢ more per hour. 

In the nonagricultural sector, controlling for 
other factors, blacks earn 14% less per hour than 
whites; whereas there is no statistically signifi- 
cant wage differential between whites and other 
nonwhites or either group of Hispanics. In the 
agricultural sector, workers who report their 
ethnicity as Mexican earn 82% more an hour 
than whites; other Hispanics ear 65% more; and 
blacks earn 28% more.” These cross-sector ra- 
cial wage differentials may reflect either dis- 
crimination or other effects not otherwise cap- 
tured by the exogenous variables in this equation. 


> The unconditional mean hourly earnings by demographic group 
in agriculture are: all $4.87 (with a standard error of 2.16), white 
5.00 (2.14), black $4.14 (2.13), Hispanic $4.97 (1.70), and Mex- 
ican $5.07 (1.68). 


For example, nonwhites and Hispanics may be 
more likely to work in jobs that pay premia, such 
as dangerous jobs or certain migrant jobs. 

The qualitative results from these wage equa- 
tions are similar to those of earlier studies (e.g., 
Perloff) that are based on CPS data but did not 
adjust for the sample selection effect of industry 
choice. The quantitative effects differ substan- 
tially, however. For example, in the wage equa- 
tions shown above, the estimated ratio of wages 
in agriculture to those in nonagriculture aver- 
aged 31% over the sample. Based on estimates 
of the same equations using ordinary least 
squares, the comparable average wage ratio is 
66%, or more than double, reflecting the failure 
to control for sample selection. Those people for 
whom the wage ratio is relatively high are more 
likely to work in agriculture as discussed next. 
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Structural Probit Equation 


The structural probit equation is reported in the 
last two columns of table 2. To estimate it, the 
wage ratio, R, is approximated by the estimated 
difference in the natural logarithm of the wage 
one would earn in agriculture and in the non- 
agricultural sector. 

In the structural probit equation, controlling 
for demographic and wage ratios, workers are 
more likely to work in agriculture in most other 
regions of the country than in the West. They 
are also more likely to work in agriculture in 
California than in the rest of the West. Of course, 
given that wage ratios vary geographically, much 
of the geographic difference in choice of sector 
is captured by the wage-ratio term. 

The structural probit equation does not show 
a significant difference between choice of sector 
among whites and other racial or ethnic groups 
after controlling for wage ratios. That is, the 
preference of working in agriculture of these 
groups shown in the reduced-form equation is 
presumably captured in the structural equation 
by the wage-ratio term, which reflects relatively 
high agricultural wages for these groups. 

The wage ratio has a large, statistically sig- 
nificant effect. A 1% increase in the relative wage 
in agriculture increases the probability that one 
works in agriculture by 3.37% at the sample 
mean. On average over the entire sample 
(Hensher and Johnson), a 1% increase in the rel- 
ative agricultural wage increases the probability 
of working in agriculture by 1.3%. 

The ratio of the estimated agricultural wage 
to the nongricultural wage is 0.37 for those 
workers in agriculture and only 0.30 for those 
who are not in agriculture. That is, the esti- 
mated wage ratio of those who choose to work 
in agriculture is nearly a quarter more than of 
those who choose not to work in agriculture. 
Thus, choosing to work in agriculture appears, 
in large part, to be based on a comparison of 
wages between the two sectors. 

The structural probit has virtually the same 
explanatory power as the reduced-form equa- 
tion. The probit R? measures range from 0.29 
to 0.46; and the prediction success table shows 
that the correct sector is predicted for 87.5% of 
the sample. 


Sensitivity Experiments 


Other experiments were used to test the sensi- 
tivity of these results to the specifications used. 
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In none of these experiments was the key result 
(the effect of the wage ratio in the structural 
probit) substantially affected. 

As a sensitivity test on the assumed error 
structure, the system was estimated using logit 
rather than probit equations (that is, the distur- 
bances were modeled as logistic rather than nor- 
mal). Although the key result was virtually the 
same as with the probit system, the correlation 
between the reduced-form logit equation and the 
selectivity equations’ disturbance terms were es- 
timated to be greater than one, which is, of 
course, impossible. For that reason, only the 
probit equations are reported here. 

The system of equations reported above does 
not have a union variable on the right-hand side 
of any equation. Expanding this system of equa- 
tions to include a union equation (with an error 
term that was correlated with the industry choice 
equation error term) and including a union 
dummy as an endogenous right-hand-side vari- 
able in the wage equations proved impossible to 
estimate (because of the very small number of 
union workers in the agricultural sector within 
this sample). Using the specification above but 
including union as an exogenous variable leaves 
the race and ethnicity coefficients in the wage 
equation virtually unaffected. As a result, union 
status was left to the residual term in the equa- 
tions reported here. Alternatively this system may 
be viewed as quasi-reduced-form equations where 
the included demographic and regional (all the 
union members in the sample are in California) 
variables also explain union status. 

As mentioned above, the results are not sen- 
sitive to the educational threshold. In another 
experiment, seasonal dummy variables (11 
monthly dummies), which were included in all 
the equations, had coefficients that were not sta- 
tistically significantly different from zero either 
individually or collectively in any equation. In 
yet another experiment, military veteran status 
was included in the probits. Although its coef- 
ficient was significant in the reduced-form probit, 
it is not included in the equations reported here 
because of its ambiguous interpretation. On the 
one hand, virtually all veterans have legal status 
(although the inverse does not hold); on the other 
hand, it may be a proxy for other factors such 
as intelligence or skills. Next, the dummy vari- 
able for non~Mexican Hispanic was divided into 
Mexican-American (or Chicano) and other His- 
panics; however, these latter two variables had 
virtually identical coefficients. 

Finally, a model was estimated using a larger 
sample that included city dwellers and females 
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but was still restricted to those with no more 
than nine years of education. Agricultural work- 
ers are only 6.6% of this larger sample. The same 
system was used except that a dummy variable 
for city and another for female were included 
on the right-hand side of all equations. Both these 
dummies had large, statistically significant ef- 
fects in all equations; however, the other de- 
mographic coefficients were relatively unaf- 
fected. In the structural probit equation, the 
relative wage term remained large and had a t- 
statistic of 4.7. The predicted 4.4% shift into 
agriculture from a 1% increase in the relative 
wage at the sample mean is larger than in the 
model above. The original model is stressed in 
this paper because the estimates in the larger 
model are based on estimates in the tails of the 
normal (probit) distribution, which make infer- 
ences outside the sample, which we now ex- 
amine, more speculative. 


The Response to Higher Agricultural Wages 


The system of equations can be used to simulate 
the effect of higher wages on the agricultural 
supply of nonurban, relatively uneducated 
workers. As shown in table 4, the estimated ag- 
ricultural wage is only 29% of the estimated 
nonagricultural wage when averaged across the 
sample. The simulations reflect the effects of an 
across-the-board increase in the agricultural wage 
holding the nonagricultural wage constant. That 
is, the simulations increase the constant term in 
the regression on the logarithm of the agricul- 
tural wage, which is equivalent to a constant 
percentage increase in the agricultural wage for 
all workers. 

In table 4, two methods are used to calculate 


Table 4. Effect of an Increase in the Agri- 
cultural Wage 


Increase Percent Agricultural 
in the Workers 
Agricultural Waf Wn 
Wage (%) (%) 50% Rule Average 
0.00 29.38 10.63 19.45 
2.00 30.04 10,96 20.07 
4.00 30.63 11.82 20.69 
6.00 31.21 12.35 21.31 
8.00 31.80 12.78 21.94 
10.00 32.39 13.10 22.57 
20.00 35.34 15.47 25.76 
30.00 38.28 18.69 28.96 
40.00 41.23 21.91 32.15 
50.00 44.17 25.35 35.30 
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the effect of the wage increase on the share of 
workers in agriculture as both are commonly used 
in probit studies. In the first method, a worker 
is assigned to the agricultural sector if the prob- 
ability he works in agriculture (according to the 
structural probit equation) is at least 50%. Using 
this 50% rule, the model predicts that 11% of 
the workers will work in agriculture. In the sec- 
ond method, the probability of working in ag- 
riculture that the model predicts for each indi- 
vidual is averaged across all individuals (using 
equal weights). This average is 19%, which 1s 
(by the nature of the probit estimation tech- 
nique) virtually the same as the actual percent- 
age in the sample. 

If the agricultural wage increased by 2%, the 
wage ratio would increase by 2.2%. Using the 
50% rule, the share of workers in agriculture 
would increase by 3.1% (or 0.33 percentage 
points from 10.63% to 10.96%; whereas, using 
the second method, the share would increase by 
3.2% (or 0.62 percentage points from 19.5% to 
20.07%). If the agricultural wage were raised 
by 10% (with no response in the nongricultural 
wage), the first method indicates a 23% increase 
in the share of agricultural workers; the second 
method predicts a 16% increase. 

Simulations of larger wage increases should, 
of course, be viewed with substantial caution. 
If the point estimates are assumed to hold with 
larger increases, a 50% increase in the agricul- 
tural wage leads to a 139% increase in the share 
of agricultural workers using the first method 
(to a quarter of this relatively uneducated labor 
force) and an 82% increase using the second 
method. 

In interpreting these simulations, recall that 
they reflect a national average for nonurban, rel- 
atively uneducated workers. There may also be 
(a presumably smaller) response by better edu- 
cated or urban workers. Thus, the simulations 
reported here may be lower bounds on the true 
(larger) response. However, if IRCA were strictly 
enforced, driving undocumented workers out of 
agriculture, a substantial number of U.S. citi- 
zens and immigrants with legal documentation 
would have to be hired to replace them. One 
survey of California employers (Rosenberg and 
Perloff) indicates that in 1987, after the passage 
of IRCA, one-third of new hires were illegal 
aliens. 


Conclusions 


This paper presents a model of industry choice 
and wage determination. The chief result of this 
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analysis is that inducing more workers to switch 
to agriculture may not require large wage in- 
creases. Indeed, a 10% increase in wages may 
increase the share in agriculture of nonurban male 
workers with no more than a ninth-grade edu- 
cation by nearly a quarter. Nonetheless, in some 
states and in certain crops, half or two-thirds of 
the agricultural work force has been undocu- 
mented aliens so that larger wage increases may 
be required. Because this study has focused on 
only supply-side effects, a full analysis of the 
wage effects of a government policy that pre- 
vented undocumented workers from working re- 
quires a comparable demand-side analysis. 

Further work on agricultural labor supply re- 
mains to be done as well. For example, this re- 
port has focused on the role of higher wages in 
attracting agricultural labor. In general, how- 
ever, better working conditions and other ben- 
efits (such as health insurance and housing) could 
also attract extra workers, holding wages con- 
Stant. 


[Received November 1989; final revision 
received September 1990.] 
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Labor Contracting and a Theory 
of Contract Choice in California 


Agriculture 


Ann Vandeman, Elisabeth Sadoulet, and Alain de Janvry 


We present a model of labor contracts, where seasonality, the sensitivity of output to 
labor quality and work intensity, and the relative advantages of labor contractors in 
recruitment and growers in supervision of seasonal farm workers determine the choice 
of employment contract. Differences in the optimal means of extracting work result in 
lower wages paid under labor contracting than direct hiring. We derive and estimate the 
probability of labor contracting and wages as functions of worker and job characteristics 
using data on California farm workers and employers. From estimated expected wages, 
our results indicate that successful unionization or reducing the flow of undocumented 
workers into California agriculture both would reduce contracting and increase wages. 


Key words: agricultural labor, contract theory, labor contracting, sample selection bias. 


Labor contracting is an old institution in Cali- 
fornia agriculture. Contractors have supplied 
crews to plant, hoe, thin, and harvest labor-in- 
tensive fruit and vegetable crops in the state for 
more than 100 years. It is also a persistent in- 
stitution. Although advocates of farm labor 
unionization predicted that contracting would 
disappear with the introduction of collective 
bargaining, contractors have continued to in- 
crease their share of the seasonal labor market. 
Currently, about one-third of the production jobs 
on California farms are performed by workers 
supplied by contractors. How contractors con- 
tribute to the functioning of the labor market and 
to management of the labor process are the sub- 
jects of this paper. 

Labor contractors are independent interme- 
diaries who, for a fee, recruit, hire, and super- 
vise seasonal farm workers. Their work force is 
composed primarily of immigrant workers with 
limited knowledge of their rights or ability to 
exercise them. Workers are often dependent on 
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the contractor for transportation, housing, and 
access to health care in addition to a paycheck. 
High levels of unemployment among these 
workers, resulting from labor demand season- 
ality and from the constant replenishment of the 
labor pool through immigration, foster this de- 
pendence. Abuse of this relationshp has resulted 
in a rather unsavory reputation for contractors 
(Vaupel and Martin). Accounts of promised jobs 
that do not materialize; wages not paid; and over- 
charging for transportation, food, and housing 
are common. Growers also fall victim to abu- 
sive contractors who pad the payroll with phan- 
tom workers or exaggerate production figures. 
Reports of fraud and abuse led California to re- 
quire licensing and bonding of contractors in 
1939. Federal law followed suit in 1963. 

What accounts for the persistence of this an- 
tiquated and apparently primitive institution in 
agriculture? Contractors were used originally to 
bring Chinese immigrant workers into agricul- 
ture, where lack of a common language was a 
barrier to direct employment and supervision 
(Fisher). Today, most foremen and field super- 
visors, and many growers themselves, are bi- 
lingual. Thus, while the work force still is com- 
posed primarily of immigrant workers, language 
is no longer a barrier between employer and em- 
ployee. 

Economic analyses of the labor process have 
sought to explain patterns in the organization of 
agricultural production by applying the theory 
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of transactions costs to particular problems of 
tenancy and labor contract choice, such as the 
payment of piece versus time rates (Stiglitz, 
Roumasset and Uy), permanent versus casual 
labor contracts (Bardhan, Eswaran and Kotwal 
1985b), and alternative forms of tenancy (Es- 
waran and Kotwal 1985a). We employ this the- 
ory to examine the unique role of the contract- 
ing system in labor-intensive agriculture. 
Previous studies of seasonal farm labor have 
identified labor demand seasonality as the source 
of low returns to farm work and problems of 
unstable labor supply (e.g., Holt, p. 11). We 
argue that the contracting system is advanta- 
geous to growers precisely because it preserves 
the casual nature of seasonal farm work. Con- 
tractors possess an advantage in recruiting 
workers for seasonal jobs because they can spread 


their recruitment costs over a number of short- | 


term contracts. They are also more efficient than 
growers in the recruitment of new entrants to 
farm work, workers with little knowledge of the 
farm labor market or labor standards, and work- 
ers whose alternatives inside and outside of farm 
work are limited by their illegal status. We will 
show that hiring workers with these character- 
istics enables contractors to achieve higher lev- 
els of work intensity in certain types of jobs while 
paying lower wages than growers who hire la- 
bor services directly. 

Contracting is, however, not appropriate to 
meet all of agriculture’s labor needs. In partic- 
ular, growers have an advantage in direct hiring 
for jobs which are less seasonal and which re- 
quire greater care and knowledge of production. 

In the next section we develop a formal model 
of the grower’s contract decision and wage de- 
termination, where the contract alternatives are 
direct hiring and contracting for labor. The model 
is used to infer a distribution of contracts across 
types of jobs. Then we reverse the use of the 
model to derive the conditional distribution of 
workers between contract types in a given job 
and the predicted wages expressed as a function 
of contract type. Subsequent sections present 
empirical results for these two equations and use 
these results to calculate expected wages under 
alternative policy scenarios. 


Labor Contracts and Labor Extraction 


The functions of the contracting system are con- 
sidered at two levels: in the labor market and 
within the labor process. Labor market func- 
tions include the recruitment and hiring of 
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workers. In the labor process, the objective is 
to induce workers to work at some optimal level 
of effort and quality. 

The grower has two basic alternative means 
of access to labor: direct hiring and management 
of workers and purchasing labor from a labor 
contractor. Growers are assumed to make de- 
cisions on these alternatives at each stage of the 
production process of each crop, and each de- 
cision is assumed independent. Thus, they may 
choose to employ labor directly for one task and 
to contract for labor at a later stage of produc- 
tion. The choice of contract will depend on the 
activity to be performed and on the relative ef- 
ficiencies of growers and labor contractors in the 
recruitment of workers and the extraction of work 
in that particular activity. 


Supervision and the Cost of Job Loss 


Growers and contractors have two means of ex- 
tracting work from workers. One is by direct 
supervision, which primarily influences the 
quality of the work, and the other is to apply 
pressure to increase the quantity of work by the 
threat of job loss. 

Supervision involves directing and coordinat- 
ing the labor process; making the day-to-day 
production decisions regarding the time and lev- 
els of input use, including labor inputs, and their 
methods of application. The effectiveness of su- 
pervision depends upon the supervisor’s ability 
to manage production. The importance of su- 
pervision to an activity, whether it be pruning 
vines, applying fertilizer, or harvesting garlic, 
will vary with the sensitivity of output quality 
to the labor process. 

Growers have a comparative advantage in su- 
pervision over contractors because of their greater 
knowledge of the production process. The 
grower’s proprietary interest in maintaining the 
yield potential of fixed inputs such as land, trees 
and vines, and in protecting investments in 
equipment, also gives him greater incentive to 
supervise effectively those activities requiring 
greater care. Let S be the cost of supervision per 
unit of labor time and y; a parameter represent- 
ing the efficiency of supervision under contract 
i. Because growers are relatively more efficient 
in supervision than contractors, y; > Ye 
(throughout, we use i = d for direct hiring and 
i = c for contracting labor). 

Employers can also affect work effort by con- 
trolling the cost of job loss, defined as the dif- 
ference between the actual wage and the work- 
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-er's opportunity wage (Shapiro and Stiglitz, 
Bowles). The cost of job loss affects work effort 
(Becker and Stigler, Stiglitz). The threat of job 
loss is more effective, and hence effort in- 
creases, the greater is the cost of job loss that 
the employer can impose on the worker. Thus, 
high costs of job loss are implied by the com- 
mon observation that farm workers work “hard 
and scared.” Compared to direct supervision, this 
indirect control of the worker’s performance is 
more useful in influencing the quantity of work 
rather than the quality of work. We discuss the 
components and manipulation of the cost of job 
loss in more detail at the end of this section. 

Given the other inputs, the output of each ac- 
tivity is a function of labor time, L, modified 
by the level of supervision, and by the work ef- 
fort E, which is influenced by the cost of job 
loss. Let a,(j) and a3(j) represent the impor- 
tance of labor time and supervision to the output 
of activity j. For a given contract type i, the out- 
put of activity j is 


(1) 0 ji = ERIS L, 


where E; represents the average level of work 
effort among the workers hired which is af- 
fected by the cost of job loss. 

The cost of job loss to a worker is the dif- 
ference between two components: the actual wage 
paid and the opportunity wage of that worker. 
Therefore, employers can increase the cost of 
job loss by recruiting workers with low oppor- 
tunity cost, or by increasing their wage. How- 
ever, both of these actions, recruitment and wage 
strategies, are not done selectively for individ- 
ual workers but apply to the whole pool of 
workers. The employer chooses an overall strat- 
egy of recruitment that will give him access to 
a certain pool of workers from which he will 
hire, applying no further selection among the in- 
dividuals. Similarly, he chooses an overall level 
of incentive bonus on the wage, which is then 
applied to the structure of individual wages. Be- 
cause workers in the recruited pool are not ho- 
mogenous, their individual wages, opportunity 
costs, and work efforts will differ. The outcome 
of the recruitment and wage policies will then 
be measured by an average intensity of work 
among the pool of recruited workers. We dis- 
cuss the recruitment and wage policy before ag- 
gregating them in an average level of work in- 
tensity. 

Because a worker’s opportunity wage is de- 
termined in part by his or her individual char- 
acteristics, employers can manipulate the cost of 
job loss by targeting groups of workers with 
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particular characteristics for recruitment and hir- 
ing. Let X be a vector of characteristics describ- 
ing the worker, R be the per worker cost of re- 
cruitment, and 6, be the relative efficiency of 
recruitment under contract i. The level of re- 
cruitment expenditure determines the pool from 
which workers are hired. The pool is identified 
by a frequency distribution of characteristics f(X; 
ôR). It may consist of a local community of 
settled farm workers, a migrant stream within 
the United States, a cross-border migration net- 
work, or a combination of these groups. 

Farm labor contractors specialize in the de- 
livery and management of seasonal labor. This 
gives them two advantages. First, their more ex- 
tensive contacts within farm worker communi- 
ties and migration networks provide them greater 
access to those segments of the labor force with 
lower average opportunity wages, consisting of 
high proportions of undocumented workers, 
nonunion workers, and workers with little or no 
experience in the U.S. farm labor market. Their 
second advantage is the ability to reduce re- 
cruitment costs per unit of labor time by spread- 
ing these costs over several contracts. Because 
contractors are relatively more efficient in re- 
cruitment, 6. > 6. 

The second means of increasing the cost of 
job loss is to increase the wage. High unem- 
ployment in farm work, because of seasonality 
and the constant influx of new immigrant work- 
ers, precludes an assumption of competitively 
determined wages in this market. Thus employ- 
ers exercise some control over wage rates above 
the federal minimum wage. Growers have both 
greater flexibility and face greater pressure to 
use wage incentives. Competition for contracts 
reduces the possibility for contractors to use a 
positive wage incentive to extract higher levels 
of work effort. Growers also face a greater union 
threat and, because unionization reduces the risk 
of job loss, greater pressure to increase wages 
in order to maintain the effort incentive (Re- 
bitzer, Schor and Bowles). They are identified 
with fields that can be picketed and in some cases 
with a product susceptible to boycott. In con- 
trast, contractors have not been successfully un- 
ionized, and their mobility and lack of capital 
make it virtually impossible to enforce collec- 
tive bargaining agreements. These were, in fact, 
the arguments made to exclude contractors from 
collective bargaining legislation. 

The determination of the wage and the cost 
of job loss are specified formally in the follow- 
ing way. Let w, be the prevailing minimum wage 
rate for farm work. The actual wage paid by an 
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employer to a worker X is w,g(X, B)”, where 
g(X, B)“ is the ratio of the actual wage to the 
minimum wage for workers X and contract type 
i. This ratio is a function of three components: 
X, the vector of worker characteristics; B, the 
average wage bonus for the labor pool; and g,, 
the parameter representing the difference in wage 
flexibility and pressure under the two contract 
types. The greater wage flexibility and the greater 
pressure to increase wages under direct hiring 
imply that eg > £.. 

The worker’s opportunity wage is expressed 
as a function of individual characteristics and 
contract type, w*(X). Opportunity wages will 
vary by contract type because of differences in 
the hiring preferences of growers and contrac- 
tors. For instance, unionized workers have a 
higher opportunity wage under direct hiring as 
they benefit from the union’s bargaining power 
but a lower opportunity wage under contracting 
as growers explicitly seek nonunionized work- 
ers when obtaining workers through a labor con- 
tractor. The cost of job loss for the individual 
worker X is 


(2) Ci = wog(X, B)" — wi'(X). 


Aggregating over the pool of workers, levels of 
R and B in a given activity j and contract type 
i produce the following average labor effort: 


(3) Ey = | [w.g(X, B)” 
e wO ISX; &R)AdX. 


The parameter a:,(j) represents the impact of work 
effort on the output of activity j. 

The concept of the cost of job loss provides 
a link between the contractor’s roles in the labor 
market and the labor process. The contractor’s 
ability to recruit and hire workers with limited 
employment alternatives facilitates the process 
of labor extraction by increasing the average cost 
of job loss and, therefore, work effort. 


Choice of Contract 


Thus, the choices of four variables determine 
the proceeds and the costs of labor in the con- 
sidered activity: (a) the level of employment L, 
(b) a supervision cost per unit of labor S, (c) a 
recruitment cost per worker R, and (d) an av- 
erage wage bonus B. The proceeds of work are 
measured by the production of activity j under 
contract i: 
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(4) Q= | [w8 X, B)" 
= WE) OF(X ERAX (SOLO. 


The average wage of the pool of workers hired 
under contract i is 


(5) w = | WRX, BYF (X; &R)dX. 


The overall cost of labor, including supervision 
and recruitment, is 


(6) [w+ S + R/a JIL, 


where the quantity R/a,(j) is the recruitment 
cost per unit of labor time and a,(j) is the av- 
erage length of job j. 

Under direct hiring, the grower takes all the 
decisions and will choose levels of L, S, R, and 
B that maximize his profit: 


Max ly == DQa i (wW + + R/ag JL. 
L,S,R,B 


Under a common form of indirect contracts, these 
decisions are taken by the contractor who is paid 
a fixed fee for a given task. His objective func- 
tion in deciding on levels of L, S, R, and B is 
to minimize the overall labor costs, including 
recruitment and supervision, to perform the task 
Q; specified by the grower: 


{a (w. + S + R/& (JDL, 
L,S,R,B E 
S.t. Qij = Q;. 


Competition among contractors ensures that their 
fees are set to cover just their costs, equal to the 
sum of the labor costs, and a nominal fee for 
their service. This leaves the grower with a profit: 


ly = P,Q; — (wet S+ R/a& jL ma CF, 


where CF is the contractor’s service fee, and L, 
S, R, and B are set at their optimal levels. 

As the contractor’s cost-minimizing problem 
is formally equivalent to a profit-maximizing 
problem, the optimal choice of L, S, R, and B ` 
under contracting can also be written as a so- 
lution of the grower’s profit maximization prob- 
lem: 


Max Hy = pO. 7 we Tor R/aœjŅL E CF, 
L,S,R,B 
with the decision taken, however, by the con- 


tractor with his comparative characteristics e,, 
w* 6,, and ye. 
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The final decision as to which of these con- 
tracts will be used in the hiring of labor rests on 
the grower, who chooses the contract which 
yields him the highest profit. In a world of cer- 
tainty, with identical growers, the same optimal 
contract will always be chosen for the same ac- 
tivity. However, in the real world of differen- 
tiated growers, the profitability of a given con- 
tract is not identical for all growers and, thus, 
neither is the optimal contract. In fact, we ob- 
serve a distribution of contracts for each activ- 
ity, not a unique dominant contract. This dis- 
tribution of contracts is analyzed next. 


The Distribution of Contracts by Job Types 


Let 7; be the expected maximum profit for con- 
tract į in a given activity (the activity subscript 
j is omitted). Because growers differ in man- 
agement ability, their profit expectations will be 
distributed around f;. Thus, any particular 
grower’s contract choice will be based on his 
expected profits expressed as 


(6) 


where u, and u, are random variables. The prob- 
ability that a grower chosen at random will choose 
contract c 1s 


(7) PC) = Pu < fe — 74), 


which is equal to the value of the cumulative 
distribution of u at (7, — Ëa, or FC. — fa). 
Profits are calculated for each activity, so the 
characteristics of the job—the importance of the 
quality and quantity of labor to output—ulti- 
mately determine which contract is chosen. 

In this empirical analysis, the data are from a 


Ti; = Tı t Uj, 


Table 1. 
tural Jobs in California, 1983 Sample 
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statewide survey of farin workers conducted in 
1983 (Mines and Martin). The survey sample is 
made up of an aggregation of samples chosen 
from agricultural areas served by forty-two job 
service center offices in California. The inter- 
viewers, job service employees who regularly 
work with agricultural employers and farm 
workers in these offices, constructed quotas for 
sampling within their office jurisdictions based 
on their knowledge of the area and on guidelines 
developed by the survey team. Criteria were lo- 
cation, ethnicity, household composition (insur- 
ing a minimum number of interviews with sin- 
gle person households), sex, and job type 
(insuring a minimum number of interviews with 
irrigators and equipment operators). Respon- 
dents were fourteen years of age or older, 
household heads or spouses, and had worked at 
least twenty-five days in farm work during the 
twenty-four months prior to the survey date. 
Employer type was not a criterion for sample 
selection. Although the sample is not random, 
the sample selection process should not bias the 
results on the distribution of jobs, workers, and 
wages by contract type. Only observations on 
workers employed in nonsupervisory positions 
in their current job by either a labor contractor 
or a grower are included. Foremen, those work- 
ing in off-farm jobs, and those employed by a 
packing house or sharecropper at the time of the 
interview were excluded from the sample. The 
latter two types of contracts cover only a small 
fraction of jobs and are restricted to particular 
crops and regions. 

Table 1 illustrates the effects of job type on 
contract choice among growers in California. 
Overall, 28% of the jobs in this sample were 
performed by contract labor. Contracting ac- 


The Distribution of Contracts by Job Type and Average Job Length for Agricul- 





Direct Hiring 

Job Number (%) 
Harvest 290 65.2 
Prune 53 84.1 
Thin 14 82.4 
Hoe 47 50.5 
Irrigate 68 93.2 
Sort 53 69.7 
Plant 16 84.2 
Machine operator 107 92.2 

Sample total 648 71.8 


Average 
Contracting Job Length 
Number (%) Weeks 

155 34.8 11.5 
10 15.9 12:7 
3 17.6 16.8 
46 49.5 10.1 
5 6.8 25.3 
23 30.3 6.3 
3 15.8 26.3 
_9 7.8 21.0 
254 8.2 13.8 


Source: University of California/California State Employment Development Department (UC/EDD) Farm Worker Survey, 1983. 
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counts for 35% of all harvesting jobs, 50% of 
hoeing (weeding and thinning row crops), and 
30% of sorting. In contrast, growers hire di- 
rectly for over 90% of all irrigator and machine 
operator positions. 

Two factors are at work in determining this 
distribution of contracts. First, where the payoff 
to supervision is high because of the key role of 
work quality, as in irrigating or operating ma- 
chinery, more direct hiring is observed. Where 
work intensity has the greater effect on output, 
as in the most routine and repetitive tasks, con- 
tract hiring is more prevalent. Timing and the 
effect of recruitment costs on contract choice also 
are evident in these results. Growers more often 
contract out the short season jobs, such as har- 
vesting and sorting, where their unit costs of di- 
rect recruitment and hiring are greatest. The lower 
unit costs of recruitment and hiring in more per- 
manent positions are thus another reason we see 
growers directly hiring most irrigators and ma- 
chine operators. 


The Distribution of Workers between 
Contract Types 


The fact that, for a given activity, there is both 
direct hiring and contract hiring means the same 
task could be performed by the same worker un- 
der either one of the contracts. However, with 
different comparative advantages in recruitment 
and supervision, we have seen that growers and 
contractors do not recruit from the same pools 
of workers. For that reason, some workers are 
more likely to be hired directly and others to 
work under labor contractors. The resulting dis- 
tribution of workers between the two contracts 
is now examined. As will be shown, it depends 
not only on the type of job but also on individual 
characteristics that determine the pool from which 
the worker is most likely to be recruited. 

For a given job j, if contract i is chosen and 
R and B are set at their optimum levels, then the 
distribution of workers hired under that contract 
is f(Xli, j). The total distribution of workers for 
a given activity j is 
(9) SAID = (1 — FG, AANS Alh, j) 

a Ff g aS (X\c, j). 


The probability that a worker selected at random 
from a given activity and with characteristics X 
is hired under a labor contractor is 


(10) FEX, j) = fiXle, DET. — iadf X|). 
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For a given job j and worker k, these probabil- 
ities are dependent on the characteristics œ( j} of 
the jth job and the characteristics X of the Ath 
worker. The distributions depend on the job 
specifications because of their effect on the rel- 
ative profitability of the two contract types and, 
hence, cn the choice of contract. They also de- 
pend on the worker’s characteristics because of 
the differences in the optimal levels of recruit- 
ment and in the relative efficiencies of recruit- 
ment between contracts. Finally, these distri- 
butions depend on the relative efficiency of 
supervision and use of the wage incentive by 
growers and labor contractors. Therefore, the 
reduced form for the probability of contract i is 


(11) FGX, j) = kX, a), 


where alj) = [æ (j), œj), æj), a4(7)] is a 
vector of characteristics of activity j. 

Wages are also endogenous and jointly deter- 
mined along with the choice of contract as a 
function of job type and worker characteristics. 
The theoretical form was written w,g(X, B)“, 
where B, set at its optimal level, depends on the 
a(j) and on the contract characteristics B(i) = 
[e w(x), ô, yJ. Hence, a reduced-form 
expression for wages is 


(12) w = fle), X, BOI. 


Because the cost of job loss is defined as the 
difference between the wage paid and the op- 
portunity wage, observed wages should increase 
with opportunity wages which depend on alter- 
native sources of wage and nonwage income and 
on the contract type. Wages should be relatively 
higher in direct hiring, where recruitment costs 
are higher and the threat of unionization reduces 
the cost of job loss. 


Econometric Results 


We now turn to the estimation of the reduced- 
form equations for the probability of labor con- 
tracting and for the wage and to the empirical 
verification of the assertions derived from the 
theoretical model. Probit approximations of the 
distribution of contracts (11) and linear approx- 
imation of the wage (12) are as follows: 


13) LC = a;Z; + bX, + CN, + Up, 
(14) PLC, = 1) = ®(LC#), and 
(15) Wy = aZ; + DX, + CN, + ELC, + Va, 


where LC}# is a nonobservable criterion function 
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for selection of the worker k, in job j, and re- 
gion r by a labor contractor (h = [j, k, r} is an 
index of the observation), LC, is a dummy 
variable equal to 1 if, in the observation A, hir- 
ing is done through a labor contractor and 0 if 
there is direct hiring, ® the cumulative normal 
density function, w, is the wage, Z; is a vector 
of job specifications, X, is a vector describing 
the worker’s characteristics, and N, is a vector 
of regional variables. The random variables t, 
and v, are assumed distributed normally with 
zero mean and variance o? = 1 and gf, 
respectively. : 

Table 2 contains a complete list of the vari- 
ables used to estimate the model and their def- 
initions, taken from the farm worker survey data 
referred to above. The personal characteristics 
variables included in the model are sex, years 
of farm work experience in the United States, 
union membership, legal status, and migrancy 
status. The number of years of farm work in the 


Table 2. Variable Definitions 
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United States captures the accumulated knowl- 
edge of the U.S. farm labor market, where and 
how to get jobs, the wage structure, and em- 
ployee rights. It is not meant to measure any 
qualification that would influence the productiv- 
ity of the worker because such qualification re- 
quirements do not differ significantly among the 
types of jobs considered in this study. 

Ideally, the vector of job characteristics would 
include a duration variable and indices for the 
relative importance of labor quality (supervi- 
sion) and quantity (work effort) in each crop and 
task. However, the information available from 
this and other similar surveys is not sufficient 
to construct the necessary variables. For ex- 
ample, the survey data on job length are right- 
censored at the interview date in every case. 
Therefore, dummies were used for the crops and 
tasks. The job types included in the model are 
harvesting jobs, pruning, hoeing, irrigating, 
sorting, and machine operation. Job effects are 





Dependent variables 
Wage rate: 
LC: 


the hourly wage rate for the worker (hourly earning for piece rate jobs). 
a dummy variable for contract type = 1 if the worker is employed by a labor contractor, 0 


if he or she is employed directly by a grower. 


Worker characteristics (X) 


Sex: a dummy variable = 1 for males, 0 for females. 
U.S. farm work years of farm work experience in the United States. 
experience: 


Union membership: 
the last 3 years, O if not. 
Hlegal status: 
the United States. 
Migrant: 
current job, 0 if not. 
Job specifications (Z) 


Harvest citrus: a dummy variable 


a dummy variable for union membership = 1 if the worker has been a union member in 
a dummy variable = | if the worker is undocumented, Q if he or she is legally working in 


a dummy variable for migrancy status = 1 if the worker is away from home on his/her 


l for citrus harvesting jobs, 0 otherwise. 


Harvest grape: 


Harvest vegetable: 
Harvest field fruit: 


a dummy variable 

a dummy variable 

a dummy variable 
otherwise. 


Prune vines: a dummy variable 
Hoe: a dummy variable 
Irrigate: a dummy variable 
Sort: a dummy variable 


Machine operator: 


Time rate: 


Peak employment: 


Regions (N) 


Southern California: 


Coastal region: 


Sacramento Valley: 


a dummy variable 

a dummy variable 

a dummy variable 
otherwise. 


to owe tl 


1 for grape harvesting jobs, 0 otherwise. 
1 for vegetable harvesting jobs, 0 otherwise. 
ł for field fruit harvesting jobs, such as strawberries or melons, 0 


] if the job ts pruning vines, 0 otherwise. 

l if the job is hoeing, all crops, 0 otherwise. 

i if the job is irrigating, all crops, 0 otherwise. 

1 if the job is sorting, all crops, 0 otherwise. 

l for machine operator jobs, all crops, 0 otherwise. 

1 if the worker is paid by the hour, 0 if by the piece. 

1 if worker’s employer hires more than 50 workers at peak, 0 


a regional dummy variable = 1 for workrs in Southern California (including Los Angeles, 
San Bernardino, Orange, Riverside, San Diego, and Imperial Counties), 0 otherwise. 

a regional dummy variable = 1 for workers in the Coastal Region (including Contra Costa, 
Alameda, San Mateo, Santa Cruz, Santa Clara, San Benito, Monterey, San Luis Obispo, 
Santa Barbara, and Ventura Counties), 0 otherwise. 

a regional dummy variable = 1 for workers in the Sacramento Valley (including 
Sacramento, Yolo, Yuba, Sutter, Colusa, Butte, Glenn, and Tehama Counties), 0 


otherwise. 
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compared to the deciduous fruit harvest. The jobs 
requiring greater care in their performance and, 
hence, greater supervision are pruning, equip- 
ment operation, and irrigating. These jobs also 
last longer than other farm jobs. For these rea- 
sons, growers should find it more profitable to 
fill these positions through direct hiring. In con- 
trast, because work intensity is the primary fac- 
tor determining output in most harvesting op- 
erations, a higher probability of contractor 
employment is expected in these jobs, with some 
variation between crops as a function of job length 
and quality effects on output. Peak employment 


is included in the model to account for variation 


in the levels of union threat and recruitment cost 
per worker by farm size. 

The method of payment follows from the 
grower’s choice of crop and is, therefore, ex- 
ogenous. Piece rates are used in jobs where work 
intensity is critical to output; thus, we expect the 
probability of contracting to be positively re- 
lated to piece rate work. If piece rates also serve 
as a screening device (Stiglitz), then piece work 
should yield higher hourly earnings as the more 
productive workers will choose these jobs. But 
the gains may not be equal for workers under 
both contracts. Piece rate earnings are depen- 
dent in part on crop yield, and there likely is a 
tendency to employ contract labor in the least 
productive piece work positions. Suppose, then, 
that fields can be divided into high yield and 
low yield. We would expect a greater increase 
in earnings over hourly rate jobs in the high yield 
fields. However, we do not observe yield dif- 
ferences, only that high yield is usually directly 
hired and low yield usually contracted. There- 
fore, the difference in productivity is captured 
by including an interactive term for the method 
of payment variable (LC* time rate). 

Interaction terms also are included in the wage 
equation to allow the effects of worker charac- 
teristics on wages to vary by contract type. The 
effects will not be equal where these character- 
istics are viewed differently by growers and la- 
bor contractors [w*(X) in equation (2)]. 

Regional effects are normalized on the Cen- 
tral Valley and include dummies for Southern 
California, the coastal region, and the Sacra- 
mento Valley. These variables represent re- 
gional differences in recruitment costs, the ef- 
fect of crop mix on labor demand seasonality, 
and regional variation in the influence of labor 
unions. 

Estimation results are reported in table 3. The 
estimated effects of U.S. farm work experience, 
legal status, and union membership on the prob- 
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ability cf contract employment (column 1) are 
all consistent with the theoretical model. Un- 
documented workers are more likely to be em- 
ployed by a contractor than directly by a grower. 
The contractor is better able to channel undocu- 
mented workers into the farm labor market and 
to absorb the cost of replacing workers who are 
picked up and deported. Under the new sanc- 
tions against hiring undocumented workers im- 
posed by the Immigration Reform and Control 
Act of 1986, we may see increasing numbers of 
growers choosing to contract rather than risking 
the cost of violation. 

Union membership has a significant negative 
effect on the probability of contractor employ- 
ment. Union members are entitled to job place- 
ment services and exclusive rights to jobs cov- 
ered by union contract. Then the question is, 
why would union members work for contrac- 
tors? Although unions provide some job secu- 
rity, union jobs make up only a small fraction 
of all farm jobs, and they are subject to the sea- 
sonality of labor demand. Therefore, union 
workers may choose employment with a con- 
tractor over unemployment during seasonal lay- 
offs. 

Crop/task variables distinguish labor require- 
ments by seasonality, work quality, and optimal 
work intensity. The negative and significant 
coefficients for irrigators and machine operators 
confirm that growers are more likely to hire di- 
rectly for jobs requiring more supervision. Pos- 
itive coefficients for hoeing and vegetable har- 
vesting are also consistent with the hypothesized 
effects of work quality and timing on labor de- 
mand decisions. Hoeing row crops is unskilled 
work performed intermittently during the grow- 
ing season, and vegetable harvesting is a short- 
season task emphasizing work intensity in most 
crops. Citrus harvesting is a long-season task 
where quality is relatively important; yet, it is 
more likely to be contracted. This may reflect 
growers’ reaction to union organizing in citrus. 
Many growers withdrew from the commodity 
associations whose members were bound by 
union contracts won in the late 1970s and sub- 
stituted much cheaper contract labor (Mines and 
Anzaldia). 


The Wage Equation 


We have argued that the grower’s choice of con- 
tract is endogenous. Because both this decision 
and wage rates are dependent on the same set 
of characteristics, any omission or measurement 
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error in these characteristics may lead to a cor- 
relation of the error terms u and v. This would, 
in particular, introduce a bias in the wage equa- 
tion as 


E(w, LC, = |)= aZ; + (bz + b)X;, 
+N, Tetig a and 


Elw, LC, = 0) = a,Z; + bX; + CN, 
P 


O uy l a ni 

in which ¢ and @ are the density and cumulative 
normal distribution evaluated for the estimated 
value of the criterion function LC¥, and O, is 
the covariance of u and v. Testing and correc- 
tion for this potential selection bias is done by 
following the Heckman method (Maddala). It 
consists of an OLS estimation of an extended 
wage equation: 


W, = AL; + (b, F b,LC,)X;, 
+ cN, + eLC, + OÀ tE, 


in which A is the Inverse Mill’s Ratio, equal to 
p/P or —d/(1 — ®), and e is an unbiased nor- 
mal error term. 

The results of the wage equation appear in 
column 2 of table 3. Column 3 contains derived 
estimates for the total effects of variables on 
wages under contracting. The signs of the coef- 
ficients are consistent with the model, and some 
significant differences occur in the determina- 
tion of grower and contractor wages. Thus, the 
wage difference by gender in direct hiring dis- 
appears under contracting. U.S. farm work ex- 
perience has a small but significant negative ef- 
fect only on contract wages, and the positive 
effect of union affiliation under direct hiring be- 
comes significantly negative under contracting. 
Legal status and migrancy do not appear to af- 
fect wage rates under either contract. 

As expected, larger employers pay slightly 
higher wages, and the piece rate differential is 
larger under direct hiring. We believe the latter 
results from direct hiring for the most produc- 
tive piece work jobs and contracting others. Some 
self-selection into direct hire piece work may also 
be involved in producing this result. 

Somewhat surprisingly, net wage differences 
are not significant in irrigating and machine op- 
erator positions, where supervision has a greater 
effect on output and direct hiring dominates. The 
prevalence of direct hiring itself may explain the 
higher wages observed in these jobs. On the other 
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hand, wages are significantly higher in citrus, 
vegetable harvesting, hoeing, and sorting, ac- 
tivities in which work effort has a greater effect 
on output and unions have had some impact. 
Thus, in a given contract, the importance of work 
effort does appear to increase use of the wage 
incentive. Wages are higher in the Coast region, 
where high value vegetable crops are grown un- 
der the control of a relatively few large produce 
companies and unionization has been relatively 
successful. Wages in the Sacramento Valley, by 
contrast, are lower than in the Central Valley. 
The average wage for all workers with given 
qualifications and on a given job is 


E(w,) = aZ; + (bz + b,P)X, 
+ oN, + e®, 


(16) 


which shows the two components of the effect 
of labor contracting on the wage. The term b,® 
captures the difference in opportunity cost of a 
given worker X, under contractor and grower 
hiring. The last term measures an additional im- 
pact varying with the probability of being hired 
by a contractor from 0 to the maximum value 
of e = —3.38 dollars. 

This last effect comes from the difference be- 
¿ween the wages paid to workers with the same 
qualifications in the same job under the two 
contracts: 


E(w,|LC, =1)- E(w, LCa = 0) 
ge es 
pU- H 


The coefficient e is thus an overevaluation of 
the negative impact of the labor contracting sys- 
tem if o,,, is positive, and an underevaluation if 
the correlation is negative. Furthermore, for a 
positive correlation as we have found, the over- 
all effect will be negative only for sufficiently 
small values of the ratio p/[®(1 — y}. 

This ratio ¢/[®0 — P)] can be shown to have 
a U-shape, with a minimum at 4/\/27 when 
LC* = Q, and infinite value for LC* tending to 
infinity. Therefore, with positive o,,, corre- 
sponding values u and v exist such that 


= bX, t e + Ow 


p 


Ct Oi. 
1 — p) 


s06 |LC*| <p 
& |P— 5) <p. 


The econometric results of table 3 give e/a, = 
1.81, for which v = .34. In other words, for all 
workers with a probability of being hired by a 
contractor between 16% and 84%, their wage 
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under a contractor is below the wage that they 
could expect under direct hiring, beyond the dif- 
ferential opportunity cost they may have under 
the two systems. Because this range covers the 
large majority of the sample, we can conclude 
that wages under contracting are consistently 
lower than under direct hiring. 

This finding supports the hypothesis that con- 
tractors extract an equivalent amount of work 
from their employees at a lower direct labor cost 
than growers are able to achieve. On the one 
hand, they are compelled by competitive pres- 
sure to keep wages low. On the other, their abil- 
ity to recruit workers with a lower opportunity 
wage and their greater immunity from unioniza- 
tion reduce the contractor’s need to rely on pos- 
itive wage incentives to increase the level of work 
effort. 


Labor Policy, Contracting, and Expected 
Wages 


Some of the factors determining the probability 
of contracting and the level of wages, discussed 
above, are subject to influence by state policies. 
State and federal governments, in fact, have a 
history of involvement in shaping employment 
contracts in agriculture, most notably through 
the administration of the Bracero Program dur- 
ing and after the Second World War. California 
is also one of the few states with legislation es- 
tablishing collective bargaining rights for agri- 
cultural workers. 

The implications of immigration and labor re- 
lations policies for the contract and wage struc- 
ture of the farm labor market can be explored 
by comparing the expected wages of workers who 
differ in one or more of the characteristics af- 
fecting the probability of contracting and the wage 
for a given job and contract type. The results of 
the estimation are used to calculate expected 
wages from equation (16). 

The results are presented in table 4. The worker 
characteristics that vary in the table are union 
status and legal status. The jobs examined are 
deciduous tree fruit harvesting, vegetable har- 
vesting, and hoeing, with varying payment 
methods and locations. Among these, the high- 
est wages are for vegetable harvesting on the 
coast and the lowest for hoeing in the Central 
Valley. 

In each of the jobs examined in the table, ex- 
pected wages are lowest for undocumented 
workers who are not unionized. It follows that 
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Table 4. Expected Hourly Wages for Work- 
ers with Selected Jobs and Characteristics 


Union Nonunion 
Legal Illegal Legal Illegal 


Vegetable harvest, piece rate 


Central Valley 6.86 5.91 6.08 5.55 

Coastal region 8.90 8.18 8.00 7.35 
Deciduous harvest, piece rate 

Central Valley 7.22 6.40 6.29 5.64 
Hoe, hourly rate 

Central Valley 5.43 4.65 4.87 4.45 

Coastal region 7.19 6.65 6.51 6.04 


Note: Calculated for a male worker with 10 years of farm work 
experience and working for a large employer (peak employment = 
1). 


the Immigration Reform and Control Act of 1986 
should have the effect of increasing their wages 
for several reasons. First, the legal status of 
workers will increase their probability of work- 
ing for a grower, which also will increase their 
expected wage. Second, assuming effective en- 
forcement, a decline in the supply of undocu- 
mented workers will eliminate the contractors’ 
advantage in drawing from this labor pool, 
thereby increasing relative per worker costs and 
reducing the relative efficiency of recruitment 
under contracting. 

Unionization increases expected wages in each 
of the jobs examined, regardless of legal status. 
This is the combined result of a greater proba- 
bility of direct hiring for unionized workers and 
the positive union wage effect among grower 
employees. These factors overcome the nega- 
tive wage effect of union membership among 
contractor employees. Moreover, collective bar- 
gaining agreements usually restrict the use of 
contract labor even during seasonal peaks by 
obligating growers to hire through the union first. 
Thus, policies that promote farm labor union- 
ization are expected to reduce contracting and 
increase wages in farm work. 

Such policies are embodied in California’s 
Agricultural Labor Relations Act (ALRA), which 
establishes the right to collective bargaining and 
provides an institutional framework for govern- 
ing labor/management relations in agriculture. 
However, interpretation and enforcement of the 
ALRA are matters of political will. Without 
support from powerful employer organizations 
and labor to bring about acceptance of collective 
bargaining, it is unlikely that the share of union 
relative to contract labor will increase. 
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Conclusion 


Three main findings support the theoretical model 
of labor contract choice presented in this paper. 
First, the effects of supervision and seasonality 
are confirmed by the finding that the probability 
of contracting is lower in jobs such as irrigating 
or equipment operator positions where work 
quality has a greater effect on output and where 
the length of employment is greater. Second, the 
higher probability of contract employment for 
undocumented workers, nonunion workers, and 
those with fewer years of farm work experience 
demonstrates the advantage of contractors in re- 
cruitment of workers whose opportunity costs of 
seasonal farm work are low. It also reveals their 
preference for workers who are least likely to 
pose a threat to management control] of the labor 
process. Finally, the results show that, over a 
wide range, wages paid by contractors are lower 
than wages in direct hiring, net of differences 
in the distribution of jobs or workers between 
contract types. 

The production process for most crops in- 
volves activities of short and long duration and 
requires varying levels of labor quality. Grow- 
ers can, and the model predicts that they would 
be likely to, combine contract types over the 
growing season. Such a strategy would offer a 
further means of decreasing unity among work- 
ers, because differences in their wages, working 
conditions, and relationship to the grower would 
tend to isolate contracted from directly hired 
employees. Much more could be learned re- 
garding contract choice by observing these pat- 
terns of labor use on farms. 

The history of labor relations in agriculture 
has been marked by a sometimes intense strug- 
gle for unionization. This movement has chal- 
lenged management’s exclusive control of the 
labor process. The outcomes of the conflict are 
evident in the passage of the ALRA, improve- 
ments in working conditions, and the introduc- 
tion of benefits and higher wages for agricul- 
tural workers. However, they are also evident 
in increasing mechanization, continuing politi- 
cal pressures from grower organizations to 
weaken the ALRA, and increasing use of the 
contracting system to reduce the threat of union- 
ization. Neither the union movement nor the 
contracting system are likely to disappear from 
California agriculture. However, state policies 
that affect labor supply, such as immigration re- 
form, and policies that determine the rights and 
protections afforded organized farm labor affect 
the relative efficiency of contracting. Hence, they 
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have the potential to reduce contracting’s share 
of the farm labor market. 


[Received February 1999; final revision 
received October 1990.] 
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The Welfare Effects of Targeted 
Export Subsidies: A General 
Equilibrium Approach 


Mary Bohman, Colin A. Carter, and Jeffrey H. Dorfman 


A three-country model of export subsidies is developed with an exporter, an importer, 
and a neutral country which can act on either side of the market. When the neutral 
country is an exporter, the country offering a targeted export subsidy always suffers a 
welfare loss. However, when the neutral country is an importer, the possibility of a 
paradoxical result—that the subsidizing country can gain and the subsidized country can 
lose—~is shown to exist, and the conditions under which this result occurs are derived. 
The model fails to provide justification (on national welfare grounds) for widespread 
use of targeted export subsidies such as the export enhancement program. 


Key words: general equilibrium, international trade, policy, welfare. 


This paper provides a comprehensive analysis of 
the terms-of-trade and welfare effects of tar- 
geted export subsidies in a static three-country 
model of international trade. Our objective is to 
show the precise conditions under which a tar- 
geted export subsidy improves the welfare of the 
subsidizing country and the welfare effects for 
the subsidized and other importing and export- 
ing countries. Using a standard general equilib- 
rium trade model (Dixit and Norman, Bhagwati) 
we demonstrate that, although it is theoretically 
possible for targeted export subsidies to be wel- 
fare enhancing, such a welfare gain is unlikely. 
Similar models have been applied to agriculture 
by Abbott, Paarlberg, and Sharples; and Dutton. 

The theoretical results shed light on important 
policy issues because export subsidies have be- 
come an integral part of U.S. agricultural trade 
policy.’ A general equilibrium approach is taken 
in order to determine both the terms-of-trade and 
income effects associated with a targeted export 
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subsidy program. The income effect will be em- 
pirically important for developing countries which 
receive agricultural export subsidies. 

We build on the transfer literature where, for 
example, Bhagwati, Brecher, and Hatta show 
that transfer paradoxes (where the donor is made 
better off and the recipient is immiserized) oc- 
cur only when “foreign distortions” are pres- 
ent.” We examine the welfare impacts for the 
subsidizing, subsidized, and other importing and 
exporting countries. Precise relationships among 
market shares, import demand elasticities, and 
export supply elasticities are derived to dem- 
onstrate the conditions necessary for a targeted 
export subsidy program to benefit or harm the 
different groups of countries. 

The first section of this paper is a literature 
review. The second section develops the general 
equilibrium model employed to determine the 
welfare impacts of targeted export subsidies on 
all countries. Next, the effect of the subsidy on 
prices is investigated. The fourth section ana- 
lyzes the welfare impacts on each country. Fi- 
nally, a section discusses applications to empir- 
ical research, and then a summary section 
concludes the paper. 


* The term “foreign distortion” is taken from an earlier Bhagwati 
piece. If a country is not using an optimal tariff, Bhagwati has 
referred to this as a “foreign distortion.” While we agree with one 
of the referees that this is misleading terminology (because such a 
tariff will lower world welfare), we continue to use it te be con- 
sistent with past literature. 
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Previous General Equilibrium Analyses 


Global export subsidies are known to be welfare 
reducing in general, but special cases where they 
can be welfare increasing have been demon- 
strated by Brander and Spencer, Feenstra, and 
Itoh and Kiyono. Abbott, Paarlberg, and Shar- 
ples (APS) have examined targeted export sub- 
Sidies and found that they too can be welfare 
improving. As with the transfer literature, these 
cases can be shown to result from either do- 
mestic or “foreign distortions” (e.g., failure to 
exploit the optimal tariff). In the case of im- 
perfect competition, there also exist circum- 
stances when export subsidies are part of a first- 
best policy. 

Itoh and Kiyono use a model with three goods 
to show that subsidies on commodities which 
are marginal goods (defined as goods not ex- 
ported at all or exported in small quantities un- 
der free trade but whose exports can be pro- 
moted considerably by export subsidies) can 
increase the welfare of the subsidizing country. 
This occurs because of effects on the production 
structure. A subsidy on marginal goods causes 
their production to increase and the supply of 
nonmarginal goods to decrease, thereby raising 
the price of the nonmarginal goods and increas- 
ing the exporter’s terms-of-trade. The “distor- 
tion” in place is the failure to take advantage of 
the optimal tariff for the nonmarginal good. 

Feenstra presents a case where export subsi- 
dies increase the welfare of the subsidizing 
country in a three-good, two-country model. He 
demonstrates that it is possible for the pattern of 
substitutability and complementarity across the 
three goods to allow for subsidies to increase 
welfare. The necessary condition is that the sub- 
sidized export be a stronger substitute of another 
export good, or stronger complement of an im- 
port good, in the subsidizing country than abroad. 
The distortion in this case is the failure to ex- 
ploit market power in the second or third good. 
Feenstra points out that the gain in welfare re- 
sults from nonzero terms-of-trade effects in the 
first good. However, the subsidizing country must 
also be large in the good where it gains from 
the change in relative prices. Failure to exploit 
this market power creates a “foreign distortion.” 

The imperfect competition literature presents 
` a case for export subsidies as a first-best policy 
(Brander and Spencer). This occurs because, by 
allowing a firm to precommit to a higher level 
of output and therefore worsening the terms-of- 
trade, profits are shifted from the foreign to the 
domestic firm. These results are not robust to 
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changes in the nature of the strategic interde- 
pendence between the two firms. 

APS develop a general equilibrium model for 
targeted export subsidies and show that the wel- 
fare effect for the subsidizing country has an 
ambiguous sign. Therefore, a welfare improve- 
ment is possible as a result of a targeted sub- 
sidy. They also briefly outline some of the mar- 
ket conditions necessary for this result to occur. 
APS use a three-country model with a subsidiz- 
ing country, a targeted country, and the rest of 
the world. However, as Dutton points out, it is 
not clear from the APS paper why their para- 
doxical result arises. Dutton shows the APS re- 
sult arises because they first constrain the export 
tax to the rest of the world to be zero and it then 
becomes theoretically possible for the best ex- 
port tax to the targeted country to be negative. 
This is a second-best price discrimination strat- 
egy. In this case, the prohibition of export taxes 
results in too many exports to a country with 
less elastic demand. Therefore, a targeted ex- 
port subsidy to a country with elastic demand 
shifts exports out of the less elastic market. This 
result hinges not only on the differences in elas- 
ticities across importing countries, but also on 
the exporting country having market power in 
trade. 


The General Equilibrium Model 


The model employed here consists of three 
countries (a, B, and y) and two goods (X and 
Y). Both goods are produced and consumed by 
each country. The export subsidy is applied to 
good X, and it is assumed that free trade in Y 
exists. Country æ is always an exporter who of- 
fers an export subsidy to country y. Country y 
is always an importer with no border policies 
and is the recipient of the export subsidy on good 
X from country a. Country B, the neutral coun- 
try, is either an exporter or an importer and has 
no border policies. Country $ can be thought of 
as the aggregate of all the other countries. If B 
is composed of a group of individual countries, 
assumed to have no border policies, then there 
is no loss of generality in treating all trade flows 
entering or leaving the group as if they originate 
from or go to a single country. When country 
B is referred to as an importer, this is equivalent 
to the rest of the world being a net importer. 
Referring to country 8 as an exporter is equiv- 
alent to saying that country @’s exports are less 
than country y’s imports. In this case, the mar- 
ket will reassign the trading flows so that a ex- 
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ports only. to y as a result of the targeted export 
subsidy. Thinking of country 8 as a conglom- 
eration in this sense allows the concept of a tar- 
geted export subsidy in the three-country model 
to carry over to the case when $ is a net ex- 
porting region. 

The objective of the analysis is to determine 
the effect of the targeted export subsidy on the 
welfare levels of the three countries. The fol- 
„lowing notation is used in the model: q' is the 
relative price of good X in country i; w, the wel- 
fare level of country i; S, the per unit export 
subsidy on good X; e‘(q', u'), the expenditure 
function of country i; r(q), the revenue function 
of country i; and x(q, uÀ, the compensated 
net import demand function for good X by coun- 
tryi. 

‘The price linkages among the different coun- 


tries are crucial to the results obtained. ANEI 


are several cases which can occur: 
(i) Country £ is an importer. Country a@ pays 


a global subsidy to both B and y. The price link- . 


age equation is 
(1) g=q+S= 


(ii) Country ß is an importer. Country œ pays 
a subsidy for exports to country y but sells to 
- country 8 at the same price that prevails in a’s 


g tS: 


domestic economy. This is a targeted export 


subsidy case as in APS and Dutton, where, given 
market power by the exporter, the optimal pol- 
icy would be to price discriminate. In this case 
the exporter fails to fully price discriminate; 
therefore, the subsidy can be seen as a second- 
best price discrimination strategy. The standard 
requirement of separation of markets is as- 
sumed. The price linkage equation is 


(2) =g =g +s. 


(iii) Country B is another exporter. If country 


æ pays a subsidy on its exports to country y,- 


then country B also will sell to country y at this 
lower price in order to remain competitive. The 
price linkage equation is 


(3) 


Note that country 6 does not actually make a 
subsidy payment to country y. Country B selis 
at the prevailing world price which is defined as 
the price paid by the importer and not the do- 
mestic price in the exporting country. 

Cases (i), (ii), and (iii) are analyzed simul- 
taneously by writing the price linkage equation 
as follows: 


=q +S=q" +S. 


(4 
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g=q +S =g +S. 


I(B) is an indicator function. KB) = 1 when the 
neutral country’s domestic price matches the do- 
mestic price in country y. This occurs in cases 
(i) and (iii). I(B) = O when the neutral country’s 
domestic price equals the domestic price in the 
subsidizing country, œ. This takes place in case 
(ii). 

The three cases differ in their assumptions 
about the price linkages between different coun- 
tries and correspond to different trading pat- 
terns. Case (i), the general subsidy case, results 
in all trade taking place at one price. Country B 
receives a lower price due to the subsidy. In cases 
(ii) and (iii), only the selected importing coun- 
try y receives the subsidy and world trade oc- 
curs at two different prices. Each individual ex- 
porting or importing country will trade only at 
the most favorable price available. In case (ii), 
the subsidizing country will export to both the 
subsidized and nonsubsidized importing region. 
Exporting countries within the nonsubsidized 
region will only sell to nonsubsidized importing 
countries. The existence of two separate mar- 
kets rules out the possibility of arbitrage. In case 
(iii), the net exporting region (£) sells to the net 
importing region (y) at the subsidized price, 
which is also its domestic price since it has no 
border measures. The subsidizing exporter (a) 
sells only to the subsidized region. 

The model employs duality theory in terms of 
compensated demand functions. The format fol- 
lows Bhagwati, Brecher, and Hatta. As in their 
model, an overspending function is defined as 
follows: 


(5) 


The value of this function gives the difference 
between total expenditures and revenues. For the 
country imposing the subsidy it represents mi- 
nus the cost of the subsidy. The model can be 
written with four equations in four unknowns: 

a a B Y : r 
q”, u*, u’, and u”. The equations are as follows: 


(6) 


c(d, u) = el, u- ria), i= a, B, y. 


cg’, u“) + SEG — S, u”) 
+ KBP — — u”)] = 


cP — 1(B)S, uf) = 
cq" — S, w) = 0 


x*(q*, u) + x(q" — 1(B)S, uô) 
+ x(q" — S, u”) = 0 


(7) 
(8) 
(9) 


Equations (6) through (8) are the budget con- 
straints of the three countries. The subsidy cost 
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in equation (6) is based on the quantity sold by 
a at the subsidized rate. Equation (9) is the mar- 
ket-clearing equation for good X. By Walras’ 
law, the market-clearing equation for good Y can 
be omitted. The price linkage equation (4) can 
be used to solve for qf and q” once g* is known. 


Comparative Statics 


The price and welfare effects of changes in S in 
cases (i), (ii), and (iii) are analyzed through to- 
tal differentiation of the model. Throughout the 
paper, subscripts are used to indicate partial dif- 
ferentiation with respect to a variable. For ex- 
ample, x; = 0x"/dq. We assume without loss 
of generality that eZ = ef = e! = 1 initially. In 
addition, S = O initially. Using Shepard’s lemma 
we know that c} = x’, where x' is the net import 
demand of country i. Finally, define x, = x; + 
xË + xl. The differentiated system can be writ- 
ten as follows: 


x 1 0 O dg” 
(10) 0 1 0 du“ 
xX 0 0O 1] |dé 
Ki Ma xP ox? | | du? 
—I(B)x? — x? 
I(B)x? 
= ds. 
x? 
xy + KB 


Applying Cramer’s rule to this system we obtain 
the following results, where A = —(x, — 
xx — x88 — xx?) and i, = (x; — xX) is the 
partial derivative of the Marshallian import de- 
mand function with respect to the relative price. 


(11) dq*/dS = —{€} + (B)x, 
+ xua” + 1(B)x")}/A, 
(12) du*/dS = —{x"A + x" + BE 
+ xŒ” + 1(B)x")]}/A, 
(13) du®/dS = {x®[(B)A — 2 - KBX 
= xu + BeA, 
(14) du’/dS = {PIA — Z — (PÈ 
— xu” + 1(B)x")I}/A. 
The denominator of each expression is the de- 


terminant of the (4 xX 4) matrix in (10). This 
determinant, A, equals minus the slope of the 
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Marshallzn general equilibrium global excess- 
demand schedule of good X. If we assume that 
the systen is stable, then the Marshall-Lerner 
condition implies that A > 0. 


The Effect on Prices 


In a parial equilibrium model, all results are 
caused ty price (or terms-of-trade) effects. In 
contrast, the results of a general equilibrium 
model arz also influenced by income effects. It 
is useful to analyze the price (terms-of-trade) ef- 
fects separately. This clarifies the role that 
changes in prices and the terms-of-trade play in 
determiming the welfare effects of targeted, and 
general, subsidies. At the same time, we have 
to remind ourselves that this is only part of the 
story. 

The export subsidy’s effect on prices can be 
investigeted using equation (11). It is important 
not to irterpret the domestic price as the world 
price because there is no case where all world 
trade takes place at q”. In case (i), with a gen- 
eral subsidy and case (iii), with two exporters, 
all trade (although not all domestic sales) occurs 
at q7 — S. In case (ii), with a targeted subsidy 
and one exporter, only a portion of trade takes 
place at q“. 


Case (id) 


In this case, B is an importer and a offers a tar- 
geted export subsidy to y. The relative magni- 
tude of the Marshallian income effects in coun- 
tries a and y determines whether dg*/dS is 
positive. To see this, rewrite (11) as 


(15) €q°/dS = —tx}) — x’@] — x) 
ACP) xe ee, e/a 


Recallimg that in case (i) (8) = 0, a sufficient 
condition for dg*/dS to be positive is that x? is 
greater than or equal to x;. Note that because 
e, 1s defined to equal 1 at the point in question, 
x, equéls the Marshallian income effect. Intu- 
itively, dg*/dS > 0 requires that the increase in 
demanc in the subsidized country exceeds the 
reduction in demand in the subsidizing country 
as a result of the changes in each country’s do- 
mestic price. 


Cases i) and (iii) 


In case (iii), the targeted export subsidy with 
two exporters, the sufficient condition for dg*/ 
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dS to be positive is that x; > x, > xÊ. This can 
be seen in equation (15), remembering that x? 
is negative for this case. In addition, when £ is 
an exporter the value of dqg*/dS is always less 
than one, since (11) can be rewritten as 


(16) dg? /dS = 1 + x2/A. 


Continuing with case (iii), the effect of the 
subsidy on prices in @ is more positive as a’s 
share of the export market declines. This results 
from the fact that as a becomes more of a price 
taker, its actions have less impact on the inter- 
national market. Algebraically, this can be seen 
by expressing dg*/dS in terms of elasticities and 
market shares. First, define e* as the price elas- 
ticity of demand for country a’s exports and e€” 
as the price elasticity of the world excess de- 
mand function for the case where only country 
y is an importer (€* = x$(q/x*) and e” = A(q/ 
x’)).° Further, let x be country a’s share of the 
export market; with B an exporter, this implies 
that k = x*/(x* + x*). The necessary and suf- 
ficient condition for dq“ /dS to be positive is that 
e" < €”/x.* As country B exports more, the right- 
hand side of the elasticity inequality becomes 
larger (as k becomes smaller) and the condition 
is more easily satisfied (since both elasticities 
are defined to be positive). 

In case (i), the global subsidy, a sufficient 
condition for dg*/dS to be positive is that both 
x? and x? are greater than x*. The condition on 
the magnitudes of the income effects in œ and 
B switches direction in case (iii) because B is 
an importer. 


Welfare Effects 


To analyze the welfare effects that are caused 
by the subsidy, equations (12) through (14) are 
rewritten below in terms of dg*/dS and the 
quantities traded. 


3 Note that a single price, g, can be used here since all expres- 
sions are being evaluated around an initial subsidy level of zero. 
* The proof of this result is as follows: 
From eq. (16): (dq*/dS) = 1 + x9 /A. 


Thus, we want 
(dq"/dS) = 1 + x7/A> 0, 
1+ x3/4> 0, 
xg/4 > —l, 
xe ae i T 
xi > —Ag, 
xilga) < -A(q/x*), 
E7 < —A(q/x*), 
ev < ~ACq/270" /22), 
E% < E” xX"), 
e7 < —e"([—x" — x°]/x°), 
e° < ~e"/(x"/[—2" — xf], 
E% < e”/k. 
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(17) du“ /dS = —(x + 1(B)x*) — x%(dq* /dS), 
(18) du’/dS = x"{I(B) — (dq*/dS)} 
= —x"(dq’ /dS), 


(19) du’/dS = x" — dq*/dS) 


= —x(dq"/dS). 


These equations highlight the role of the change 
in the terms-of-trade. The welfare result in 
equation (17) is composed of an income effect 
and a terms-of-trade effect. In equations (18) and 
(19) the welfare effect depends entirely on the 
terms-of-trade effect because these countries in- 
cur no subsidy costs. 


Effects on the Subsidizing Country 


The welfare of the subsidizing country always 
falls when the neutral country is an exporter. 
However, the welfare effect is ambiguous with 
a targeted subsidy when the neutral country is 
an importer. 


Cases i and iii. In cases (i), a global subsidy, 
and (iii), where the neutral country is an ex- 
porter, —(x” + 1(B)x°) equals x“. For these two 
cases, the welfare loss can be seen by simpli- 
fying (17) when /(B) = 1 to 


(20) du*/dS = x°(1 — dg*/dS). 


Therefore, utilizing equation (16) which shows 
that dg“/dS is less than one when /(B) = 1, du*/ 
dS is unambiguously negative with a targeted 
subsidy when country B is an exporter and for 
a global subsidy. Thus, we conclude that for both 
cases (i) and (iii), du*/dS < 0. As in the case 
of the two-country model of standard trade the- 
ory, offering a general subsidy is always wel- 
fare decreasing in the three-country case both 
when offered to all countries and when a sub- 
sidy is targeted to one importing country in the 
presence of another exporter or net exporting 
group. 


Case ii. In case (ii), with the neutral country 
an importer, the possibility arises of a paradox 
where the subsidy causes welfare in the subsi- 
dizing country to rise. Using equation (17) the 
necessary and sufficient condition for du*/dS to 
be positive when the third country is an importer 
is that dg*/dS > A where A is y’s share of world 
imports, À = x /(xf + x”). Thus, as the share 
of a’s exports to y increases (and, conse- 
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quently, the share to country 6 decreases), du*/ 
dS tends to be negative because A increases. This 
occurs because country @ is exploiting 6 through 
the targeted subsidy to y. The larger B’s share 
of country a@’s exports, the more opportunity to 
earn extra revenue by the price discriminating 
effects of a targeted subsidy, and the more likely 
that country a’s subsidy will be welfare im- 
proving. 

The ambiguous sign of du*/dS for case (ii) 
can be explained by the fact that the exporter is 
failing to take advantage of its market power in 
good X. The use of the subsidy captures some 
of the benefits of a’s power in B’s and y’s mar- 
kets but still leaves country a with less than the 
maximum attainable welfare. In a similar man- 
ner to the case of transfers, the paradox arises 
from the presence of a “distortion” (the failure 
to exercise market power). See Dutton for fur- 
ther clarification of this result. 


Effects on the Neutral Country 


The expression in (18) for country f’s welfare 
change can be interpreted solely as a terms-of- 
trade effect. The welfare of the neutral country 
falls when the change in its terms-of-trade is un- 
favorable. 


Cases i and iii. Country a’s decision to offer 
a subsidy reduces not only its own welfare but 
also that of all other exporters. The effect of the 
subsidy depends on whether the neutral country 
is an exporter or an importer. Remembering that 
1(8) = 1 for both cases (i) and (iii), in case (i), 
with a global subsidy, B’s welfare improves. In 
case (iii), with a targeted subsidy when £ is an 
exporter, dg*/dS < 1 by equation (16), and £ 
must suffer a welfare loss as a result of the sub- 
sidy offered by a. The change in sign of the 
welfare impact on country 6 is caused by the 
switch in sign of xf, the net import demand of 
country B, between the global subsidy, case (7), 
where 8 is an importer and case (iii) where B 
is an exporter. Country a@’s decision to offer a 
subsidy reduces not only its own welfare, but 
also that of all other exporters. 


Case ti. In case (ii) country ß is an importer 
not receiving a’s targeted export subsidy. By 
equation (18) du’/dS equals minus net imports 
times the change in the price of its imports due 
to the targeted subsidy. In this case the price in 
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B is equal to the price in a, therefore country B 
is made worse off if and only if dg*/dS > 0. If 
country 8 is made better off, country œ must 
suffe- a boss in welfare. The exact necessary and 
sufficient condition for dg*/dS < 0 can now be 
expressed in terms of elasticities to help in a later 
comparison of the welfare changes in £ and y. 
Thus, for case (ii), du’/dS > O if and only if 


(21) Ga T a) E. 


In (Z1), e” is the (positively defined) elasticity 
of deméend for good X in country y, © = 
—xi(q/x"). This specification agrees with the 
sufficient condition for dg*/dS concerning the 
directior of the price change (xj > x7) but ex- 
tends it to the necessary and sufficient condi- 
tion. This, as an importer, country 8 suffers a 
drop in utility when the domestic price in coun- 
try a rises. 

Wren it is an importer, B is the country most 
affected by the difference between a targeted or 
a gereral subsidy from a. Country B would ben- 
efit from a global subsidy which would lower 
the price of its imported good but will normally 
lose if a only offers a targeted export subsidy 
to y- 


Effects an the Targeted Country 


In general country y’s welfare increases as a re- 
sult of the subsidy. Only in case (ii) when B is 
an importer is the paradoxical result that y is 
immaserized by the targeted subsidy from @ pos- 
sible. As in the case of country B, the welfare 
change in country y is a straightforward terms- 
of-trade effect. Irrespective of whether f is an 
importe: or an exporter du’/dS is positive if and 
only if dg’/dS is negative, representing a terms- 
of-trade gain. 


Casecr i and iii. In case (iii) when country 
B is an exporter, country y’s welfare improves 
with a subsidy. Equation (16) shows that 
[1 — (€q*/dS)] must be positive for case (iit) 
which ensures that y is made better off. As in 
the case of subsidies in the classical two-country 
mocel of trade, in the presence of another ex- 
porter, the importing country cannot be immis- 
erized by the subsidy. The result also holds for 
case (i|, the global subsidy. 


Case ti. In this case, when the neutral country 
is an importer, the possibility of a paradoxical 
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result exists. If dg*/dS is greater than unity, then 
country y is immiserized. Returning to the ear- 
lier elasticity representations, the necessary and 
sufficient condition for this to occur when £ is 
an importer is” 


(22) Q(x — Xu) > (e"/A) — Ë. 


The price elasticity of the Marshallian world ex- 
cess demand (defined to be positive) is given by 
e” = Alg/(x® + x”)] to reflect the fact that 
country 8 is an importer, €” = —x}(q/x’) as be- 
fore, and A is, as above, the share of total world 
imports imported by the targeted country, A = 
x’/(x’ + x”). The paradoxical result of y being 
made worse off by a subsidy can occur if and 
only if there exists a large difference in the in- 
come effects of countries a and y. 

The condition in (22) can be rewritten as fol- 
lows to offer additional intuition. 


(23) to bales GO, a eo. 


From (23) it can be seen that a large income 
effect in a will make the paradox more likely. 
The result is similar to the Metzler paradox. Re- 
call that the x functions are net import demand 
functions. The subsidy initially results in the im- 
port price falling in y and a rising in £. If the 
rise in the import price has a small impact on 
B’s net import demand (due to small price and 
income effects), then @’s exports to B will not 
fall much. This condition, combined with the 
increased (subsidized) exports to y, causes do- 
mestic supply in @ to fall and increases the do- 
mestic price. If the domestic price increases 
enough, even the subsidized price will be above 
the pre-subsidy price level; this scenario results 
in the immiserization of country y. 

The conditions necessary for the paradoxical 
-~ result that y is made worse off precludes the 
subsidy improving $’s welfare. A comparison 
of (21) and (22) shows that in case (ii) when 
country 6 is an importer, the condition for B to 
be made better off from being (price) discrim- 
inated against (i.e., not receiving a subsidy) can 
be met if and only if the subsidy is welfare in- 
creasing for country y. This result follows from 
the fact that a can only gain utility if dqg*/dS > 
A, which is positive by definition. Equation (18) 
shows that if dg*/dS > 0, then du®/dS is neg- 
ative when £ is an importer. It can also be shown, 
using (17) and (19), that if œ loses utility from 
the subsidy, then y must gain utility. This oc- 


> Because $ = 0, g? = af = q” = q. We need only q’ for dif- 
ferentiation, e.g., dq*/dS. 
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curs because when a loses utility dg*/dS < A 
< 1, and from (19) this implies that y must gain 
utility. Therefore, in the unlikely, but possible, 
event that y suffers a loss in utility by receiving 
a subsidy, æ will gain utility and B will lose util- 
ity. The above comparison of du*/dS to A al- 
lows a simple proof by contradiction of this last 
result. 


Summary of Comparative Static Results 


The price and welfare effects of the three cases 
above are summarized in table 1. Case (i) rep- 
resents a global subsidy to both the neutral and 
subsidized country; case (ii) represents a tar- 
geted subsidy to the subsidized country, with the 
neutral country as an importer; case (iii) rep- 
resents a targeted subsidy to the subsidized 
country with the neutral country as an exporter. 
The price effects are summarized in the top panel 
of table 1 and the welfare.effects in the bottom 
panel. 


Implications for Policy and Empirical 
Research 


The results from the general equilibrium model 
can be used to evaluate recent empirical re- 
search on export subsidies for U.S. agricultural 
products. Empirical applications have generally 
been partial equilibrium in nature and most have 
focused on the U.S. Export Enhancement Pro- 
gram for wheat. In general, welfare calculations 
are not made. This section discusses the con- 
clusions from the theoretical model that apply 
to policy issues and empirical research and eval- 
uates some recent models. 

Changes in the terms-of-trade can be used to 
infer welfare results for the different groups of 
countries. Equations (17)—-(19) show that the 
changes in welfare hinge on changes in the terms- 
of-trade for each country. The empirical models 
often calculate changes in the terms-of-trade but 
report only changes in total revenue and not price 
changes. Given the importance of the terms-of- 
trade to welfare changes, future research should 
report this result. 

The theoretical results also show the impor- 
tance of the share of the market -which is sub- 
sidized. The A and x parameters representing 
market share appear in the welfare conditions 
summarized in table 1. Recall that A is y’s share 
of world imports when £ is an importer, and x 
is a’s share of the export market with 6 an ex- 
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Table 1. Summary of Welfare Results 
Country Case i Case ii Case iii 
Price Effects 
dq°/dadS > 0 if 
Exporter(a@) RS Soe pale ae oi E < ejk 
Welfare Erfects 
du'/dS > 0 if 
Exporter (a) Never dq" /d&>x% Never 
Neutral (8) Always Ex — xT) > & Never 
Subsidized (y) Always r Always 


€ 
rau — Xn) > eka 





Nozes: Case i: global subsidy to both the neutral ( p) and subsidized (y) countries; Case ii: targeted subsidy to y, with 8 an importer; 
Case i iti: targeted subsidy to y, with 8 an exporter. x, is Marshallian income effect; €" is price elasticity of demand for country a's exports; 
e” is price elasticity of demand of the world excess demand function; « is exporer’ s (x’s) share of the export market for case iii; A is 
sutsidized country’s (y’s) share of imports for case ii; and e€” is absolute value œ price elasticity of demand in subsidized country (y). 


Asterisk indicates it cannot happen simultaneously. 


porter. In the case of the EEP, the percentage 
of U.S. exports receiving subsidies has grown 
over time to the point where in 1988, EEP sales 
approached 29 million metric tons (mmt), which 
was 70% of U.S. wheat sales. The results of any 
model designed to analyze the program are sen- 
sitive to the time period chosen. Therefore, the 
possibility of an increase in U.S. welfare from 
the EEP has fallen over time and the results in 
Seitzinger and Paarlberg (1990), for example, 
are probably no longer valid. ` 

Results from the theoretical model may not be 
directly comparable to those from various em- 
pirical models because of different underlying 
assumptions. The theoretical model presented in 
this paper assumes perfect competition and no 
other policy intervention besides the export sub- 
sidy. The price linkage equations reflect these 
assumptions and result in specific trade flows. 
The different trade flows that have occurred with 
EEP could reflect the fact that the world wheat 
market is not perfectly competitive. Also, the 
theoretical model does not incorporate policies 
other than export subsidies. Results from em- 
pirical models which contradict the theoretical 
welfare effects could occur because of the way 
that stocks, support prices and other policies are 
modeled. General welfare effects cannot be de- 
rived if other distortions exist. 

APS used a spatial equilibrium model to cal- 
culate optimal targeted export subsidies. They 
found that small subsidies resulted in a small 
welfare gain relative to free trade for the sub- 
sidizing country. This is consistent with the the- 
cretical result that welfare-improving targeted 
subsidies occur under constrained price discrim- 
ination in our case i. 


Seitzinger and Paarlberg (1990) analyze quar- 
terly EEP sales using a game theory approach 
and a spatial equilibrium model. They do not 
calculate overall welfare effects. However, they 
do calculate changes in the terms-of-trade for 
the Unred States and changes in total revenue 
for othe: exporters. They estimate that the U.S. 
border price is higher with EEP for October to 
Decemter 1985. This result could only be sup- 
ported by our theoretical results if the share of 
EEP sakes in total U.S. exports was small. 

Haley used a spatial equilibrium model to 
analyze the effect of the EEP in 1986/87 but 
did not calculate welfare changes. In Haley’s 
model, subsidies exist with shared markets be- 
tween the subsidizing exporter and nonsubsidiz- 
ing exporters. He found that subsidies lowered 
the prices received by competing exporters which 
agrees with our theoretical result. Similarly, to 
Seitzinger and Paarlberg (1990), he finds the U.S. 
export price rises, which is possible but not 
probable, given our theoretical results. 


Conclusions 


This paper analyzes the welfare impacts of tar- 
geted export subsidies using a three-country, two- 
good model. The commercial policies of each 
country and its position in the world market (ex- 
porter or importer) are exogenous to the model. 
One country subsidizes its exports, and there is 
a recipient and a neutral country. The results show 
that the neutral country’s market position (im- 
porter Dr exporter) and its market share influ- 
ence tte welfare results for all countries. The 
effect of the subsidy on the domestic price in 


Bohman, Carter, and Dorfman 


the country offering the subsidy, the slopes of 
the various excess demand functions, and the 
magnitudes of the income effects are all impor- 
tant to the welfare results. 

When the neutral country is an exporter, the 
subsidizing country must suffer a loss of welfare 
as a result of offering a targeted subsidy. Fur- 
ther, as an exporting country, the neutral coun- 
try must suffer a loss in welfare while the sub- 
sidized country benefits from the subsidy. With 
two importing countries, a targeted export sub- 
sidy reduces the welfare of the subsidizer unless 
targeted toward a country with a small market 
share and/or a higher than normal income elas- 
ticity of demand. . 

In general, the qualitative effects of a targeted 
export subsidy differ little from a general sub- 
sidy. A targeted subsidy imposes less of a wel- 
fare cost because it is offered to only part of the 
market. However, if an exporter is in a position 
such that it can gain through offering a targeted 
subsidy, then it should take full advantage of its 
market power and price discriminate using ex- 
port taxes if it chooses to maximize its welfare 
by abandoning free trade to a beggar-thy-neigh- 
bor policy (see Dutton). 

Export subsidies have been shown to be 
similar to (international aid) transfers. As dem- 
onstrated in Bhagwati, Brecher, and Hatta, a 
three-country model is essential to finding the 
paradoxical results where the country being 
granted aid in the form of a transfer or subsidy 
is actually immiserized by it. The neutral third 
country is crucial because this paper has shown 
that such a paradox can exist only when the third 
country is an importer and is not receiving the 
subsidy. Similarly, in the Bhagwati, Brecher, 
and Hatta case, a transfer can only immiserize 
the recipient country when the neutral country 
is an exporter. The case of targeted export sub- 
sidies also mirrors the case of transfers in that 
only one of the two importers benefits from the 
subsidy while the other loses welfare. Thus, when 
the subsidized country is immiserized, the neu- 
tral country benefits. In a final parallel to the 
transfer case, it is possible for the neutral coun- 
try to lose welfare while the subsidized and sub- 
sidizing country both gain welfare. This case is 
an exact analogy to what Bhagwati, Brecher, and 
Hatta refer to as the “invisible shakedown.” 

Targeted export subsidies for agricultural ex- 
ports have been used extensively by the United 
States since 1985 in order to regain market share. 
However, the model presented in this paper fails 
to provide justification (on national welfare 
grounds) for the widespread use of targeted ex- 
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port subsidies. Instead, the results of this paper 
suggest that a targeted export subsidy program 
is likely to be suboptimal trade policy. In ag- 
ricultural trade, the neutral countries tend to be 
net exporters, and thus the United States stands 
to lose welfare as a result of targeted export sub- 
sidies. 

The result that the welfare of the subsidizing 
country falls as the share of the subsidized mar- 
ket increases argues against expansion of cur- 
rent programs. The growth of export subsidy 
programs over the past few years has been at 
the expense of national welfare. One caveat is 
the use of subsidies as part of strategic trade pol- 
icy to induce other exporters to change their trade 
policies. This dynamic, multiperiod strategy is 
not incorporated into the static model used in 
this paper. 

This paper also demonstrates why exporting 
neutral countries have objected so strongly to 
subsidy programs. The EEP was originally de- 
signed to punish the EC for their export subsi- 
dies (as explicitly modeled by Seitzinger and 
Paarlberg). The U.S. Department of Agriculture 
claimed that other exporters would not be dam- 
aged. However, Canada and Australia imme- 
diately recognized that U.S. export subsidies 
adversely affected their terms of trade. Their 
complaints are supported by the results of this 
model. 


[Received October 1989; final revision 
received October 1990.] 
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The Costs of Indonesian Sugar 
Policy: A Policy Analysis Matrix 


Approach 


Gerald C. Nelson and Martin Panggabean 


Indonesian sugar policy is a complex web of contradictory policies, including 
mandatory production, price supports, and fertilizer and credit subsidies. The policy 
analysis matrix (PAM) was developed by Monke and Pearson to provide a more 
complete perspective on social profitability and the divergence between private and 
social costs than other commonly used social cost-benefit measures. The PAM is used 
to analyze the effects of Indonesian sugar policy on sugar production in irrigated and 
dryland areas on Java, the main sugar-producing region in Indonesia, and to identify the 


distribution of resource transfers. 


Key words: food policy, Indonesia, policy analysis matrix, social cost-benefit analysis, 


sugar. 


Policy analysts who use the tools of applied 
welfare economics face the challenge of pre- 
senting their results to policy makers who have 
little time to spare and varying degrees of ana- 
lytical sophistication and training in welfare 
economics. Hence, a central part of theoretical 
efforts in this field has been the search for the- 
oretically correct and easily understandable 
summary measures of policy impacts on social 
welfare. Two types of summary measures have 
been developed. One strand of analysis focuses 
on the private and social costs of public sector 
investment. Popular measures in this area in- 
clude the net present value (NPV), and the eco- 
nomic internal rate of the return (EIRR). (See 
Gittinger for a widely used reference to these 
measures.) The second strand of analysis fo- 
cuses on the static effects of price-distorting 
policies. Popular measures of the effects of price 
policies include the effective protection coeffi- 
cient (EPC) (e.g., Corden, Balassa and Schyd- 
lowsky) and the domestic resource cost of for- 
eign exchange (DRC). (See Krueger, and Bruno 
1967 for the original statement, a series of ar- 


The authors are an assistant professor and a doctoral candidate, 
respectively, Department of Agricultural Economics, University of 
Nlinois. 

They would like to thank Sam H. Johnson for comments on an 
earlier draft, Laurian J. Unnevehr for substantive and editorial as- 
sistance throughout the process of preparing this paper, and three 
anonymous reviewers. As always, the standard disclaimer about 
responsibility applies. 


ticles in the Journal of Political Economy in the 
early 1970s, e.g., Bruno 1972, and Pearson, 
Akrasanee, and Nelson for a restatement and use 
in an agricultural context.) 

Each of these measures has advantages and 
disadvantages, depending upon the type of anal- 
ysis conducted. However, the danger with any 
summary measure is that it may summarize too 
much, and important results of the analysis go 
unnoticed. A new technique, the policy analysis 
matrix (PAM) addresses this problem (Monke 
and Pearson). The PAM was developed by 
Pearson et al. and grew out of a history of pol- 
icy analysis using the DRC approach (e.g., 
Pearson and Cownie, Pearson et al., Falcon et 
al.). The basis of the PAM is a set of profit and 
loss identities that are familiar to any businiess- 
man. One strength of the PAM is that it allows 
varying levels of disaggregation. Another is that 
it makes the analysis of policy-induced transfers 
straightforward. Finally, the PAM makes it pos- 
sible to identify the net effect of a set of com- 
plex and contradictory policies and to sort out 
the individual effects of those policies. As the 
intellectual successor to the DRC and NPV cal- 
culations, the PAM also suffers from some of 
their weaknesses. Principal among these is the 
assumption of fixed input-output coefficients 
(although Monke and Pearson argue that it is 
possible to introduce supply response parame- 
ters into the PAM). Production is characterized 
by a series of techniques, each of which has fixed 
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input-output coefficients and represents some 
share of the total production. 

Analysis of the Indonesian sugar sector is an 
ideal candidate for use of the PAM. While In- 
donesian policy makers have a deserved repu- 
tation for managing their economy well, the In- 
donesian sugar sector is a conspicuous exception 
to that record of good economic policy. This pa- 
per uses the PAM to examine the social cost of 
achieving (at least through the late 1980s) the 
policy goal of self-sufficiency in sugar produc- 
tion. Four sets of policy instruments contribute 
to that social cost. 

In the next section, a brief history of Indo- 
nesian sugar cultivation and description of cur- 
rent policies is presented. The third section pro- 
vides a summary of the policy analysis matrix 
approach and discussion of data and modeling 
assumptions. The fourth section presents results 
and the final section some concluding remarks. 


A Brief History of Sugar Cultivation, 
Trade, and Policies in Indonesia 


Sugar is a processed form of sugarcane (Sac- 
charum officinarum), a plant that originated in 
New Guinea.’ The dispersion of sugarcane from 
New Guinea followed three routes, one of which 
passed through Indonesia. It seems likely that 
sugarcane has been grown in Indonesia at least 
since 1 A.D. (Husz, Blackburn). 

Before the seventeenth century, sugar exports 
were small compared with spice exports, the 
primary reason traders came to Indonesia. The 
importance of sugar in Indonesia changed in 1830 
when the Dutch colonists introduced the Cultuur 
Stelsel (translated freely as the Cultivation Sys- 
tem) which was so successful that it became the 
mainstay of the Netherland’s prosperity (see for 
example, Sievers for a description of the Cul- 
tivation System). The central element of the 
Cultivation System was that farmers were forced 
to provide land and labor to produce export crops. 
Production decisions were made by the colo- 
nialists and their employees. In 1870, the Dutch 
parliament passed the Sugar Act, which re- 
moved sugar from the Cultivation System, and 
the Agrarian Act, which institutionalized the 
practice of long-term leases of land for culti- 
vation of crops for export. The “Glebagan” sys- 


lin Indonesia, the word “sugar” is used to refer to various kinds 
of sweeteners, some of which came from plants other than sugar- 
cane. In this paper, however, sugar means a refined, white sugar 
processed from sugarcane. 
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tem arose from these changes. Under this sys- 
tem, farmers near a sugar mill were required to 
lease the.r land to the mill for one year in three. 

By 1930, Indonesia was the world’s second 
biggest sugar producer and exporter after Cuba. 
The 1939 Depression began the decline in the 
Indonesian sugar industry as the bottom dropped 
out of world demand. Efforts to rejuvenate pro- 
duction efter the Depression were halted by World 
War II. The Japanese occupiers destroyed many 
sugar mills, and the Indonesian war of indepen- 
dence (1945—49) also saw more destruction of 
sugar m_lls. 

Although the Glebagan system remained in 
effect after the war, the need to increase food 
production, especially rice, after independence 
made it difficult for sugar mills to continue the 
prewar practice of managing cane production on 
land leased from smallholders (Mubyarto 1969), 
To assure an adequate supply of cane, mills be- 
gan to rely on independently grown smallhold- 
ers’ care. For the first time, smallholders es- 
tablishe1 an important role as cane suppliers. 

Begirning in 1952, a series of legislative re- 
forms were passed in an attempt to remove some 
of the inequities associated with the long-term 
lease provisions of the colonial Agrarian Law 
(Soetrisno, Mubyarto 1969). These culminated 
in the TRI system, described below, in 1975. 

The first half of the 1970s saw a sizable re- 
covery in cane production with average annual 
sugar cutput of 840,000 metric tons, almost 
200,000 metric tons larger than production for 
most o: the 1960s (table 1). This growth was 
due to two factors (Mubyarto 1977), an increase 
in yielés and area expansion induced by move- 
ments m sugar and rice prices and an increase 
in areas designated for sugar production. But an 
importent source of these improvements lies in 
the chenge of government and the improved 
economic environment after 1965, which led 
to improvement in roads, other infrastructure, 
administration, and management efficiency. 

The compulsory leasing of farmland to mills, 
a crucial element of the Glebagan system, was 
elimineted in February 1975, when the govern- 
ment issued Presidential Instruction No. 9. This 
new law was designed to encourage farmers, 
rather zhan mills, to manage the sugar produc- 
tion on their land. The new program, called the 
Smallholder Cane Intensification Program and 
known. by its Indonesian acronym, TRI, in- 
volved a package of credit and inputs. Instead 
of leas_ng land to the mills, farmers were forced 


‘to cult:vate cane periodically to ensure an ade- 


quate supply of cane to the mills. 
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Table 1. Area, Production, and Yield of Sugar on Java (Average of Selected Years) 


Area Production 
Year (000 ha) (000 ton) 
1954—59 63 697 
1960-69 gi 644 
1970-74 92 859 
1975-79 138 1,118 
1980-84 244 1,485 
1985-87 310 1,959 


Sugar Yield (off-Java area) 
(mt/ha) (000 ha) 
11.1 NA 
8.0 NA 
9.3 NA 
8.1 NA 
6.1 24.4 
6.3 66.4 


Source: Mubyarto (1969, 1977) for years before 1970. After 1970 from Balai (later Pusat) Penyelidikan Perusahaan Perkebunan Gula, 
Laporan Takunan, various years. Includes only cane grown for granular sugar production. 


The main features of the TRI system, which 
remains in place today, are as follows: (a) 
Farmers whose land is in a designated cane pro- 
duction area are required to cultivate cane, but 
in not more than two consecutive seasons. After 
that period, they are allowed to cultivate other 
crops until their land is again designated for cane 
production, typically after two years.” (b) Farm- 
ers are provided with credit at subsidized inter- 
est rates (12%) by Bank Rakyat Indonesia (BRI). 
This credit is given in four tranches according 
to the stages of cultivation and is for both inputs 
and living allowances. (c) Farmers are required 
to use seeds, pesticides, and fertilizers distrib- 
uted by the mills. (d) Farmers are required to 
submit all of their cane production to the mills, 
and the milis are required to accept and process 
it. (e) Payment is determined by the rate of ex- 
traction of sugar from the cane (for the typical 
extraction rate of 8%, farmers receive 55% of 
sugar output). All of the farmers’ share is bought 
by the government at prices announced at the 
beginning of the planting season. Farmers re- 
ceive payment in cash net of loan repayment. 

After the TRI program was implemented, cane 
cultivation expanded to new areas not previ- 
ously utilized for cane production. Cane grown 
on irrigated land grew at an average annual rate 
of 8.52% during the 1980—86 period, while dry- 
land cane area (including land off-Java) grew at 
an annual average of 12.30%. Since 1984, dry- 
land cane-area has been larger than irrigated cane 
area (Tim Survai [Anonymous]; see also Brown 
for a more extended description of efforts to ex- 
pand sugar production off-Java). 


*As a grass, new cane can sprout from roots left in the ground 
after the first crop is cut. A typical rotation might be to plant cane, 
harvest the first crop 16 months after planting, allow new cane to 
grow from the old crop roots and harvest the second, “ratoon” crop 
12 months after the first harvest. Sugar yields typically decline 
markedly after the second crop. 


Sugar Marketing and Price Control 


The history of sugar marketing in Indonesia is 
checkered by failed experiments with different 
forms of state/private management. The first 
collective sugar-marketing body, NIVAS (Ned- 
erlandsch Indische Vereniging voor de Afzet van 
Suiker), was established in 1931 by all of the 
sugar mills to secure overseas markets during 
the world depression (Mubyarto 1969). NIVAS’ 
other functions were securing the collection of 
duties imposed on sugar and control of domestic 
consumption to maintain export levels (Soe- 
trisno). 

When the sugar mills were nationalized in 
1957, NIVAS stopped functioning. As with pro- 
duction regulations, government policies with 
respect to processing underwent many changes 
during the 1960s and early 1970s. By the early 
1970s, the government agencies in charge of 
processing and marketing were (Soetrisno): (a) 
Ministry of Agriculture, whose responsibility was 
to manage the state-owned sugar mills’ produc- 
tion; (b) Bank Bumi Daya, which acted as the 
milis’ creditor and sugar stockholder and was 
responsible for financing; and (c) BULOG (the 
National Logistics Agency), which was respon- 
sible for procurement, distribution, and market- 
ing of all sugar. 

In 1980, the government issued a decree stat- 
ing that beginning in 1981 all domestic sugar 
production, regardless of ownership or method 
of production, would be bought by BULOG ex- 
cept 1% (later increased to 2%) of TRI farmers’ 
production for use in their own consumption. 

Since independence, sugar has been one of 
nine basic commodities whose prices are con- 
trolled. Sugar price control is implemented at 
the mill gate. Since 1969, the Provenue price, 
which is effectively the net payment received by 
mills, has been fixed annually by the govern- 
ment, and the ex-mill price is determined by 
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adding various fees, taxes, and miscellaneous 
charges. The Provenue price is determined in 
consultations among the Ministries of Agricul- 
ture, Trade, Finance, and BULOG and is based 
on the mills’ cost of production plus a profit 
margin and an allowance for inflation. Under. 
normal circumstances, the Provenue price for a 
particular year is announced at the start of the 
harvest season of that year’s cane, which is also 
the beginning of the next year’s cane planting 
season. 

In recent years the world price for sugar has 
been much lower and more variable than the do- 
mestic price (table 2). In the 1980s, the nominal 
protection coefficient (NPC) has generally been 
between 40 and 80, with the fluctuations pri- 
marily as a result of changes in the world price. 

Present policies on marketing and price con- 
trol are implemented by BULOG. BULOG is 
the sole buyer of all domestically produced sugar, 
except for the 2% of farmers’ output retained for 
own consumption. BULOG is also the sole im- 
porter of sugar. In addition, BULOG heavily in- 
fluences domestic distribution of sugar (Sapuan 
et al.) through its role in appointing regional 
wholesalers who are permitted to obtain sup- 
plies from its regional warehouses. 

In summary, four policy instruments affect the 
sugar sector directly. As in many LDCs, both 
producer and consumer prices of sugar are gen- 
erally well above world prices.’ Second, in spite 
of high prices, the government has to compel 
some farmers on Java to plant sugarcane. Java 


Unlike sugar, producers receive less than the world market price 
for molasses. First claim on molasses is by those mills with their 
own alcohol factories. The second is for use in domestic industry. 
The remainder is exported through a state-owned marketing board. 


Table 2. Price Comparison between Ad- 
justed CIF Price and Wholesale Price for 
Sugar (1981-86) 


Adjusted 

CIF Wholesale 

Price Price 
Year (000 RP/mt) (000 Rp/mt) NPC 
1981 349 502 44 
1982 207 523 53 
1983 296 532 80 
1984 219 565 58 
1985 195 609 208 
1986 347 61i 76 


Source: Rosegrant et al., p. 4.34, 1987. 

Note: The adjusted CIF is the actual CIF price at the port adjusted 
for internal marketing costs necessary to transport the sugar to the 
wholesale market. 

‘NPC is the nominal protection coefficient. 
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has unique physical characteristics that make its 
land suitable not only for growing sugar cane 
but also for producing rice and other food crops 
such as corn and soybeans. The fact that rice is 
an alternative crop presents policy makers with 
a special dilemma since rice self-sufficiency is 
the single most important agricultural policy goal. 
Third, fertilizers and other chemical inputs are 
subsidized. Finally, most cane producers re- 
ceive a substantial credit subsidy. 


The Policy Analysis Matrix (PAM) 


The PAM. consists of two accounting identities 
(table 3). The first identity states that profit is 
equal to revenue minus costs, measured in either 
private or social terms; the second identity mea- 
sures the differences between observed values 
and the levels that would exist if the divergences 
between private and social prices (caused by 
distorting policies or market failures) were re- 
moved. 

On the first line of the matrix is the calcula- 
tion of private profitability (D), defined as rev- 
enue (A) minus total costs (B + C), where all 
inputs and outputs are valued at market prices. 
A positive private profit indicates the market 
competitfveness of a commodity system under 
investigaron, given input and output prices, 
technologies, and government policies. 

The sezond line of the matrix measures social 
profitability, which is social revenue less social 
costs. To arrive at the second row of the matrix, 
social prices (which reflect the underlying scar- 
city and. thus the optimal allocation of re- 
sources) are used to value inputs and outputs. A 
positive social profit indicates that the system 
uses scarce resources efficiently and contributes 
to natioral income (i.e., the commodity has a 
static comparative advantage). 

The second accounting identity, found in the 
third row of the table, is the difference between 
the first and second rows. If market-failure cor- 
rection policies by the government do not exist 
(or are negligible), any differences between the 
first row and the second row must be caused by 
distorting policies. The third row also reflects 
transfers between producers on one side and 
government treasury and consumers on the other 
side. Under certain restrictive assumptions, 
transfers to producers are identical to producer 
surplus end transfers to consumers are identical 
to consumer surplus.’ 


“The assumptions necessary for this to be true include supply and 
demand elasticities equal to zero and no changes in input prices. 
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Table 3. An Outline of the Policy Analysis Matrix 


Revenues 
Valued at private prices A 
Valued at social prices E 
Divergences I 


Source: Based on Monke and Pearson. 

* Private profit, D = (A — B — C). 

è Social Profit, H = (E — F — G). 

© Output Transfers, / = (A — E). 

à Input Transfers, J = (B — F). 

© Factor Transfers, K = (C — G). 

f Net Policy Transfers, L = (D — H) = (U — J — K). 


Data and Modeling Assumptions 


The sugar production, processing, and market- 
ing system can be represented by three separate 
activities. The first activity, farm production, 
consists of cane production and transportation to 
the mills. Processing is the second activity, with 
cane as the input and sugar as the output. Trans- 
portation of sugar to the wholesale market, at 
which level the domestic sugar price can be 
compared with the CIF import price, is the third 
activity. 

The possibility of multiple harvests from a 
single planting complicates the analysis. Cane 
usually needs sixteen months from land prepa- 
ration to harvest. Once cane is harvested, how- 
ever, roots intentionally left in the ground grow 
again. This second or “ratoon” crop needs only 
twelve months to mature. This process can go 
on for several generations, producing less yield 
with each subsequent generation. On irrigated 
area, cane is rarely grown for more than one 
ratoon, while on dryland area two ratoons are 
common. Each generation utilizes different 
amounts of inputs and produces different amounts 
of output. The farm-level activity thus is mod- 
eled as five separate representative farms: S I, 
S Ii, TI, TH, and T I, where S I denotes first 
generation cane planted on irrigated land, T I 
denotes first generation cane planted on dry-land 
area, and so on. 

Because the Indonesian economy is relatively 
undistorted, determination of social prices was 
straightforward. To determine the shadow ex- 
change rate, it is necessary to compensate for 
overvaluation from two sources, differential in- 
flation and the structure of protection. A deval- 
uation in 1986 eliminated the effects of differ- 
ential inflation on the exchange rate, and the 
shadow exchange rate reflects only the distor- 


Costs 
Tradable Domestic 
Inputs Factors Profits 
B C D 
F G H” 
J. K L£ 


tion associated with the structure of protection, 
approximately 8% (see Panggabean, p. 28, for 
details). The Indonesian rupiah is freely con- 
vertible, and capital mobility is essentially un- 
limited. Therefore, the market interest rate for 
loans to similar agricultural activities was used 
as the social interest rate (20%). Pearson et al. 
report that agricultural labor markets function in 
a relatively competitive manner. Therefore, the 
market and social wage rate are assumed iden- 
tical. The private (social) opportunity cost of land 
is calculated as the difference between the pri- 
vate (social) revenue and variable costs of the 
crops replaced by cane. The S I and T I cane 
crops are assumed to take sixteen months, while 
the S Il, T I, and T Il crops require only twelve 
months. The crop combinations used to calcu- 
late the opportunity cost of land are (see Monke 
and Pearson, pp. 210-11 for an example of this 
type of calculation): 


S I—2 irrigated rice, 1 maize, 1 soybean 
(first crop, irrigated cane) 


S I[—2 irrigated rice, 1 maize 
(second crop, irrigated cane) 


T I—2 dryland rice, 1 soybean 
(first crop, dryland cane) 


T 0/MW-—-2 dryland rice each 
(second and third crop, dryland cane). 


Data for 1987 were used because they are rea- 
sonably representative of expected long-run lev- 
els of domestic and world prices of inputs and 
outputs. Finally, because off-Java area is rela- 
tively small and data on production techniques 
and costs off-Java are not available, the analysis 
is limited to Java cane production. A technical 
appendix with further details is available from 
the authors. 
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Results and Discussion 


The basic results from the farm production ac- 
tivity’s budget can be divided into two main cat- 
egories: cane produced by farmers joining the 
TRI program (table 4) (75% of the total cane 
area in Java), and other cane including cane 
grown by the mills (details not reported here). 
The only difference between the two is the sub- 
sidized interest rate TRI farmers receive. 

The results indicate that in 1986/1987 both 
dryland and irrigated cane cultivation were so- 
cially unprofitable.” The principal cause of that 
result is the opportunity cost of the land. For 
most of the cultivation techniques, the oppor- 
tunity cost of land was equivalent to a large share 
of the value of the sugar produced. It is inter- 
esting to note that the social opportunity cost of 
land is somewhat lower than its private oppor- 
tunity cost. This result occurs because part of 
the private return to land in cultivation of alter- 
native crops arises from input subsidies for those 
crops. 

For most sugar growers, sugar cultivation was 
also privately unprofitable. The only exceptions 
were the first and second ratoon crops in dry- 
land areas (T H and T IID. Once the investment 
in planting cane in dryland areas is sunk, the 
private return to ratoon crops is positive. Private 
profitability is less negative than social profit- 
ability as a result of transfers to producers. On 
the inputs side, the policy of maintaining low 
prices of chemical inputs, especially fertilizer, 
to encourage food crop production has been 
viewed as a major incentive policy for agricul- 
tural growth in Indonesia.° For example, the fer- 
tilizer subsidy was approximately 30% for urea 
and 54% for TSP in 1986. Cane producers ben- 
efitted from these subsidies (table 5). The major 
type of fertilizer used in cane production is am- 
monium sulfate (AS). In 1986, the farm-gate 
price was 125 rupiah (Rp) per kilogram, while 
the world price was Rp 196 per kilogram, which 
implies a subsidy of Rp 49,000 per hectare for 
S I farmers and slightly smaller amounts for other 
technologies. 


Social profitability accrues to the entire system, not to an ele- 
ment of it. However, to make the social/private cost comparison 
at the farm level, the social revenue of production is arbitrarily 
taken to be the farm-level equivalent of the world price times farm- 
ers’ share of sugar plus the world price of molasses times farmers’ 
share of molasses. 

®Some observers of Indonesian agriculture have argued that at 
least a part of the fertilizer subsidy was necessary to offset a market 
failure in the provision of information about the profitability of the 
new rice technologies. For the analysis in this paper, all of the 
fertilizer subsidy is considered a market distortion. 
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The biggest government direct subsidy on in- 
puts came in the form of the credit subsidy. TRI 
farmers have access to 12% credit, while the so- 
cial interest rate is 20% per annum. This dif- 
ferential provides a Rp 146,000 per hectare sub- 
sidy for the S I crop, with the T II crop as the 
lowest with Rp 60,000 per hectare. For all tech- 
nologies, the credit subsidy alone is substan- 
tially larger than the subsidy on fertilizers. To- 
gether, the credit and fertilizer subsidies are the 
prime determinants of the transfer on the inputs 
side. 

The priacipal determinant of transfers to the 
farm procuction activity is the difference be- 
tween world and domestic prices. In 1986/1987, 
farmers received a provenue price of Rp 467.50 
per kilogram for their share of sugar produced 
(approximately 62%).’ The CIF price for sugar 
in 1987 was Rp 329 per kilogram (approxi- 
mately 1C¢/lb), equivalent to a mill-gate social 
price of Ep 329 per kilogram (after converting 
to social costs and subtracting the social value 
of transpcrt costs). For one hectare of S I cane, 
private gross revenue was Rp 2.73 million, while 
social grcss revenue was only Rp 2.01 million. 

The ag2regate effects of government policies 
on sugar production can be calculated by mul- 
tiplying the per hectare results by the number of 
hectares in each type of cane production (table 
6). In 1986/87, the foregone social net revenue 
was Rp 248 billion. Farmers bore part of this 
cost in the form of a private loss of Rp 115 bil- 
lion. The remainder was borne by consumers and 
the government in the form of higher consumer 
prices an government subsidies on various in- 
puts. 

To gain further insight into the effect of the 
opportunity cost of land, it is useful to decom- 
pose the aggregate PAM into two matrices, one 
each for cane cultivation on irrigated and on 
dryland greas (table 7). Social profitability in the 
irrigated areas is negative primarily because of 
the high social opportunity cost of land. For 
dryland areas, social profitability is still nega- 
tive, but private profitability is positive. Even 
though the first crop in the dryland areas has 
negative profit, the positive profitability of the 
ratoon crops more than compensates. This result 
is suppcrted by anecdotal evidence that sugar 
production in dryland areas is privately profit- 
able and that it is quite common in those areas 
to find sugar that has been ratooned more than 
once. 


Two perzent of farmers’ share is received in kind and valued at 
the ex-factcry price. 
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Table 4. The Policy Analysis Matrix for TRI Sugar Cane Production in Java, 1986/1987 


(000 rupiah/hectare) 





Item Sr SH TI TH T UI 
Private 
Labor 615 418 525 377 369 
Capital 220 108 171 91 89 
Tradables 444 250 ETE 212 206 
Land and management 2,547 1,993 1,312 758 758 
Total cost 3,826 2,769 2,381 1,439 1,423 
Revenue” 2,731 2,211 1,877 1,692 1,542 
Profit — 1,094 ~ 558 —504 253 119 
Social 
Labor 615 418 525 377 369 
Capital 366 180 285 152 149 
Tradables 560 303 460 259 253 
Land and management 2,161 1,885 985 709 709 
Total cost 3,702 2,786 2,256 1,497 1,480 
Revenue® 2,009 1,630 1,382 1,246 1,137 
Profit — 1,693 — 1,157 —873 —251 om 344 
Policy effects (private minus social) 
Total cost 123 ~17 125 —59 57 
Labor 0 0 0 0 0 
Capital — 146 = —114 —61 —60 
Tradables —116 53 —88 —4T —47 
Land and management 386 108 327 49 49 
Revenue 722 581 495 445 405 
Net effects 599 598 370 504 463 


Source: Own estimates; data appendix available from authors. 
Note: Some numbers do not add up because of rounding errors. 


*S I—planted cane, grown on irrigated areas; S Il—first ratoon cane, grown on irrigated areas; T I—planted cane, grown on dry land 
areas; T Il——first ratoon cane, grown on dry land areas; and T 1—second ratoon cane, grown on dry land areas. 
> Private revenue is the provenue price times 98% of farmers’ share of sugar, plus ex-factory price times 2% of farmers’ share, plus 


domestic price of molasses times farmers’ share of molasses. 


€ Social revenue accrues to the whole production and processing chain. For this table, social revenue of production is arbitrarily taken to 
be the farm-level equivalent of the world price times farmers’ share of sugar, plus world price of molasses times farmers’ share of molasses. 


Processing 


The total private cost of milling cane (excluding 
the cost for the cane) was Rp 383 billion (table 
8), while total revenue was only Rp 372 billion, 
resulting in a private loss of Rp 11 billion. The 
social cost of sugar processing was substantially 
larger than the private cost. The principal source 
of this difference was the capital subsidy to the 


Table 5. Major Input Subsidies for TRI 
farmers, 1986/1987 (000 rupiah/hectare) 


Type S-I S-N T-I T-H T-M 
AS 49 49 44 43 43 
TSP 41 0 29 0 0 
KCL 12 0 0 0 0 
Capital 146 72 114 61 60 


Source: Own estimates; data appendix available from authors. 


mills of Rp 69 billion. The private cost of cap- 
ital to the mills was assumed to be only 10% 
(because they had access to foreign, low cost 
loans for rehabilitation) while the social cost was 
20%. Social revenue came mainly from the mills’ 
share of sugar output (37.2%). Transfer to the 
mills on the revenue side was Rp 75 billion. The 
net transfer to the mills was Rp 159 billion. 


Post-Factory Transportation 


The final category of cost is for transportation 
from factories to the wholesale level. The av- 
erage cost of transporting a kilogram of sugar 
was Rp 25 (Rosegrant et al., p. 4.42); the total 
private cost of transportation from mills to the 
wholesale market is Rp 44 billion. The Indo- 
nesian input-output table for 1983 was used to 
break down the costs into the various categories 
(table 9). 
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Table 6. Total Transfer in the Farm Activity, 1986/1937 (billion rupiah) 





Land 
and 
Labor Mngmt. Capital 
Private 120 421 41 
Social 120 373 60 
Divergences 0 48 —19 


Source: Own estimates; data appendix available from authors. 


Table 7. Policy Analysis Matrix by Land Type, 1986/1987 (billion rupiah) 


Land 
and 
Labor Mnemt. Capital 

Irrigated 

Private 72 318 24 

Social 72 281 4i 

Divergences 0 35 —15 
Dryland 

Private 48 104 17 

Social 48 92 22 

Divergences 0 13 —4 


Source: Own estimates; data appendix available from authors. 


Table 8. The Policy Analysis Matrix for the Mills in Java, 1987 (billion rupiah) 


Labor Land Capital 
Private 121 0 69 
Social 121 0 138 
Divergences 0 0 —69 


Source: Own estimates, CBS; data appendix available from authors. 


Note: Numbers might not add up because of rounding errors. 


Tradab € Total 
Inputs Cost Revenue Profit 
77 660 545 ar 
96 649 401 —248 
—19 10 144 133 
Tradeble Total 
Inputs Cost Revenue Profit 
49 462 346 =F 
@ 456 253 =201 
12 8 91 82 
a 198 199 1 
= 198 147 =51 
Ar 2 52 50 
Tradable Total 
Inputs Cost Revenue Profit 
192 383 372 =l] 
20€ 467 297° — 170 
Ale —84 75 159 


* Arbitrary allocation of a share of the social revenue of the whole system to the processing sector. See also the note to table 4. 


Table 9. Total Transfer in the Transportation Activizy, 1986/1987 (billion rupiah) 





Tradatles 
Labor Land Capital Cos Total Revenue Profit 
Private 13 12 IG 44 44 0 
Social 13 12 21 46 46 0 
Divergences 0 0 af az] =j 0 


Source: Own estimates; data appendix available from authors. 


The Indonesian Sugar Policy Analysis Matrix 


The net effects of policy in the sugar system are 
shown in the PAM in table 10. In terms of both 
private and social profitability, sugar production 
in Indonesia is unprofitable. (See Pearson et al. 


for a similar result.)° The social loss is Rp 465 
billion, about 1% of agricultural value added. 
Farmers, consumers, and the government all 


*Strictls speaking these results are for Javanese production only. 
See earlier comments about the role of production off-Java. 
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Table 10. Policy Analysis Matrix for the Sugar Commodity System in Indonesia, 1987 (bil- 


lion rupiah) 





Labor Land Capital 
Private 255 421 122 
Social 255 373 210 
Divergences 0 48 —88 


Source: Tables 6 and 8. 


subsidize the production of sugar. For farmers, 
the transfers received from subsidized capital, 
inputs, and higher-than-world sugar prices are 
offset by the losses from not being able to grow 
more profitable alternative crops. Consumers pay 
Rp 263 billion more than they would if the do- 
mestic sugar price were equal to the world price. 
The government loses Rp 88 billion in the form 
of a capital subsidy to the mills and TRI farm- 
ers, and Rp 34 billion for subsidies on chemical 
inputs. 


Conclusions 


Food policy analysts normally think in terms of 
trade-offs between consumers and producers, but 
Indonesian sugar policy does not fit that model. 
Instead, producers, consumers, and the govern- 
ment budget all have paid to help the govern- 
ment advance its objective of self-sufficiency in 
sugar. The policy analysis matrix is an effective 
tool to sort out the conflicting effects arising from 
the various policy instruments used to achieve 
that objective. Other measures such as the DRC 
or the EPC would illuminate only part of the 
picture.” For example, the DRC would reveal 
the negative social profitability of cane produc- 
tion but would not make clear the complex set 
of transfers that arise. The EPC would indicate 
the impact of product market transfers but not 
show factor market transfers or measure social 
profitability. 

Policy makers know what policy goals are and 
what policy instruments are being used. The PAM 
provides a framework in which to measure the 
costs and benefits of those policy instruments to 
various market participants and to the economy, 
and the results are presented quickly and effi- 
ciently. At the same time, the limitations of the 
PAM should be made clear. The PAM typically 


These measures can be calculated easily from the values in the 
PAM. See Monke and Pearson. 


Total 
Tradablies Cost Revenue Profit 
290 1,088 961 — 127 
324 1,162 698 ~—465 
— 34 -75 263 338 


uses fixed input-output coefficients, so it is not 
possible to use the PAM directly to indicate pro- 
ducer or consumer responses to policy changes 
that reduce distortions. Transfers to consumers 
and producers measured by the PAM are exactly 
equal to the more familiar consumer and pro- 
ducer surplus measures only under restrictive 
assumptions. However, the transfers are roughly 
equal to the rectangles associated with tradi- 
tional surplus calculations. 

The instruments used to implement Indone- 
sian sugar policy are complicated and contra- 
dictory, with some partially offsetting the ef- 
fects of others. The net effects are unusual, even 
by the standards of sugar policy around the world. 
Domestic output prices are above world prices 
and domestic input prices are lower than world 
prices, a situation that normally results in excess 
profits for cane producers. In spite of these price 
policies, Javanese farmers must be compelled to 
grow cane. Because the profitability of alternate 
crops is so much higher than cane, even sub- 
stantial government and consumer transfers to 
producers were not enough to induce farmers to 
grow cane willingly. 

Until 1989, Indonesia was essentially self- 
sufficient in sugar, but this basic policy goal was 
met at substantial cost to producers, consumers, 
and the government. Farmers, forced to grow 
cane on irrigated land, had negative private 
profits, and the Indonesian economy lost be- 
cause the social cost of cane production (and 
milling) was much higher than its social value. 
A large share of cane production is on irrigated 
land that otherwise would be used to crow crops, 
primarily rice, with much higher profit both pri- 
vately and socially. By mandating cane produc- 
tion, the potential for socially profitable rire self- 
sufficiency (the most important Indonesian ag- 
riculture policy goal) is reduced. The govern- 
ment also lost financially because of the credit 
and fertilizer subsidies, which reduce the losses 
incurred by farmers and the milling firms. Con- 
sumers lost because domestic prices were set 
higher than world prices, again to reduce the - 
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losses incurred by farmers. Only a few cane 
growers using dry land benefitted. 

Indonesia’s sugar policies reflect the history 
of sugar in that country. Succeeding generations 
of policy makers have made incremental changes 
to the existing policy set rather than start anew. 
For example, the most recent change—the TRI 
program, which ended land rental by the mills 
and mandated that production be managed by 
smallholders on their own land—left in place 
many of the policies of the past. As a result, a 
complex web of policies has grown up with a 
correspondingly complex underpinning of inter- 
est groups (e.g., employees and owners of so- 
cially unprofitable sugar mills, sugar cane deal- 
ers and farm managers, sugar traders) that benefit 
from various aspects of the policies. Any change 
either must balance the interests of the current 
beneficiaries with those of the much more nu- 
merous sugar consumers and producers who 
would gain from reform, or else result from a 
powerful, exogenous shock. 


[Received April 1990; final revision received 
October 1990.] 
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Education and Innovation Adoption 


in Agriculture: Evidence from 
Hybrid Rice in China 


Justin Yifu Lin 


This paper uses the diffusion of F, hybrid rice as a case for examining the effects of 
education on the adoption of new technology in China. A simple behavioral model that 
treats the adoption of hybrid rice as a portfolio selection problem is presented. The 
implications of the model are tested with farm-level data collected from a sample of 500 
households in Hunan Province. The results from a dichotomous probit model and a two- 
limit tobit model are consistent with the hypothesis that education has a positive impact 


on the adoption of new technology. 


Key words: China, economic development, education, portfolio-selection model, 


technology diffusion. 


The continuous creation and introduction of new 
technology has been used as a standard for dis- 
tinguishing a modern agricultural system from a 
traditional one (Schultz 1964). However, the in- 
troduction of many new technologies has met 
with only partial success, as measured by ob- 
served rates of adoption. Constraints to the rapid 
diffusion of a new technology may arise from 
many sources, such as lack of credit, inadequate 
farm size, unstable supply of complementary in- 
puts, and so on (Feder, Just, and Zilberman). 
This paper examines the role of education in a 
farm household’s decision regarding adoption of 
F hybrid rice seed in the context of the Chinese 
economy. 

_ A new agricultural technology may reflect high 
yield, low cost, or other desirable traits. How- 
ever, the changes in the production process in- 
volved in the adoption of a new technology may 
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bring risks resulting from imperfect information 
and the possibility of committing errors. Be- 
cause education enhances one’s ability to re- 
ceive, decode, and understand information, 
Schultz (1964, 1975) and Nelson and Phelps, 
among others, have hypothesized that education 
may facilitate the diffusion of new technology. 
That is, farmers with a relatively high level of 
education may have a higher probability of 
adopting new technologies than those with rel- 
atively little education. 

A number of empirical studies have examined 
the linkage between adoption of new agricul- 
tural technology and education. Some of the 
evidence is summarized by Feder, Just, and Zil- 
berman. In those studies, the likelihood of 
adopting a new technology was found to be pos- 
itively related to the education level of farmers. 
A recent study by Duraisamy also found that in 
India the level of using high-yielding rice va- 
rieties is positively related to education level. 
The above theory and evidence suggest that a 
farmer’s education level may be an important 
factor in the adoption of F, hybrid rice in China. 

China is the only country in the world in which 
F, hybrids are commercially used in production. 
Several studies have estimated the profitability 
of hybrids as compared to conventional varieties 
(He et al. 1984; He, Zhu, and Flinn 1987a, b). 
The yield advantage of hybrids over conven- 
tional varieties is about 15%. Because China’s 
economy is centrally planned, governmental in- 
tervention has often been used in promoting cer- 
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tain technologies. As a result, just how impor- 
tant economic considerations are in the adoption 
decision regarding F, hybrids at the farm level 
is a controversial question (Wiens; Barker and 
Herdt, p. 61). An earlier study of my own (Lin 
1991), using aggregate panel data, found prof- 
itability to be an important factor in explaining 
differences across regions and over time in the 
diffusion of hybrids after the household-based 
farming system reform, but not in the prereform 
period.’ However, because of the aggregate na- 
ture of the data set used in that study, direct 
conclusions about the role played by education 
and other household characteristics could not be 
drawn. 

For the purpose of this study, cross-section 
production data collected at the end of 1988 from 
a sample of 500 households are used. The main 
purpose is to determine the role of education in 
a household’s decision regarding adoption and 
intensity of use of F, hybrids. In addition, other 
potentially relevant variables, such as the farm- 
ing experience and sex of the household head 
and the availability of credit, are included. 

The paper is organized as follows: The next 
section presents a simple behavioral model, which 
treats the adoption decision as a portfolio selec- 
tion problem. The model is followed by a de- 
scription of the areas covered by the study and 
the data set. The subsequent section presents the 
empirical analysis. The last section summarizes 
the results and discusses their implications. 


A Portfolio Selection Model of 
Technological Adoption 


In order to analyze the impact of education on 
the adoption decision regarding F, hybrid seeds, 
this section constructs a formal behavioral model 
in which the adoption of new technology, rep- 
resented by the use of F, hybrid seed, is treated 
as a portfolio selection problem. The objective 
of a farm household is to maximize its expected 
utility. Following the convention of portfolio se- 
lection literature, a household is assumed to care 
only about the mean and variance of its in- 
come.” For simplicity, a farm household grows 
only a single crop, rice, on a unit of land. There 


' Farming activities were organized in a collective team system 
prior to the farming institutional reform in 1979. The collective 
system was replaced by an individual household-based system by 
1983. For a theoretic and empirical study of this reform, see Lin 
(1988). 

? This assumption requires that the utility function be quadratic, 
or/and that the outputs of new as well as old technologies have a 
normal distribution. 
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are two alternative technologies——conventional 
rice (CR) and F, hybrid rice (HR). CR is as- 
sumed to have a low yield, but the output is cer- 
tain to each household. The output level, how- 
ever, may be different from household to 
household as a result of the difference in some 
household characteristics. HR, on the other hand, 
has a higher expected yield but the output level 
is uncertain to each household. The variance of 
the outpat level will be assumed to depend on 
the ith hcusehold head’s education level and other 
househoki-specific variables that affect the 
househokd’s ability in dealing with new tech- 
nology.” 

Following Jamison and Lau’s convention (p. 
197), if CR is used on all of the ith household’s 
land, its income can be written as a function of 
variables representing the economic environ- 
ment anc a specific household factor, in the form 


(1) Yic = MAE) + Ej C» 


where È is a vector of independent variables 
represen-ing the prices of rice, seeds, chemical 
fertilizers, pesticides, and so on, and €;¢ is a 
variable representing the ith household’s spe- 
cific capacity for producing CR.* Similarly, the 
mean income from using HR on all its land can 
be written as a function of the same independent 
variables, and a specific household factor, in the 
form 


(2) 


The vartables €; - and €;,, cannot be directly ob- 
served, but it is assumed that their joint distri- 
bution over the whole population can be de- 
scribed by a probability density function. 
Therefore, the ith household’s mean income with 
r; propertion of its land producing HR can be 
expressed as 


(3) y= {M (E) + Ect Mr. 
[D(E) + (nn — Ec) |}, 
where D(Eé) = M,(E) gä M(E). 


If a household allocates all its land to produce 
CR, there will be no variance in its income, as 
the output level of CR is assumed to be constant 
to each household. If a household allocates all 


Yin = MCE) + € x. 


3 These assumptions imply that the adoption of CR is riskless, 
and that HIR is risky. 

4 That is, the first component, M.(E), is common to each house- 
hold, and the second component, €e, differs from household to 
household. The difference in the second component may arise from 
several sources, like the quality of irrigation, fertility, and other 
microphysical conditions of the household’s landholding, the ex- 
perience and ability of the household members, and so on. 
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its land to produce HR, the variance in the 
household’s income will be assumed to have the 
following functional form: 


(4) V; = Vi ale: Zis E), 


where e; is the ith household head’s education 
level; and Z; is a vector of other household-spe- 
cific variables, such as the availability of credit 
and extension service to the household.” If a 
household allocates r; proportion of its land to 
produce HR, the variance in its income will thus 
be 


(5) V; üg r; i Viales Ži E). 


From expression (5), we find that the variance 
of a household’s income is positively related, 
and increases at an increasing rate, to the pro- 
portion of land that the household allocated to 
HR. 

For simplicity and ease of interpretation, the 
utility function is assumed to be separable, and 
to have the following specific form: 


(6) U;,;=Y;— CV) = Y; — Clr, en Zn E), 


where C, > 0, C,, > 0, Ca < 0, and C(O, e,, 
Zə E) = 0. 

The specifications of C(.) in the second line 
of expression (6) imply that, given other vari- 
ables, the utility loss increases and at an in- 
creasing rate with the ratio of land allocated to 
HR, that education reduces the utility loss of 
adopting HR, and that there is no utility loss if 
HR is not adopted. These characteristics can be 
justified by the previous assumptions that the in- 
come variance increases and at an increasing rate 
with the proportion of land used in HR, edu- 
cation reduces the variance of HR output, and 
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ity in producing CR-and HR, and other exoge- 
nous variables in the household as well as econ- 
omy, the household will allocate its land to HR 
in a way that its utility is maximized. 


The Probability of Adoption 


Before solving for the optimal proportion of land 
used for HR, r*, we will first consider the prob- 
ability that the ith household will allocate part 
of its land endowment to HR, that is, r; will be 
greater than zero. Expression (7) indicates that 
the necessary condition for r; > 0 is r; . [D(E) 
+ €:7 — €& cl — C(rje, Zp E) > 0. Therefore, 
whether a household adopts HR depends only 
on the value of r; . [D(E) + eig — €c] — C(rle;, 
Z;, E). As shown in figure 1, the necessary and 
sufficient condition for r; > O is 


(8) C,(0le;, Zi, E) < DE) + in — Ei C> 


where C,(Ole;, Z;, E) is the first derivative of 
C(rjle;, Z; E) evaluated at r; = 0. The adoption 
indicator of the ith household, A;, takes the value 
of 


9 

Á l if C,(Ole;, Zi, E) < Dé) 

+ €:4 — Ec, HR is adopted, and 
0 if C,(Ole;, Zp E) = D(E) 

+ €; H 7 €c, HR is not adopted. 


Thus, the probability that a household drawn 
randomly from the population, with education 
of household head, other characteristics and en- 
vironment variables given, would adopt HR 
equals 


P; = Pr(A;= 1) = Pr[C\Ole,, Z;, E) < DE) + €g — €& cl 
= Pr[C,(Ole,, Zp E) — DE) < €n — & cl. 


the output of CR is constant. The optimization 
problem for a household can thus be expressed 
as follows: 


(7) Max U(r jêr Ec Eira, Zi E) 
0s7;=1 
= {M(E + €or; (DE) + 
(Eg — E;c)]} —-cC(r lei. Zp E). 


This expression postulates that, given the ith 
household head’s education level, specific abil- 


* Because education enhances the ability of using new technol- 
ogy, the variance of HR output will be postulated to be inversely 
related to the educational level of the household head. 


Utility 


ra Z; E) 


r,.{DCE) + tigré el 


Ò ri 1 r 


Figure 1. The optimal land allocation to hy- 


brid rice 
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This probability depends on the difference of the 
functions C,(0le,, Lis E) and D(E) and E&H T €&ic: 
C,(Ole;, Z;, E) is specified as a linear function 
of e; that is, 


C,(le,, Zi, E) = a; + AZ, + aE, 


where ao is an unknown parameter, and a, and 
a, are both row vectors of unknown parameters. 
Similarly, D(£) is a linear function of E, 


D(®) = bE, 


where b is a row vector of unknown parameters. 
We will denote the difference in the individual 
household factors as e; that is, 


Eg — tic = E 
Then, the probability of the ith household 
adopting HR equals 


(19) 
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The efect of education on the optimal pro- 
portien o7 land used for HR is implicitly defined 
in equation (11). From the implicit function 
theorem, we can obtain the following relation: 
(12) dr;/de; = —Cy,/C,, > 0. 

The optimal proportion of a household’s land 
used for HR is thus implied in expression (11). 
To be specific, the optimal proportion can be 
expressed in a functional form as follows: 


re = r(ejle;, Zi, E), 


where €; = €;7 — €c, aS previously defined, is 
assumed to be identically and independently dis- 
tributed as the normal distribution over the pop- 
ulation. We will assume that the function is lin- 
ear ine; Z;, and E, that is, 


P; = Pr(A; = 1) = Prle; < BE — doe; — a,Z; — aE] 


= FIDE — age; — 4,Z)), 


where b' = b — a», and F(.) is the cumulative 
distribution function. 

As shown, the probability of the ith house- 
hold adopting HR seed is the value of the cu- 
mulative distribution function of F evaluated at 
b'E — aoe; — aZ; The exact distribution of F 
depends on the population distribution of the 
random variable «e. If e; is identically and in- 
dependently distributed as the normal distribu- 
tion over the population, thé unknown param- 
eters b’, do, and a, can be estimated by the probit 
regression model, which yields consistent and 
asymptotically efficient estimates. Since Ci} < 
O implies that aọ < O, a larger e; thus implies a 
higher probability of adopting HR seed. 


Cptimal Adoption Intensity 


The ith household’s optimal proportion of land 
used in the production of HR can be obtained 
by solving expression (7). The first-order con- 
dition for an optimum requires 


(11D) D®) + &a- ic Ci(rile;, Z;, E) = 0. 


Equation (11) implies that, for the optimality 
to hold, the decision maker equates the utility 
gain from adopting HR with the utility loss re- 
sulting from adopting this new technology at the 
margin. The second-order condition requires that 
~C < 0, which holds according to the basic 
assumptions. 


(13) r* = coe; + cZ, + dE + €,, 
where c, is an unknown parameter, and c and d 
are row vectors of unknown parameters. Be- 
cause 0 = y; < 1, the dependent variable r; is 
censored. The tobit regression model with lower 
bound zero and upper bound 1 will yield con- 
sistent end asymptotically efficient estimates of 
the unkrown parameters in expression (13). 
The discussion so far focuses solely on the 
effect cf a household head’s education on the 
probab.ity and intensity of adopting HR. It is 
also possible to investigate the impacts of other 
househeld characteristics and environmental 
variables under the present framework. For ex- 
ample, an increase in the price of rice will in- 
crease “he relative profit of HR over CR and, 
therefore, increase the probability and intensity 


- of adopting HR. Changes in the price. of pur- 


chased .nputs may also affect the probability and 
intensity of adopting HR if the requirements of 
purchased inputs differ between CR and HR. The 
availablity of credit may facilitate adoption if 
more purchased inputs are used for HR and a 
household’s liquidity becomes a constraint. Fur- 
thermo-e, most farm households are obliged to 
sell a c2rtain quota of rice at below-market price 
to the zovernment. In cases where the quota is 
a binding constraint, a household may adopt hy- 
brid rice simply for its higher yield, even though 
it may not be as profitable as conventional rice. 
However, a full-length discussion of the impacts 


Lin 


of these other variables is beyond the purview 
of this paper.° 


The Data and Study Setting 


The data come from a cross-section survey of 
500 households in five counties in Hunan Prov- 
ince which was carried out during December 1988 
and January 1989. Hunan Province is located on 
the middle reaches of the Yangtze River in South 
China. It has a semitropical climate. The aver- 
age temperature is 4—7 °C in January and 26- 
30° C in July, with 260-300 frost-free days. 
Annual rainfall is about 1,300 millimeters to 
1,700 millimeters. Most of the rainfall is con- 
centrated in May, June, and July. Of the total 
land area of 211,000 square kilometers, moun- 
tains make up 51.2%, hills 29.2%, plains 13.1%, 
and water surface 6.4%. The province has 2.56 
million hectares of cultivated land, 82% of which 
is irrigated. The per capita cultivated area is 0.05 
hectare, below the national average. The total 
population is 5.8 million, of which 4.8 million 
is agricultural. From the proportion of agricul- 
tural population in total population, and from 
the per capita gross values of agricultural output 
and industrial output, Hunan can be considered 
in China to be a predominately agricultural 
province (see table 1). Rice is its most important 
crop. In 1987, 57% of the total cultivated acreage 
(or 82% of the grain acreage) was planted with 


6 The above model is obviously oversimplified. The framework 
could be further developed in many directions; however, the sim- 
plest form of the model is adopted in order to illustrate clearly its 
implications. For other models that treat technology adoption as 
dichotomous choice, see Jamison and Lau; as a portfolio selection 
problem, see Feder, and Just and Zilbeman. 
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rice, and, of the rice acreage, 46.5% was planted 
with hybrid seed. 

The province is divided juridically into 105 
counties in three types of geographic setting— 
lake-plain, hill, and mountain. Among the five 
counties in the data set, the first two—Tiaojiang 
and Xiangxiang-——-are selected from the hill re- 
gion, the next two—Nanxian and Anxiang— 
from the lake-plain region, and the last one— 
Zhijiang——-from the mountain region. These five 
counties were selected from the provincial sam- 
ple of thirty-four counties surveyed annually by 
the State Investigation Team. Table 1 indicates 
that the 1988 per capita GNPs of these five 
counties were all lower than the provincial av- 
erage, but that their per capita gross values of 
agricultural output were all higher than the pro- 
vincial average. However, their rice economies 
are considered typical, and their agriclimatic 
conditions and infrastructure are representative 
of their respective regions. 

Samples of 100 households each from these 
five counties were surveyed. These households 
were all included in the random samples sur- 
veyed by the State Investigation Team. Table 2 
summarizes the key characteristics of the sam- 
ples in each of the five counties. While house- 
holds in the two hill counties, Tiaojiang and 
Xiangxiang, had the highest per capita income 
in 1988, households in the two lake-plain coun- 
ties, Nanxian and Anxiang, had the largest farm 
size. The main reason for the large farm size in 
the lake-plain region is that a substantial amount 
of cultivated land has been newly reclaimed from 
Dongting Lake, one of the five largest lakes in 
China. 

Education in this study refers to a household 
head’s years of formal schooling, including gen- 
eral and vocational training. China’s school sys- 





Table 1. Economic Profiles of the Study Areas 
Gross Value 
Population GNP Per Capita 
Total Agriculture Per Capita Agriculture Industry 
(1,000) (Yuan)* (Yuan) 

Nation 1,096,140 552,450 1,278 535 1,662 
Hunan 59,157 $0,356 987 512 983 
Tiaojian 765 699 836 701 494 
Xiangxiang 843 761 778 631 851 
Nanxian 678 $73 842 742 723 
Anxiang 522 429 761 660 515 
Zhijiang 316 286 713 621 479 


Source: China Statistical Yearbook, pp. 28, 51, 87, 742, 1989. 


Hunan Statistical Yearbook, pp. 375-8, 395-8, 407-10, pp. 435-38, pp. 491-2, 1989. 


* US$1 = 3.7 Yuan in 1988. 


718 August 199] 


Amer, J. Agr. Econ. 


Table 2. Characteristics of Sample Farm Households 





Tiaojian Xiangxiang Nanxian Anxiang Zhijiang 
(N = 100) (N = 100) CV = 100) (N = 100) (N = 100) 

Mean farm size (mu)? 5.0 4.9 8.1 8.4 5.9 
Mean household size (person) 4,28 4.26 4.59 4.60 4,20 
Per capita income (Yuan)° 569 607 430 492 463 
Share of income from: 

(7) Nonfarm activities (%) 39 21 19 20 29 

(ii) Sideline and animal 31 25 18 21 23 


husbandry (%) 


* 15 mu = I hectare. 
è In 1988, US$1 = 3.7 Yuan. 


tem consists of primary, secondary, and tertiary 
level. Because of a strong urban bias in the school 
system, students in rural areas are at a disad- 
vantage to compete with students in urban areas. 
. Therefore, the dropout rate in rural primary 
school is high, and only a small portion of pri- 
mary school graduates continues higher educa- 
tion.’ In the samples, only one household head 
completed college education and 93.3% of 
household heads have less than 10 years of 
schooling. The average years of schooling is 
5.52, about the level of a primary school grad- 
uate, with a large variation across age cohorts. 
The average for the cohort of household heads 
with age less than 30 is 7.85, while for the co- 
hort with age 50 or older the average is 3.91. 
The average years of schooling is 6.39 for the 
cohort of thirties and 5.37 for the cohort of for- 
ties. Thus the younger a household head is, on 
average, the better is his/her education. 

F, hybrid seeds were released to farmers in 
1976. The price of hybrid rice matched the price 
of conventional rice. However, the price of hy- 
brid seed was set officially to be ten times the 
price of conventional seed because initially the 
seed field produced about one-tenth the seed of 
a conventional rice field.* Increase in seed costs, 
however, is mitigated by reduced seed require- 
ments because of low plant density necessary in 
hybrid rice production.’ 

The yield of F, hybrids is reported to be about 


1 For an informative discussion of the issues and changes in Chi- 
na’s rural education, see Perkins and Yusuf, chap. 8. 

® The production of F, hybrid seed involves a complicated three- 
line method: (a) locating a cytoplasmic male-sterile parent plant; 
(6) crossing it with a maintainer line to produce offspring with ste- 
rility but with desirable genetic characteristics; and (c) crossing these 
seeds with a “restorer” line to produce F, seeds with normal self- 
fertilizing power. Initially the yield of hybrid seed fields was very 
low. The yield has been improved and reached one-third to one- 
half the yield of a regular field but the price ratio is still maintained. 

? Because of high-tillering rate, F, hybrids require only one-third 
to one-fourth of conventional rice’s seeding rate. 


20% higher than the conventional rice. In the 
first two years, the diffusion of hybrid rice in 
Hunan was very rapid, but it declined sharply 
in 1979 and stagnated until 1983 (see fig. 2). 
Several factors may contribute to this fluctua- 
tion and stagnation. Substantial government in- 
terventicn was used at the beginning stage. Be- 
cause rice-growing environments were diverse 
but the zange of available hybrid varieties ini- 
tially was limited, crop failures occurred in a 
number of areas owing to lack of resistance to 
local diseases. In addition, the growing time of 
the early-released hybrids was rather long (135 
days), amd the cooking quality was also a con- 
cern. However, most of the aforementioned 
problems were largely solved by 1988, the time 
of the sarvey."° 

The new household-based farming system was 
introduced in the study areas during 1981—82. 
Table 3 compares the percentages of households 
in each county that adopted and did not adopt 


' The increase in the diffusion of hybrid rice after 1983 can partly 
be attributed to the improvement in a farmer’s incentive for ac- 
quiring nev innovation resulting from the change from the collec- 
tive system. to the household-based farming system (Lin 1991). 
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Figure 2. Diffusion of hybrid rice in Hunan 
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Table 3. Changes in Adoption of Hybrid Seeds 


Tiaojian Xiangxiang Nanxian Anxiang Zhijiang 
(N = 100) (N = 100) (N = 100) (N = 100) (N = 100) 
In 1981-82 | 
Adopter 27 10 4 20 52 
Nonadopter 63 90 96 80 48 
In 1988 
Adopter 78 67 64 93 99 
Nonadopter 22 33 36 7 1 


F, hybrids at the time when the new farming 
system was introduced and in 1988. Except in 
Zhijiang, the majority of households did not adopt 
hybrids when the institutional change occurred. 
In contrast, most households in all five counties 
adopted hybrids in 1988. The higher incidence 
of early adoption in Zhijiang county probably 
reflects the fact that most households in Zhi- 
jiang grow only one crop of rice a year, while 
in the other four counties most households grow 
two crops of rice annually. Therefore, the early- 
released hybrids, with a rather long maturation 
period, could be integrated more easily into the 
cropping system in Zhijiang. 

Among the 500 households in the sample, 78% 
reported to have increased their hybrid-planted 
acreage, while only 4.2% reported that their hy- 
brid acreage was reduced. The main reason re- 
ported for increases in hybrid rice acreage was 
improvement in yield advantage (384 out 390 
households reported this reason). The releases 
of new hybrid varieties with suitable maturation 
period, however, should have also contributed 
to the increase. Our survey shows that the actual 
growing time in 1988 for early, middle, and late 
hybrids averaged, respectively, 111 days, 152 
days, and 122 days, compared to 109 days, 149 
days, and 125 days for conventional early, mid- 
dle, and late rice. 

As for government support for the adoption 
of F, hybrids, 21.2% of households reported that 
chemical fertilizers were used as an award when 
the hybrids were first promoted, and another 
2.6% reported that hybrid seed was subsidized. 
Currently, none of the surveyed households re- 
ported seed subsidies and only 4.4% of the 
households reported having fertilizer supports. '' 

The survey also asked about cooking quality 
of hybrid rice. The responses of the sample 
households indicate that this is no longer an is- 


'! This response may underreport the government’s function in 
the promotion of F; hybrid rice, as government supports are mainly 
given to the seed research and distribution system and not directly 
to individual households. 


sue. Among the 319 households growing both 
hybrids and conventional rice, 48% reported 
eating conventional rice for daily meals, while 
the other 52% reported eating hybrid rice. As 
for the rice used for special occasions like. en- 
tertaining guests and celebrating festivals, 25.4% 
reported to prefer conventional rice, 39.8% to 
prefer hybrid rice, while the remaining 34.8% 
reported having no preference. | 

Of the 500 households surveyed, 495 devoted 
part of their land to rice. Detailed information 
on the number of households using hybrid and 
conventional seed in each of the five counties 
in 1988 is reported in table 4. While only a few 
(thirteen) among the 495 households planted hy- 
brids in the early rice season, the majority of 
households adopted hybrid seed either in the 
middle season if only one crop of rice is grown 
or in the late season if two crops of rice are grown 
each year. A substantial portion of the house- 
holds in each county planted both hybrid and 
conventional rice in a single crop season. This 
practice will enable us to investigate not only 
the problem of dichotomous choice but also the 
optimal allocation of land to the production of 
hybrids. 

The reason for early hybrids not being adopted 
by most households may arise from the fact that 
the yield advantage of early hybrids with suit- 
able maturation period was not significant com- 
pared to early conventional varieties. Table 5 
reports the means and standard deviations of in- 
puts and outputs for hybrid and conventional rice 
from the samples. While the mean yields of hy- 
brids were significantly higher than those of 
conventional varieties for middle and late rice, 
the difference is not statistically significant for 
early rice. Hybrid rice’s yield advantages are 
partly offset by added requirements for chemical 
inputs and more expenditures for seed. As in- 
dicated in table 5, significantly more chemical 
inputs (chemical fertilizers and pesticides) were 
devoted to hybrids as compared to conventional 
varieties. Also, although cultivation of hybrids 
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Table 4. The Adoption of Hybrid and Conventional Rice in 1988 





Tiaoyian Xiangxiang 
(N = 100) (N = 100) 
Early Rice 
Hybrid 4 7 
Conventional 98 98 
Both 2 5 
Middle Rice 
Hybrid 0 1 
Conventional 0 0 
Both 0 0 
Late Rice 
Hybrid 79 67 
Conventional 35 49 
Both 14 18 


required only about one-third to one-fourth as 
much seed as conventional varieties, the price 
of hybrid seed is fixed as ten times that of con- 
ventional seed. Therefore, the advantage of 
growing hybrids compared to conventional va- 
rieties depends largely on the prices of chemical 
inputs and seed, even for middle and late rice. 
However, hybrid rice does not require more la- 
bor input than conventional rice. 


Empirical Analysis 
Functional Form Specification 


In the theoretical section, it was argued that the 
probability as well as the intensity of adopting 
F, hybrid seeds in rice production for a ran- 
domly selected household are functions of the 


} anxian Anxiang Zhijiang 
(E = 97) (N = 99) (N = 99) 
0 0 2 
92 98 6 
0 0 0 
8 8 99 
11 9 14 
0 2 14 
63 90 9 
78 51 0 
46 43 0 


houschokd head’s education, and other variables 
representing the household’s characteristics and 
the economic environment. It is clear from the 
theoretical model that the functions for the di- 
chotemo..s choice and for the optimal adoption 
decision should have the same set of explana- 
tory variables. Table 6 presents the definitions, 
mears, end standard deviations of the variables 
whica wli be used as regressors in the empirical 
analysis- Variables 1 to 4 are county dummies 
that represent some county-specific character- 
istics, wich affect the adoption decision but are 
not cbservable to researchers.” 


2 Tse ccunty dummies capture the effect of differences in a 
counts’s tovology, rainfall, temperature, and other physical vari- 
ables an a household’s adoption decision. Because hybrid seed pro- 
duction, distribution, and extension sevices are organized by each 
counts government, the county dummies will also capture the effect 
of difterences in these government-provided services. 


Table 5. Means and Standard Deviation—Hybrid ani Conventional Rice 





Early Rice 
Conv. Hybrid 
(N = 392) (N = 13) 
Seed (kg/mu) 11.6 3.1 
(3.7) (2.2) =" 
Fertilizer (Yuan/mu) 21.0 27.5 
(9.4) (7.9)* 
Pesticide (Yuan/mu) 5.1 7.3 
(4.7) (2.7) 
Labor (day /mu) 15.3 17.0 
l (6.4) (3.8) 
Draft animals (day /mu) 1.5 1.9 
(1.1) (1.0) 
Machine (day /mu) 5 1:3 
(.8) (1.4)** 
Rice output (kg/mu) 352.7 385.4 
(97.3) (172.1) 
Straw (kg/mu) 206.9 293.1 
(109.9) (57.4)** 


Micdle Rice Late Rice 
Com. Hybrid Conv. Hybrid 
(V=34) (N=116) (N=213) (N= 308) 
69 2.0 6.2 2.0 
is ee a 
4.7 
@ 4 00.4" (13.2) (10.7)* 
5.7 7.3 
S e a 
13. 14.4 
e A a ce (5.4) 
Li 
oy aa 
(6.9) (.31)* C8) (.9) 
270.0 432.5 323.6 386.6 
(117.8)  (124.2)*** (90.2) (85.3)"** 
211.9 295.9 240.8 296.1 
(92.4) (39.6)*** (95.7) (98. 1)*** 


Note: *, **, and ***, indicate, respectively, that the means are significantl- different at the 5%, 1%, and 0.1% level of confidence. 
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Table 6. Variable Definitions, Means, and Standard Deviations 





Dependent variables: 


(1) AHR Adoption dichotomous = 1 if middle or late hybrid rice is adopted, 82 
0 otherwise (.39) 

(2) PHR Percentage of middle and late rice area grown with hybrid seeds .69 
(.40) 

Independent variables: 

(1) C2 County dummy variable = 1 if Nanxian County, 0 otherwise -20 
(.40) 

(2) C3 County dummy variable = 1 if Anxiang County, 0 otherwise .20 
(.40) 

(3) C4 County dummy variable = 1 if Zhijiang County, O otherwise .20 
(.40) 

(4) C5 County dummy variable = 1 if Xiangxiang County, 0 otherwise .20 
(.40) 

(5) Ps Price of hybrid rice seed (Yuan/kg) 4.07 
(.63) 

(6) Pf Price of chemical fertilizer (Yuan/kg) 41 
(.49) 

(7) Pp Price of pesticide (Yuan/kg) 10.06 
(2.49) 

(8) LAND Land area cultivated (in mu, 1 ha = 15 mu) 6.46 
(2.97) 

(9) LABOR Number of adults 4.39 
(1.22) 

(10) CAPITAL Value of capital equipment (in Yuan) 459.22 
(653.24) 

(11) CR Credit dummy = 1, if formal credit used in the previous two years, 41 
0 otherwise (.49) 

(12) Quota Rice procurement quote dummy variable = 1 if quota exists, 0 .97 
otherwise (.16) 

(13) Avedu Average education level of other adult household members (in years) 5.18 
(2.27) 

(14) Job Job dummy of household head, = 1 if nonfarm, 0 if farm 10 
(.30) 

(15) Sex Sex of household head, = | if female, 0 otherwise .04 
(.19) 

(16) Agryrs Household head’s experience in agriculture (in years) 23.66 
(11.61) 

(17) Eduhead Education level of household head (in years) 5.49 
(2.58) 


Variables 5 to 7 are price variables, repre- 
senting the economic environment. Theoreti- 
cally, the prices of seed, fertilizer, and pesticide 
relevant to the decision to adopt hybrid seeds 
should be expected prices. Because data on ex- 
pected prices are not available, the actual prices 
a household paid were used as proxies for ex- 
pected prices." If significant differences exist 
between expected prices and actual prices, the 
estimates of parameters may be biased. The price 
of rice is not included in the list because no cross- 
sectional variation in rice price existed. Because 
the information on wage, rent, and interest rate 
are not available, wage, rent, and interest rate 
are not include either. 


'3 The prices are derived from each household’s actual expen- 
ditures on seeds, fertilizers, and pesticides, dividing by the quan- 
tities of seeds, fertilizers, and pesticides. Because some portion of 
each of the inputs was rationed and some was purchased from mar- 
kets, the derived prices are the average prices paid by a household. 


Variables 8 to 13 represent the household- 
specific characteristics, including endowments 
in landholding, labor, and capital, dummies for 
credit availability and state rice procurement 
quota, and the average education level of adult 
household members (excluding the household 
head).'* The last group of variables was the 
household head’s personal characteristics, in- 
cluding dummies for job type and sex, years of 
experience in agriculture, and years of educa- 
tion. 

As for the dependent variables in the analysis, 
only the adoption decision with respect to mid- 
dle rice and late rice is considered. Early rice is 
excluded because the data indicate that adapted 


Because information on the availability of credit does not exist, 
the incidence of taking formal credit in the previous two years was 
used as a proxy for credit availability. However, this proxy may 
not reflect actual credit availability because the absence of borrow- 
ing may indicate that a household has enough funds of its own. 
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early hybrids are not yet available. In the di- 
chotomous choice model, a household is con- 
sidered as an adopter if it grew either middle 
hybrids or late hybrids. In the model of optimal 
adoption decision, the dependent variable is the 
percentage of total rice acreage planted with hy- 
brids in both the middle and late rice seasons.” 

The theoretical model suggests that if the 
functional forms of D(E) and C,(Ole;, Z;, E) are 
linear, and the unobservable variable e; is iden- 
tically and independently distributed as the nor- 
mal distribution over the population, then probit 
is the appropriate method for estimating the un- 
known parameters in the dichotomous choice 
model. Similarly, if the functional form of r(eje,, 
Z; E) is linear in the explanatory variables and 
€; has a normal distribution, then the two-limit 
tobit is the appropriate method for estimating the 
unknown parameters in the optimal adoption rate 
equation. Therefore, the probit and tobit model 
will be applied to estimate the following func- 
tion: 


(14) 
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the role of education in decisions about the 
adoption of new technology. — 

As for zhe effects of other independent vari- 
ables on the probability of adopting hybrid seed, 
the estimates in column (1) indicate that a 
household head’s number of years of experi- 
ences in agriculture, the existence of govern- 
ment procurement quota, and the size of a farm’s 
cultivated land also have significantly positive 
impacts, and the price of hybrid seed has a sig- 
nificant megative impact. Other economic and 
householc. characteristic variables do not have a 
significant effect. The positive impact of farm 
size on pzobability of adoption may arise from 
the economies of scale in acquiring information, 
credit, and/or hybrid seeds. As for the optimal 
adoption decision, column (2) of table 7 indi- 
cates that, besides a household head’s education 
level and county dummies, a household’s cap- 
ital endowment is the only variable to have sig- 
nificant effect (at 10% level). This result im- 


X =a, + a,C2 + a3,C3 + a,C4 + a,C5 + BiLnFs + BLnPf + B,LnPp 


+ y,LnLand + y,LnLabor + y,LnCapital + y,CR + y;Quota + y,Avedu 
+ ô; Job + 3,Sex + ð Agryrs + 6,Eduhead + €,; 

X = AHR (dummy variable for the dichotomous choice) or PHR 
(percentage of acreage planted with hybrids). 


The price variables and input endowments are 
the logarithms of their respective quantities. This 
is because under the assumption of Cobb-Doug- 
las production functions, the logarithmic nor- 
malized production function is a linear function 
in the natural logarithms of the normalized prices 
and the fixed inputs, and is also linear in the 
characteristic variables (Jamison and Lau, p. 
203). 


Empirical Results 


The empirical results are presented in table 7. 
The estimates of coefficients indicate that a 
household head’s education level has a positive 
effect both on the probability of adoption and 
the intensity of adoption of F, hybrids, as pre- 
dicted by the theoretical model. The estimates 
are different from zero at a .1% level of signif- 
icance in the dichotomous choice model and at 
a 5% level of significance in the optimal adop- 
tion decision model. This evidence gives sup- 
port in a Chinese context to Schultz’s thesis about 


15 Most households grow either middle or late rice, but not both. 


plies thet higher investment in fixed inputs 
increases the proportion of land used in hybrids. 


Concluding Comments 


This paper has focused on the role of education 
in a farm. household’s decision about whether to 
adopt and the optimal intensity of adoption of 
F, hybrid rice in China. A simple behavioral 
model was developed in which adoption of new 
technology was treated as a portfolio selection 
problem. and the implications of the model were 
tested with data collected from a sample of 500 
househo.ds from five counties in Hunan Prov- 
ince. Tre empirical results are consistent with 
the impfications of the role of education in the 
theoretical model: A household head’s level of 
educaticn has positive and statistically signifi- 
cant effects on the household’s probability and 
intensity of adopting F, hybrid seed. 

Because technological change is the main force 
in agricultural development, the evidence in the 
paper stpports arguments for increasing state in- 
vestmerts in rural education in order to facilitate 
technological change in agriculture. In addition, 
a farm’s size has a positive effect on the deci- 


Lin 


Table 7. Probit Estimates for Dichotomous 
Adoption and Two-Limit Tobit Estimates for 
Adoption Rate of Hybrid Seed 





Two-limit 
Probit Tobit 
AHR PHR 
Dependent Variable: (1) (2) 
Independent Variable: 
Constant —3.40 —.8i 
= oe (.73) 
ae — .38 
a (1 oe (2.26) 
= —.85 
a Jo (3.15) 
: —.15 
(1.56) (.60) 
C5 5.69 85 
P 95 ae 
s =i l 
p og an 
: —.2 
P aT OP 
P ; .21 
(1.45) (.86) 
LAND 74 .040 
(2.91)*** (.24) 
LABOR —.24 ae 
(.76) (.80) 
CAPITAL .05 .076 
Ag od (1.88)* 
1 — 08 
(1.04) (.70) 
Quota .69 44 
(1.79)* (1.33) 
Avedu —.01 O15 
(.31) (.59) 
Job 14 —.048 
r on oe 
ex : 4 
(1.21) (1.53) 
Agryrs .02 .0025 
(1.78)* (.44) 
Eduhead .16 052 
(3.61)*** (1.91)** 
Log likelihood ~ 177.86 ~— 426.73 


Note: Figures in parentheses are absolute values of asymptotic t- 
statistics; *, **, and *** indicate that the estimates are significantly 
different from zero at .1, .05, and .01 level of confidence, re- 
spectively; definitions of variables are provided in table 6. 


sion to adopt F, hybrids. This evidence suggests 
that the small farm size predominant following 
the household-based farming institutional re- 
form may pose a restraint to technological change 
and thus supports the argument for further lib- 
eralization in land markets, in order to facilitate 
consolidation through land market transac- 
tions. s 


$ Although collectivization can solve the probiem of farm size, 

it will reduce a farmer’s incentives for farming as well as adopting 
new technology (Lin 1988, 1991), therefore, collectivization should 
be excluded as an alternative for solving the problem of farm size. 
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Incorporating Technological Change 
in Diffusion Models 


Mary K. Knudson 


The theoretical and empirical implications of a static and dynamic Icgistic diffusion — 
model are compared. The dynamic model relaxes some assumptions of the static model 
by allowing for a flexible adoption ceiling, for changes in the technology, and for 
disadoption. Both models were used to estimate the diffusion of semi-dwarf wheat 
varieties in the United States. The dynamic model provides a better fit to the data and 
provides additional insights into the economic determinants of adoption. In particular, 
the importance of technological change in other areas (here, in fertilizer) on the 


diffusion path of an innovation was shown. 


Key words: diffusion, semi-dwarf wheat varieties, technological change. 


In constructing diffision models, economists have 
faced a difficult trade-off. A host of probabilis- 
tic frameworks (such as the logistic, probit, and 
Gompertz; see Griliches 1957, Dixon) permit 
straightforward estimation of the diffusion trend 
of an innovation. Ease of estimation, however, 
comes at the cost of exogenously determined (and 
often theoretically unjustified) constraints on the 
rate of adoption and on the point at which the 
greatest rate of adoption occurs. For example, 
the logistic model requires the greatest rate of 
adoption to occur when 50% of the population 
has adopted the innovation. (For further criti- 
cisms of the static diffusion framework, see Ma- 
hejan and Peterson 1985.) 

A number of the theoretically troublesome as- 
sumptions of the static diffusion model have been 
relaxed by Metcalfe and Gibbons. They present 
a dynamic diffusion framework which allows the 
inflection point of the diffusion curve to arise 
endogenously from the specifications of the 
model. Their model is of further interest be- 
cause it depicts explicitly the interactive rela- 
tionship between research and development and 
diffusion/adoption. Unfortunately, the data re- 
quirements for estimation of the Metcalfe and 
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Gibbons model are onerous. For example, input 
costs, including research costs, are required. 
However, firms are typically unwilling to re- 
lease such input data. 

This paper presents a method for overcoming 
data limitations in estimating dynamic diffusion 
models while incorporating additional variables 
to explain technological change. This method- 
ology has potential application to a variety of 
diffusion cases, including the adoption of her- 
bicide-resistant crop varieties and low-input ag- 
ricultural practices. The technique is applied to 
estimating the diffusion of semi-dwarf wheat 
varieties (SDWVs). SDWVs are an important 
yield-increasing biological innovation which has 
substantially altered the agricultural practices of 
wheat growers in the United States. To empha- 
size the value of the dynamic approach, results 
from the dynamic model will be compared to 
estimates from a more traditional static diffusion 
model. As shall be shown, the dynamic model 
not only provides better estimates of the diffu- 
sion of semi-dwarf wheat, but also allows the 
researcher to determine the impact on the dif- 
fusion process of a variety of factors not incor- 
porated within the traditional static model. 

This paper is organized as follows. The first 
section presents the traditional static diffusion 
model, followed by Metcalfe and Gibbon’s gen- 
eralization to the dynamic case. The third sec- 
tion indicates how market data can be used to 
yield estimates for dynamic diffusion trends. The 
fourth section presents the results of a general- 
ized least squares estimation of the traditional 
static diffusion model and of a dynamic diffu- 
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sion model for semi-dwarf wheat. Finally, some 
concluding remarks are made. 


A Basic Diffusion Model 


The basic diffusion process contains four com- 
ponents: the innovation, the social system in 
which the innovation is being adopted, channels 
of communication, and time (Metcalfe and Gib- 
bons, Mahajan and Peterson 1985, Bayer and 
Melone). The innovation component represents 
the new product being diffused. Inherent in the 
new product are characteristics that affect its 
diffusion.’ A social system is comprised of in- 
dividuals, organizations, or agencies and their 
adopting strategies. How a total group of adop- 
ters transmits information about an innovation 
depends on how heterogenous and cohesive a 
group of adopters is. The ways that adopters pass 
on information about an innovatioon are the 
channels of communication. Finally, time is the 
period over which a social system adopts an in- 
novation. Because these four components are 
present in every diffusion process, any realistic 
model of diffusion must incorporate them. 

In addition, six basic assumptions underlie the 
diffusion model (See, for example, Mahajan and 
Peterson 1985.): (A1) The adoption decision is 
binary. An individual adopts or does not adopt. 
(A2) A fixed, finite ceiling N” exists. (A3) The 
coefficient of diffusion (defined below) is fixed 
over time. (A4) The innovation is not modified 
once introduced, and its diffusion is indepen- 
dent from the diffusion of other innovations. (A5) 
One adoption is permitted per adopting unit and 
this decision cannot be rescinded. (A6) A social 
system’s geographical boundaries stay constant 
over a diffusion process. 

Incorporating the four components, and as- 
suming (A1)—(A6), the basic diffusion model 
takes the following functional form (This dis- 
cussion follows the notation found in Mahajan 
and Peterson 1985.): 


(1) dN(t)/dt = g(t) IN“ — NÒ], 
where dN(t)/dt is the rate of diffusion at time 


l Economists sometimes classify innovations into process and 
product. A process innovation is an input to a production process. 
A product innovation is an end product. Generally, product inno- 
vations are easier to assess than process innovations because their 
performance can be measured directly. However, many innovations 
fall into both categories. That is, one firm’s product innovation, 
say a seed variety, may become a process innovation for another 
firm. For the purposes of this paper, what category the innovation 
falls into does not matter as long as it is measurable. For simplicity, 
product is used. 
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t, (or, more simply, changes in adoption over 
time) where ¢t begins at to; g(f) is the coefficient 
of diffusion. This coefficient indicates how fast 
and to what degree adoption occurs. The higher 
the coefficient, the earlier and greater degree of 
adoption of an innovation. 

The cumulative number of adopters at time ¢ 
is (f), or 


ND) = | n(Ddt, 


fo 


and n(t) is the number of adopters per time pe- 
riod t; N” is the maximum number of adopters 
in a social system over time t. The number of 
potential adopters left at time £ is N” — N(2). 

While it is clear how innovation and time fit 
into model (1), the entry of social system and 
channels of communication are not directly ap- 
parent. Their effect is found in the diffusion 
coefficient, g(t). The specific form of g(t) re- 
flects the influence of the social system and the 
channels of communication on the diffusion 
process. For example, when a social system is 
heterogenous, fragmented, and lacks commu- 
nication, g(t) = b, where b represents the nat- 
ural rate of diffusion, i.e., that rate which oc- 
curs without any other influence. The resulting 
diffusion model, dN()/dt = bIN” — N(d], is 
called the external influence model. However, 
when the social system is homogenous and 
communicative, 2(f) = bN(t), where b still is the 
natural rate of adoption and M(t) is the impact 
adopters have on the remaining number of non- 
adopters, N“ — N(t). The resulting diffusion 
model, 


(2) 


is known both as an internal influence model 
and as the logistic model; it was used to estimate 
the diffusion of hybrid corn in Griliches’ (1957) 
seminal piece. 

The logistic model imposes an S-shaped, 
symmetric diffusion trend with a maximum dif- 
fusion rate occurring when 50% of the potential 
cumulative adopters have adopted.’ It is based 
on the premise that diffusion occurs through in- 
terpersonal contacts among a group of homog- 
enous adopters (Mansfield). But not all diffu- 
sion models require symmetry around a 50% 
inflection point. For example, the Gompertz 
model, dN(t)/dt = bN(t) (logN* — N(d), im- 


dN(t)/dt = bN(t) (N“ — ND), 


? For proofs of the logistic model’s inflection point and its sym- 
metric diffusion trend, see Mahajan and Peterson 1985, pp. 27— 
28. 
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poses an asymmetric trend with the maximum 
diffusion rate occurring when 37% of the po- 
tential cumulative adopters have adopted.’ The 
assumption here is that although adopters are 
homogenous, early adopters are relatively more 
cohesive than middle and late adopters; there- 
fore, they adopt at a faster pace. Dixon used the 
Gompertz and traditional logistic models to 
reestimate the diffusion of hybrid corn. He found 
the Gompertz model was a more accurate mea- 
sure of hybrid corn diffusion. 

Because farmers within a region or country 
often have similar production practices (homog- 
enous) and communicate well with each other 
(cohesive), it makes sense to use a traditional 
logistic model to estimate the diffusion of an ag- 
ricultural innovation (Mahajan and Peterson 
1985). Hence, in this paper, the traditional 1o- 
gistic model is uscd to estimate the diffusion of 
semidwarf wheat. Because this model will be 
compared to a dynamic model, the traditional 
logistic model will hereafter be called the static 
logistic model. 


Dynamic Diffusion Models 


Static diffusion models work best when the 
adoption process being modeled satisfies the as- 
sumptions (A1)~—(A6) listed above, and when the 
inflection point for the adoption trend occurs at 
the same point as the inflection point for the 
functional forms listed above. For many appli- 
cations, however, static diffusion models are open 
to two objections. First, in many cases there will 
be no rationale ex ante for assuming that dif- 
fusion follows a particular trend. Second, the 
assumption of a fixed ceiling on the adopting 
population is unrealistic in most economic con- 
texts. For example, the potential number of 
adopters of a biological innovation will vary de- 
pending upon the availability of the innovation, 


3 A Gompertz model takes the form, dN(t)/dt = bN(t) [logN™ 
— N(t)], where b, and N(‘) and N™ are as defined in the text. The 
following is a proof that the Gompertz model has a maximum dif- 
fusion rate when 37% of the potential adopters adopt and is asym- 
metric. 

Let N be expressed as a fraction of N”, so dN(t)/dt = bN(n) 
al ~ log() becomes (dNG)/dt) (1/N") = b(N@)/N") dog(N"/ 

N”) — log(@v@) /N")), Let F() = N/N”, and ignore the subscript 
t for convenience; (dN(2)/df) (1 /N”) becomes dF {dt = bF (log — 
logF) = bF (log(1 /F)). 

To find the maximum growth rate, F”, differentiate with respect 
to F; (dF /dt)/dF = blog(1/F) — bFM(1/F™) = 0; rearranging, 
blog /F") = b log(1/F") = 1 or F” = 0.37. The maximum dif- 
fusion rate occurs when 37% of the potential adopters have adopted 
and is skewed to the left, making the diffusion trend asymmetric. 
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which itself is a result of the PERAE 
efforts o7 firms. 

Models are needed that allow more flexibility 
with regerd to the inflection and symmetry points 
(Mahajam and Peterson 1985, Knudson). Dy- 
namic models allow the determinants of diffu- 
sion to change every time period, and, hence, 
may more accurately measure the rate of adop- 
tion than a static model. For example, as the 
real price of an innovation decreases and sta- 
bilizes, an innovation becomes more attractive 
and is adopted more rapidly. A dynamic model 
could capture this change; a static model could 
not. 

In addition, as a result of its flexible form, 
dynamic models can include more variables that 
affect diffusion and therefore measure more di- 
rectly these factors’ impact. For instance, the 
impact cf such factors as prices or profit can be 
includec in the diffusion model. Conceptually, 
then, a diffusion trend becomes an envelope of 
individual, distinct diffusion trends that a set of 
distinct variables define in each time period 
(Chow; Mahajan and Peterson 1978, rae Met- 

calfe andi Gibbons; Stoneman). 

Studies by Mahajan and Peterson (1978) and 
by Metcalfe and Gibbons were used to develop 
such a dynamic model. In particular, the Ma- 
hajan and Peterson study established an ap- 
proach tor modifying static models. They began 
by relaxing assumption (A2), which states that 
N™ is fixed and finite, claiming that (A2) is in- 
consisteat with theory and practice. To make N” 
dynamiz, Mahajan and Peterson defined N” as 
a function f(s()), where s(t) is a vector of “(po- 
tentiallv) all relevant exogenous ‘and endoge- 
nous factors, both controllable and uncontroll- 
able, affecting N”(O” (p. 1590). How well f(s) 
represeats N” (£) depends on the accuracy in es- 
timatins s(f) and the closeness of s(t) or f(s(t)) 
in measuring N“(1). Hence, by redefining s(t) 
or f(s(), this approach can be tailored to mea- 
sure the diffusion of distinctly different inno- 
vations. 

Metcalfe and Gibbons relaxed assumptions 
(A2)—(A4) to build a dynamic model that is 
“based. upon the simultaneous development of 
market demand and the accumulation of pro- 
ductive capacity” (p. 5). They take a static lo- 
gistic nodel and make N” (£) a function of a 
simple market demand equation, c — ap(t), where 
p(fi is prices paid by the consumer at time tz. 
Their p(t) is determined endogenously within an 
industry; hence, it represents the equilibrium price 
(reflec:ing the growth rate capacity and profit 
rate of a firm). Their model takes the final form; 


Knudson 
(3) dN()/dt = g(t) N” — NOI. 


where g(f) is a function of technology, the nat- 
ural rate of diffusion, and the capacity for a firm 
to invest in research and development. 

The approach utilized by Metcalfe and Gib- 
bons relaxes many of the basic assumptions of 
the diffusion model listed in the preceding sec- 
tion. By allowing the adoption ceiling to be a 
function of time (as well as technology and the 
parameters of equilibrium demand and supply), 
the assumption of a fixed adoption ceiling (A2) 
is relaxed. All three components g(f) listed above 
may change every time period; hence (A3) (the 
assumption that the diffusion coefficient is fixed) 
is relaxed. (A4) is relaxed as the model allows 
directly for improvements in the innovation and 
for improvements in the means of producing the 
innovation. (For further details of model (3); see 
Metcalfe and Gibbons and Metcalfe.) 


Modeling the Diffusion of Semi-Dwarf 
Wheat 


Metcalfe and Gibbons present their model as a 
means of incorporating the full effects of the in- 
vention side in the diffusion process. Unfortu- 
nately, the cost data required for the profit rate 
equation are virtually impossible to obtain. Sim- 
ilarly, revenue for a research project is difficult 
to obtain, and as a result one cannot estimate 
marginal revenue to approximate marginal cost. 
Furthermore, not many proxies for research costs 
are available. The Metcalfe and Gibbons model, 
while theoretically appealing, is difficult to es- 
timate empirically. 

A model overcoming these data limitations was 
developed to estimate the diffusion of semi-dwarf 
wheat varieties (SDWV) across the U.S. Let the 
maximum number of adopters be a function of 
a wheat supply function, N Mi) = f(s(t)) = yA, 
where y is the supply of wheat from semi-dwarf 
wheat seeds that farmers produce in time t. More 
specifically, 


(4) yoruf (pr), pp), pf O) 
=c + alpr(t — 1) + a*pp(t — 1) 
+a pf (t= I) 


where pr(t — 1) is the price farmers receive for 
a bushel of grain in year £ — 1, pp(t — 1) is the 
price paid for SDWV seed in time t — 1, and 
pf(t — 1) is the price paid for fertilizer in time 
aaa 

Two factors stand out in this functional form 
(3). First, the price variables are lagged one year. 
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Because a substantial lag exists between the time 
when production decisions are made to when 
production ends, price variables are often lagged. 
In this case, the hypothesis that a producer’s ex- 
pectation of prices is based on relatively recent 
experience is used (Tomek and Robinson). Sec- . 
ond, the price variables are not deflated by a 
common deflator. Instead, the price variable that 
would have been the deflector is represented as 
a separate variable. In this case, the effect of 
fertilizer prices is measured. 

Measuring the impact of fertilizer prices as an 
independent variable makes sense for two rea- 
sons. First, for the innovation studied here 
(SDWV), high yields were obtained through the 
use of heavier fertilizer application. Therefore, 
the use of fertilizer as a deflator may bias the 
regression results (Tomek and Robinson). Sec- 
ond, because fertilizer prices fluctuated greatly 
in the 1970s, separating prices received and other 
input prices from fertilizer prices allows for more 
accurate measurements of the impact of these 
variables on supply (Meilke). 

The main difference between this model of 
diffusion and that of Metcalfe and Gibbons is 
that prices are now exogenous. However, be- 
cause the supply function depends on factors that 
affect a farmer’s decision to adopt, a supply 
function still connects the stages of research and 
development and diffusion/adoption. For ex- 
ample, suppose high fertilizer prices deter the 
adoption of SDWV. A firm may use this infor- 
mation to develop SDWVs that are less depen- 
dent on fertilizer. Furthermore, as prices favor 
a particular production process, such as SDWV 
and increased fertilizer use, farm producers may 
use these inputs to utilize a profitable opportu- 
nity (Schumpeter). Work by Peterson, and Tim- 
mer and Falcon show for various commodities 
that as the real price of the agricultural product 
increases, its supply also increases. Hence, a 
supply function similar to that found in equation 
(4) also captures the ceiling of SDWV adop- 
tion. 

Substituting (4) for N” in equation (1) yields 


(5) dN(t)/dt = bN(O (c + a'pr(t — 1) 
+ app(t — 1) + @pfít — 1) - NO), 


where dN(t)/dt is the rate of diffusion in time 
t, N(t) is the number of adopters in time i, b is 
the natural rate of adoption, and c, a’ a’, a’, prit 


4 The demand elasticity is assumed not equal to zero since in that 
case firms would not respond to the lowered price of the innova- 
tion, Therefore, technological change would have no effect on the 
firm. 
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— 1), pp(t — 1), and pf(t — 1) are defined above. 
In equation (5), as in the Mahajan and Peterson 
model, the maximum number of adopters does 
not remain fixed over time; therefore, (A2) is 
relaxed. Similar to the Metcalfe and Gibbons 
model, the innovation is allowed to change over 
the diffusion process through the supply func- 
tion found in equation (4); hence, (A4) is re- 
laxed. 


Estimating the Diffusion of SDWV 


The parameters for the static logistic model (2) 
and the dynamic logistic model (5) are esti- 
mated by rewriting each equation in its discrete 
analogue form and then applying generalized least 
squares (GLS) (Mahajan and Peterson 1985, 
Bass, Chow, Bayer and Melone, White).” In 
terms of its discrete analogue form, dN(t)/dt = 
N@) — N(t — 1). Substituting the discrete ana- 
logue form into the static logistic model (2), and 
multiplying the right-hand side of (2) out, (2) 
becomes 


(6) NO) — NE — 1) = (BNINA) — bN, 


where bN” = A, — b = E, and N(t) and NO? 
are the same as they were [in (2)]. Equation (6) 
becomes by substitution, 


(1) NO — NG — 1) = ANO + ENO’. 


Doing the same for the dynamic logistic model, 
equation (5) becomes 


(8) NO — NG -— 1) = Go)N}O 

+ (ba')N(t) pr(t — 1) + (ba?)N()pp(t — 1) 

+ (bN pftt — 1) — (HDN. 

Let A = bc, B = ba’, C = ba’, D = ba’, and 
E = —b, and substitute, A, B, C, D, and E for 
these terms in (8). Now, (8) becomes 
(9) NÐ — NG — 1) = AN() + BN(Ðpr(t — 1) 

+ CN(t)pp(t — 1) + DN(@pfitt — 1) + EN()’. 
One can now apply GLS to both equations (7) 
and (9). 

For both models, the A coefficient is expected 
to be positive and the E coefficient negative. The 


greater the increase in the number of adopters, 
N(t), between two time periods, the greater the 


$ The Goldfeld-Quandt test for heteroskedasticity was statisti- 
cally significant and was corrected following the methodology of 
White. 


Amer, J. Agr. Econ. — 


diffusionrate, N(t) — N(t — 1). However, as the 
number cf adopters increases, the number of po- 
tential acopters decreases. Adoption continues 
to increase but at a decreasing rate. 

For the dynamic logistic model, a positive B 
coefficient is expected and negative C and D 
coefficients are expected. Producers supply more 
of a commodity as its real market price in- 
creases. Hence, as prices increase, so does 
adoption. and the diffusion rate. However, as an 
input price decreases, assuming everything else 
remains =onstant, the profitability of using that 
input increases, causing its adoption to increase. 


Variables Used 


Both the static and dynamic logistic models use 
the variazle N(t). In addition, the dynamic model 
also uses the variables pr(t — 1), pp(t — 1), and 
pf(t — _). N(O is measured by the percentage 
of total wheat land planted to SDWV’s. This 
measure is a flexible variable, capable of cap- 
turing disadoption trends. This allows one to take 
advantage of relaxing assumption (A5). 

An alcernative measure of N( is the area of 
land planted with SDWV’s. One advantage of 
using the relative measure is to maintain con- 
sistency with other studies that measured the 
diffusior. of a new crop variety. Griliches (1957) 
and Dixon used percentage of corn land planted 
to hybrid corn to measure hybrid corn adoption. 
A second justification for using the relative 
measure is that this study addresses the extent 
to which wheat farmers use SDWVs as opposed 
to tradi-ional varieties. Because the only com- 
mercial alternative for wheat farmers is either 
the traditional or the SDW option, the relative 
proportion of wheat land going to SDW allows 
one to track the adoption of SDWV over tra- 
ditional varieties within the adoption population 
of interest, i.e., wheat farmers. By contrast, us- 
ing the absolute measure gives no insight into 
the adopting behavior of wheat farmers because 
increases in the total land planted with SDWVs 
need not reflect displacement of the more tra- 
ditional varieties.° 

Data on the percent of SDWV acreage rela- 
tive to total wheat acreage are collected from a 


© As a zheck, the model was rerun using the absolute acreage 
measure. The results were confusing. For example, the coefficients 
for A(z) iraply that the adoption occurred first in regions where the 
SDW’V technology appeared last and conflicts with evidence (such 
as the data from the Wheat Marketing Survey) that shows other- 
wise. This result may reflect the erratic wheat acreages during the 
1960s anc. 1970s. 
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wheat marketing survey by U.S. Department of 
Agriculture (USDA) every five years. These data 
are aggregated so the unit of analysis is on a per 
state basis. The survey is run across forty-two 
states. Data on SDWV acreage allotment are 
available for forty-one of these states. Florida is 
excluded because of lack of data for many years 
on their wheat plantings. 

The survey years for which SDWV data are 
available are (a) 1959, 1964, 1969, 1974, 1979, 
and 1984 for Idaho, Montana, Nevada, Oregon, 
and Washington; and (b) 1964, 1969, 1974, 
1979, and 1984 for the remaining thirty-six states. 

The three price variables in the model (Pr, 
Pp, and Pf) are measured as follows: Pr, ex- 
pected wheat prices received, is set equal to the 
average annual price received per bushel of 
wheat. (N(¢ — 1) refers to the preceding wheat 
survey year. However, the price variables are 
lagged only one year.) The price received “al- 
lows for unredeemed loans and government pur- 
_ chases values at the average loan and purchase 

rate” (USDA ERS, p. 24). Expected prices paid 
for seed, Pp, equals the average annual price 
paid for seed. The USDA publishes seasonal av- 
erage wheat price data. Finally, Pf, expected 
prices paid for fertilizer, is measured by total 
plant nutrient expenditures (million dollars) 
(Pf*Qf, where Pf is price of plant nutrients and 
Qf is quantity of plant nutrients) divided by the 
quantity of plant nutrients consumed on the na- 
tional level (1,000 tons), i.e., Pf*Of/Of = Pf. 
This price accounts for technological improve- 
ments in fertilizer. As improvements occur, a 
unit of fertilizer will produce more nutrients, 
hence, reducing the real price of fertilizer. Be- 
cause prices using plant nutrients are adjusted 
for quality and USDA fertilizer prices are not, 
USDA fertilizer prices are biased upwards. 
Therefore, this study used this measure (Pf*Qf/ 
Pf) of fertilizer prices. 
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Table 2. Characteristics for States within 
Each Group 


Group Wheat Market Class 
Gl White 

G2 Hard Red Spring 

G3 Hard Red Winter 
G4 Soft Red Winter 

G5 Soft Red Winter 


Cross-Sectional and Time-Series Data 


Because of the lack of time-series data on a per 
state basis and the abundance of cross-sectional 
data, equations (7) and (9) were estimated using 
cross-sectional and time-series data. The level 
of analysis using cross-sectional and time-series 
data is the individual as opposed to a time point. 
For this study, the movement of SDWV adop- 
tion in one region will be described relative to 
its movement in another region. The advantage 
is that all adopters’ behavior will be directly 
comparable. 

Equations (7) and (9) must be reformulated 
for use in cross-sectional and time-series anal- 
ysis using a slope dummy variabile framework. 
The forty-one states are divided into five groups 
based on their location and similarity in wheat 
and growing conditions. See tables 1 and 2 for 
a listing of the groups and their characteristics. 

A base group was selected to provide a means 
of comparing SDWV diffusion rates between re- 
gions. The other groups were formulated using 
dummy variables. The model measures the dif- 
fusion of SDWV for the base group and how 
the other groups differ directly from the base 
group. Therefore, the base group must be dif- 
ferent enough from the rest of the groups so that 
Statistical differences between groups: can be 
picked up. In this study, a good base group would 


Table 1. State Groups 

Group One (G1) Group Two (G2) Group Three (G3) Group Four (G4) Group Five (G5) 

(West) (Upper Midwest) (Plains) (South) (East) 

Arizona Michigan Colorado Alabama Delaware 

California Minnesota Hlinois Arkansas Indiana 

Idaho Montana lowa Georgia Kentucky 

Nevada New York Kansas Louisiana Maryland 

New Mexico North Dakota Missouri Mississippi New Jersey 

Oregon South Dakota Nebraska North Carolina Ohio 

Utah Wisconsin Oklahoma South Carolina Pennsylvania 

Washington Texas Tennessee Virginia 
Wyoming West Virginia 
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be one where either high or low SDWV diffu- 
sion occurred. Since SDWV diffusion was most 
rapid in Group 1, the West, this region was cho- 
sen as the base group.’ 


Results and Discussion 


The results of the static logistic model (7) and 
the dynamic logistic model (9) are presented in 
tables 3 and 4, respectively. In both tables, the 
reported coefficients equal the coefficients from 
the base group plus the coefficient from the 
dummy variable for that particular variable in 
that region. The standard errors and 7-statistics, 
however, are for the test that the coefficient for 
that region is significantly different from the 
coefficient for the base region (the West). Only 
the 7-statistic for the West region is appropriate 
for determining whether the coefficient is sig- 
nificantly different from zero. 

Overall, the dynamic model provides a better 
fit to the data than the static model. Adjusting 


* Each of the groups act as one unit. The states within each group 
have fairly homogenous SDWV diffusion rates. Some states within 
a group may lag behind. But, because of the spillover effect, close 
locality, and similar market classes of wheat grown, it is assumed 
SDWY technology was similarly transferred among these states. 

In order to check the homogeneity among states within each group, 
each group was run by itself in a cross-section and time-series lo- 
gistic framework. The base states were Oregon, New York, Okla- 
homa, South Carolina, and Virginia. With the exception of Kansas, 
Texas, Indiana, Pennsylvania, North Carolina, and Mississippi, the 
states, within their respective groups, were not significantly dif- 
ferent from the base group. Other groupings were also tested, but 
only this division gave strong results within and between regions. 
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for additonal explanatory variables in the dy- 
namic model increased the R-squared measure 
from 0.46 to 0.67. In addition, the pattern of 
diffusion in the two models is quite similar. 
Considering the coefficients on N and N?, both 
models show similar patterns of signs for the 
coefficients. In the West and Upper Midwest, 
increases in the number of cumulative adopters 
leads to increases in the diffusion rate, although 
the increases occur at a diminishing rate for larger 
numbers of cumulative adopters. This deceler- 
ation is 20t observed in any of the other three 
regions, where both the static and the dynamic 
diffusior models show a positive coefficient for 
the N and N? coefficients. However, these pos- 
itive coe=ficients for N? for the Plains, the South, 
and the Zast may indicate that SDWV have not 
yet fully diffused in these regions. 

Analysis of the value of wheat relative to total 
farm prcduction in each region substantiates the 
patterns revealed in the N and N? coefficients. 
As noted in Griliches (1958), the higher the to- 
tal value of a crop, the faster the acceptance rate. 
Wheat has the highest value in the West, the 
upper Midwest, and the Plains. The South and 
the East lag behind. This relationship suggests 
that adcption of SDWVs has progressed most 
fully in the West and upper Midwest, and less 
so in. the other regions. If true, this result sug- 
gests that future empirical analysis of the dif- 
fusicn cf SDWVs in the Plains, South, and East 
should yield the expected negative coefficient 
N’, as the regions become saturated and in- 
creases in land devoted to SDWVs decelerates. 





Table 3. Results from Estimating a Static Logistic Using Only the Number of Adopters 


Variable Coefficient 
West (G1) 

N 0.8204025 
N? l —0.0077 12485 
Upper Midwest (G2) 

N 90.4267331 
N? —0.001141102 
Plains (G3) 

N 0.6785527 
N i 0.000907691705 
South (G4) 

N 0.2359555 
N? 0.00471732 
East (G5) 

N 0. 1846409 
N? 0.0121731 
RBAR**2 .46 

D.F 159 


Standard Error T-Statistic 
0.2500690 3.280704 
0.003044787 —2.533013 
0.332618) 1.183548 

—0,005183085 1.267852 
0.3200809 0.443 1686 
0.00458963 1.848004 
0.3761646 1.5537 
0.005530218 2.247616 
0.3420848 1.858491 
0.00550287 3.71505 





Note: States and characteristics of each group are found in tables 1 and 2. 
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Table 4. Results from Estimating a Dynamic Logistic Using the Number of Adopters, Prices 
Received, Prices Paid, and Fertilizer Prices for Five Groups 





Variable Coefficient 
West (G1) 

N 1.179268 

Pr ~— .09329465 
Pp .05736491 
Pf ~ 5.787621 

N’ — 002765783 
Upper Midwest (G2) 

N 1.076938 

Pr .04508504 
Pp .4549232 
Pf —21.07764 

N? — 006138496 
Plains (G3) 

N 1.42598 

Pr —~ 3351066 
Pp .0971373 
Pf — 1.78292 

N’ .001267546 
South (G4) 

N 1.251281 

Pr — 5080875 
Pp -— 1513808 
Pf 9.663808 

N? .001882715 
East (G5) © 

N 5686835 
Pr — 2944101 
Pp ~~ 01216012 
PF 4.847369 

N? .008456703 
RBAR**2 67 

D.F. 144 


Standard 
Error T-Statistic 
.2736722 4.309052 
.05053714 — 1.846061 
.06157661 .9316114 
2.434321 —2.377509 
.002829609 — .9774436 
.3117690 — .3282208 
.06622319 2.089596 
.1012592 3.926146 
3.468241 — 4.408580 
.003294418 — 1.023766 
1.301191 . 1896052 
.4511594 —,5359790 
.08452221 .4705556 
4.063782 .9854614 
.004928605 .8183510 - 
.3435780 .2095975 
.1913784 —2.167397 
.09975378 —2.092610 
4.728954 3.267410 
.004080817 1.139110 
.3426880 1.781749 
_ .2310009 — ,8'706264 
.1352383 — 5140929 
7.445705 1.428339 
.004070585 2.756971 


' States and characteristics of each group are found in tables 1 and 2. 


The price coefficients from the dynamic model 
are less enlightening. In particular, the signs on 
the coefficients for the prices received (Pr) and 
prices paid for seed (Pp) do not follow any clear 
pattern. There are four potential explanations for 
this failure." First, farmers may not be price re- 
sponsive, at least to these two variables. Sec- 
ond, these price variables may have a signifi- 
cant effect but not in a way that the model 
estimated here can uncover. For example, prices 
paid for seed may interact with another variable 


8 The dynamic model was run using long-term prices for all three 
variables (measured by a five-year lagged average). Long-term prices 


not only gave signs that followed less of a pattern than those ob- ` 


tained in the short-run prices case, but also had lower r-statistics. 
Thus, it is not the use of short-run output prices per se that is re- 
sponsible for the pattern of coefficients on the price variables. The- 
oretical justification for the use of one-year lagged prices is pre- 
sented in Tomek and Robinson. 


(such as farm income), and through this inter- 
active effect may significantly affect adoption. 
Finally, coefficient estimates may be confused 
because of the lack of variation on the Pr and 
Pp variables. For example, this lack of variation 
may be attributed in the former case to govern- 
ment programs maintaining artificially high prices 
for wheat. Fourth, the estimated model suffers 
from collinearity, since the price variables are 
all multiplied by N, which is also an indepen- 
dent variable in the model.’ 


? The correlations between N and NPr and between N and NPp 


were roughly 0.9. The correlation between N and NPf was slightly 
less. Although there are techniques to correct for near multicolli- 
nearity, such as bayesian mixed estimation and adding data, neither 
were feasible here (because of the lack of a second data set). Re- 
sults from models with multicollinearity are unbiased, although in- 
efficient. This implies that multicollinearity cannot account for the 
switched signs on some of the price variables, although it may ac- 
count for the small t-statistics. 
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On the other hand, fertilizer prices (Pf) have 
influenced the diffusion of SDWV, particularly 
in the West, the Upper Midwest, and the Plains 
(the three high value-of-wheat regions). For these 
three regions, the sign is correct, indicating that 
as the price of this input decreases, farmers pur- 
chased more SDWV seed. It is not surprising 
that fertilizer prices have a significant impact on 
SDWYV diffusion. The improved yield capacity 
of SDWV over standard tall varieties was largely 
the result of its ability to withstand heavier heads 
brought about by increased fertilizer applica- 
tions. 

Fertilizer prices appear less important in ex- 
plaining the behavior of the late-adopting re- 
gions of the South and the East. This result is 
consistent with Cochrane’s treadmill theory 
(Cochrane 1958, 1986). According to Coch- 
rane, as diffusion proceeds, the role of prices 
may diminish if the higher production dampens 
prices. While the initial increase in production 
because of the adoption of a new technology may 
not be enough to increase total supply, early 
adopters reap the benefits of new technologies 
through receiving old prices and increasing out- 
put per unit of input. However, middle and late 
adopters cause supply to increase appreciably. 
As aresult, middle and late adopters do not ben- 
efit from an increase in the total value product 
over an increase in total costs. 


Concluding Comments 


This paper has presented a method by which dif- 
fusion models can incorporate dynamic factors 
such as changes in the maximum number of 
adopters and in the technology and the possi- 
bility of disadoption. The approach allows the 
researcher to avoid the extreme data burdens (in 
particular, the necessity for cost data) that arise 
in other dynamic diffusion models. This method 
was used to estimate the diffusion of semi-dwarf 
wheat varieties (SDWVs) in the United States 
from 1959—84. Comparisons with results from 
a static diffusion mode] show that the dynamic 
model provides a better fit to the data as well 
as offering insights into the economic determi- 
nants of adoption. 

The results of this paper also indicate the im- 
portance of including other innovations that af- 
fect the diffusion or development of the inno- 
vation being studied. The pattern of adoption of 
SDWV’s was affected to a considerable extent 
by changes in fertilizer prices, which them- 
selves resulted from technological innovations 
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in the feztilizer industry. Incorporating these 
complex relationships may be necessary in order 
to explair satisfactorily the patterns of adoption 
of technoldgical innovations. For example, a firm 
trying to market herbicide resistant varieties must 
consider the price of herbicide and other inputs 
as well az the management skills needed to as- 
sure the prompt adoption of these new varieties. 
Policy analysts may need to consider how price 
affects tte adoption of new agricultural prac- 
tices, such as low input agricultural practices. 
This point is pertinent to many agricultural 
process imnovations being developed today. Due 
to the poor prices of the 1980s, and the current 
concern >ver the: environment, many agricul- 
tural companies are marketing production pack- 
ages instead of just one input. Hence, they need 
models, such as the one developed in this paper, 
that allow for the impact of another innovation. 


[Received April 1989; final revision received 
November 1990.] 
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A Bayesian Approach to Explaining 
Sequential Adoption of Components 
of a Technological Package 


Howard D. Leathers and Melinda Smale 


Agricultural innovations are often promoted as a package——a new seed variety, a 
recommended fertilizer application, and other recommended cultivation practices. 
Nevertheless, many farmers adopt pieces of the package rather than the whole, in a 
sequential fashion. This paper presents a behavioral model which explains sequential 
adoption as a consequence of learning by adopting farmers. In order to .earn more 
about the entire technological package, the farmer may adopt a part of tne package. The 
model is shown to be consistent with observed patterns of sequential adoption. 


Key words: Bayesian learning, diffusion of technology, technology adoption. 


In U.S. agriculture before 1950, the “Green 
Revolution” of the 1960s, and in other regions 
since then, agricultural research institutions have 
developed and promoted innovations as pack- 
ages of farming practices consisting of a seed 
variety, fertilizer application, and other culti- 
vation techniques (Moseman, Ryan and Subrah- 
manyam, Lele and Goldsmith). Empirical evi- 
dence suggests, however, that farmers often adopt 
pieces of the package rather than the whole, in 
a sequence or “stepwise” fashion (Byerlee and 
Hesse de Polanco, Mann, Ryan and Subrah- 
manyam). 

Economists working with agricultural re- 
search institutions have argued that sequential 
adoption may reflect rational choice by farmers, 
but the reasons for the decision are not clearly 
understood. Byerlee and Hesse de Polanco state 
that “because of capital scarcity and risk con- 
siderations, farmers are rarely in a position to 
adopt complete packages” (p. 519). Even when 
provided with advantageous credit and input de- 
livery arrangements,.“farmers . . . experiment 
with recommendations, often adopting them in 
stages rather than as a complete package” 
(Cummings, p. 24). In their review of literature 
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on agricultural innovations in developing coun- 
tries, Feder, Just, and Zilberman conclude that 
“further work is needed to understand any order 
and regularity in such chain processes” (p. 288). 

Explanations for sequential adoption have not 
yet been. framed in a behavioral model, and most 
behavioral models have investigated the factors 
that affect the adoption of a single component 
or a package, rather than the pattern of com- 
ponent adoption (O’Mara; Hiebert; Lindner, 
Fischer, and Pardey; Lindner; Lindner and 
Fischer}. Feder’s model is one of the first to ex- 
plore how the interrelationship between rec- 
ommended inputs influences a farmer’s adop- 
tion decision. 

In this paper, we offer a Bayesian model that 
explains sequential adoption even when farmers 
are risk neutral and unconstrained in their ex- 
penditu-es. The model depicts a farmer who is 
uncertazn whether the information she/he re- 
ceives about a recommended innovation accu- 
rately Gescribes her/his own prospects. Uncer- 
tainty is reduced but may not be resolved through 
experience. The model demonstrates that in or- 
der to learn more about the innovation, the farmer 
may ckoose to adopt a component rather than 
the package, even when the package is more 
profitable. 

Emp.rical evidence of sequential adoption is 
reviewed in the next section, and several plau- 
sible explanations for sequential adoption are 
explored. Following the Cummings suggestion 
that facmers adopt components to “experiment” 
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with recommendations, a Bayesian model of 
learning is presented which can explain sequen- 
tial adoption. A simplified version of the model 
illustrates the main points and the implications 
of the model are discussed. 


Evidence on and Explanations of Sequential 
Adoption 


In a variety of settings, new technologies have 
been introduced as packages of innovations 
(Moseman, Lele and Goldsmith). Typically, the 
technological package is developed by interdis- 
ciplinary teams of plant breeders, agronomists, 
and soil scientists that seek to maximize yield 
by capturing the biological and chemical inter- 
actions among its components. In a rural envi- 
ronment where information dissemination costs 
are high, the package represents a “clear model 
to strive for in the longer run” and rewards early 
adopters with “dramatic yield increases to mo- 
tivate others” (Mann, p. 75). Technological 
packages are designed to exploit interactions 
among the components. For example, yield in- 
creases from adoption of new seed may be fur- 
ther improved by applying appropriate levels of 
fertilizer and irrigation or modifying plant den- 
sity. 

The question to be addressed is: Since these 
interactions exist, why do farmers adopt pieces 
of the package at first (failing to take advantage 
of the interactions), and only later adopt the en- 
tire package? Empirical evidence of sequential 
adoption has been found in Turkey, Mexico, In- 
dia, Pakistan, and Zimbabwe. (See Mann, 
Byerlee and Hesse de Polanco, Husain, Low- 
dermilk, Heisey et al., CIMMYT, Rohrbach, 
Ryan and Subrahmanyam). The empirical evi- 
dence shows the following: (a) For the most part, 
farmers choose to adopt inputs sequentially, 
adopting initially only a part of the package and 
subsequently adding components over time. (b) 
In some instances, farmers adopt a component 
and subsequently revert to the traditional agri- 
cultural practices. (c) Adoption patterns vary by 
agroecological zone (i.e., in one part of Paki- 
stan, a new Seed is typically adopted first; while 
in a different part of Pakistan, fertilizer is adopted 
first). (d) Adoption patterns vary within agroe- 
cological zones, among farmers facing similar 
markets and institutions. 

The authors cited above have identified prof- 
itability, riskiness, uncertainty, lumpiness of in- 
vestment, and institutional constraints as pos- 
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sible explanations for sequential adoption. A 
simple economic explanation of adoption be- 
havior would suggest that a farmer will choose 
the most profitable technology and will continue 
to use that technology as long as relative prices 
remain unchanged. This simple model suggests: 
(i) Farmers operating under identical conditions 
will choose identical technological combina- 
tions, contradicting observation (d) above. (ii) 
As economic conditions change, farmers will 
switch from a component to the whole package 
in some cases, and from the whole package to 
a component in other cases, contradicting ob- 
servation (a). 

Ryan and Subrahmanyam postulated that “each 
part of the package might be looked upon by 
farmers as a less risky activity than the complete 
package in terms of what the farmer could lose 
if crop failure results” (p. A101). In other words, 
although expected profits may be maximized by 
adopting the package, expected utility may be 
maximized by adopting a component. This ex- 
plains why a farmer chooses a part rather than 
the package, but not how the choice evolves over 
successive seasons. To explain adoption se- 
quences, the approach requires assumptions about 
systematic changes in risk parameters or under- 
lying preferences. / 

Ryan and Subrahmanyam found that the ad- 
ditional profits earned per unit of expenditures 
on a practice requiring “minimal change” was 
at least as great as the profit rate associated with 
the more complex, expensive packages. They 
argue that sequential adoption of components is 
a rational choice for a farmer with limited cash. 
As cash is accumulated from producing with the 
parts of the package, farmers will add compo- 
nents until the entire package has been adopted. 
This explanation suggests that a constrained 
farmer will adopt the choice which has the high- 
est profit per dollar of expense, while an un- 
constrained farmer will adopt the choice which 
has highest profits. 

Thus, a credit constraint can explain why a 
farmer may adopt a component even when the 
package is more profitable. However, the ex- 
planation exhibits two weaknesses. First, the 
model predicts that within a region, all credit- 
constrained farmers facing the same set of rel- 
ative prices would adopt technological compo- 
nents in the same sequence. Second, when the 
input package displays “profit rate complemen- 
tarity” (as defined by Ryan and Subrahmanyam, 
when the profit per dollar of expense is higher 
for the package than for any component), a credit 
constraint cannot explain why the farmer chooses 
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part rather than all of the package.’ When profit 
rate complementarity exists, the credit-con- 
strained farmer will adopt the whole package but 
perhaps on a smaller part of the land. If the ad- 
ditional assumption is added that the farmer must 
purchase the package in large, indivisible units, 
the credit constraint model can predict adoption 
of a part even when the package has the highest 
profit to cost ratio. By contrast, in the Mexican, 
Pakistani, and Zimbabwean cases cited above, 
the package inputs were described as highly div- 
isible, variable inputs. 


A Bayesian Approach to Technology 
Adoption 


None of the above hypotheses is a consistent ex- 
planation of observed sequential adoption be- 
havior. Cummings’s observation that farmers 
experiment with recommendations suggests a 
learning model as a possible explanation. Many 
economists have used Bayesian approaches to 
explain aspects of technology adoption (O’Mara; 
Jensen; Hiebert; Stoneman; Feder; various pa- 
pers by Lindner and others; Grossman, Kihls- 
trom, and Mirman). 

Of special interest is Cyert and deGroot’s 
model of financial decisions of a firm. In the 
model, the firm is considering investment in a 
large, fixed asset, and personnel may understate 
certain perceived risks associated with the proj- 
ect in order to obtain funding. Managers may 
choose to divide the investment into parts or 
modules that enable them to invest sequentially 
according to revised profitability expectations. 
Their decision is complicated by the fact that 
higher investment levels may provide more ac- 
curate information while increasing the invest- 
ment risks. Cyert and DeGroot also show that 
it may be optimal for managers to invest par- 
tially Gin some modules) if they can invest se- 
quentially, even when the optimal investment 
would be zero in nonsequential conditions. 

The notion that a choice will generate not only 
income but also information forms the basis of 
a behavioral model in which sequential adoption 
_of new technology is a rational response. A gen- 
eral form of the model is presented in this sec- 
tion, followed by a simplified version illustrat- 
ing the main points in the next section. 

A producer will be in business T periods. Each 


! Profit rate complementarity implies profit complementarity as 
defined by Feder, when profits of the package exceed profits of 
any component. 
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period, the producer chooses an action d, from 
the decis:on set D,. The choice each period gen- 
erates stcchastic income y,(d,, €), where é, is the 


-Tealizaticn of a random variable e with proba- 


bility density function, f. The probability den- 
sity funccion is not known with certainty but is 
known u2 to a vector 0. The decision maker has 
beliefs about what values 0 can take; these be- 
liefs are characterized by a probability density 
function 2,(6@; I) which is a function of the in- 
formation possessed by the decision maker in 
period ¢ (Z). The information about @ includes 
the decision maker’s past observations of d and 
y, as well as any other information « available 
at time č J, = I(d,<;, Yq, t). The probability 
distribut.on g, is derived by a Bayesian update 
of the prior distribution, g,-,, using the infor- 
mation set /,. 

The cecision maker maximizes the present 
value of subjective expected utility (using dis- 
counting factor @): 

T 


Max >) EU, 


do,. be ndr t=) 


where EU, = Sf U(yfd,, e)f (€, 6)g(0, L) de dd. 
The problem is solved by backward induction, 
and the solution is the sequence {d*}, for t = 
Oead 
The cecision in any period is 
l T 


Max EU y(d,) + 2 5 Max EUKMId)), 


i=f+1 dis. 


where E, denotes the expectation in period ¢ and 
U; denctes the utility in period i. This represen- 
tation cecomposes the effect of each period’s 
choice <nto a direct effect influencing income in 
that period y,, and the indirect effect of influ- 
encing the information available in future pe- 
riods. The “full information optimum” is the 
choice 4° which maximizes f U(y,d,, Qf (€, 6% 
de, where 6” is the true (full information) value 
of 8. KC full information becomes available at 
period 7, then for all tr = f, g(0 = 1, g(6 # 
0^) = G, the informational content of any choice 
d, is zero and d¥ = df. However, for t < f, 
d* will differ from df whenever the sacrifice in 
expected utility in the current period is more than 
compensated by higher expected utility in future 
periods obtained with the better information. 
This model is intentionally a very general 
model of producer decisions in the presence of 
risk amd incomplete information. Sequential 
adapticn of parts of a new technology is only 
one pact of the decision-making process. Tech- 
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nology adoption consists of three distinct deci- 
sions within one optimization problem: a dis- 
crete choice of technological package, a 


continuous choice of land allocation between the- 


new and traditional technology, and a choice of 
input levels. In the context of the above model, 
the choice set D, may consist of elements which 
specify the components of new technology, the 
extent of new versus traditional agricultural 
techniques, and the intensity of adoption. For 
example, one element of D, might be “use tra- 
ditional growing techniques on two hectares, a 
new seed variety at the recommended seeding 
rate on one hectare, and the new seed variety at 
80% of the recommended seeding rate on two 
hectares. 

This paper focuses on the first of these three 
decisions: which components of the new tech- 
nology to adopt. It is clear how this model of- 
fers an explanation for observed sequential 
adoption behavior. If the package is the com- 
bination of components which performs best 
among all possible combinations of new tech- 
niques, d? will include the recommended pack- 
age (perhaps along with traditional growing 
practices). 

However, in periods t = t, if the information 
gleaned from adopting a part of the package is 
a better bargain than information gleaned from 
adopting the package as a whole, d* may in- 
clude some component or components of the 
package, rather than the entire package. Cer- 
tainly, if farmers can learn about the whole 
package by buying only a part of it, there will 
be an information incentive to buy the part rather 
than the whole.’ 

This model is consistent with all empirically 
observed facts. For the most part, individuals 
will move from the part to the whole package 
as they gain better information about the pack- 
age. Occasionally, individuals will learn that the 
package is not appropriate for them. Normal 
adoption patterns will differ from region to re- 
gion because of differences in direct effects and 
informational effects. Adoption patterns will 
differ from individual to individual within a re- 
gion because of differences in the Bayesian priors 
of individuals in period zero. All of these points 


* The decision of how extensively to apply the new (experimen- 
tal) technique will be influenced by the farmer’s subjective judg- 
ment about its ultimate applicability. If the farmer is doubtful about 
whether the new technology is an improvement on traditional prac- 


tices, he/she may try the new technique on only a small portion ` 


of land. This will be especially true if the farmer can learn as much 
from trying the new technique on a small versus a big plot. 
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are illustrated in the simple illustration pre- 
sented below. 


A Simple Illustration 


The general model of learning relies on two ba- 
sic conditions: the farmer is uncertain about the 
net returns associated with adopting a new tech- 
nological package, and the uncertainty may not 
be resolved by adopting the package. The farmer 
operates for two production periods (T = 2), and 
decides in each period whether to adopt a new 
seed variety, a commercial fertilizer, or both. 
Thus the decision set contains three elements: 
D, = {S, F, B}, where S represents the adoption 
of seed, F the adoption of fertilizer, and B the 
adoption of both). The decision is influenced by 
information that an extension agent provides 
about the effectiveness of the techniques. The 
extension agent claims that the additional costs 
and returns associated with adoption of the new 
techniques are those shown in table 1. Rs, Rr, 
Rp are expected revenues from the possible 
choices, Cs, Cr, Cp are costs of the choices, a, 
B, y are probabilities, and s, f, and b are con- 
stants. 

The farmer is not certain that these figures 
correctly indicate how new techniques will per- 
form on his/her fields.’ If the extension agent’s 
report is not valid for his/her farm, the farmer 
believes that additional costs and returns are 
shown in table 2. 

Both of the basic conditions of the model are 
met. First, the farmer is uncertain about which 
of the two tables is appropriate to his/her farm. 
Second, because the “low revenue” when the 
report is valid is identical to the “high revenue” 
when the report is not valid, farming experience 
will not always eliminate uncertainty. If this 
ambiguous level of revenues is observed, the 
farmer cannot distinguish whether it expresses a 
high revenue and an invalid report or low rev- 
enue and a valid report. 

Superscripts 1 and 2 refer to periods, and sub- 
scripts $, F, and B denote the adoption of seed 
only, fertilizer only, or both seed and fertilizer. 
Expected profits earned in a period by the farmer, 
conditional on a valid extension report, are de- 


> A farmer’s experience may differ from extension claims be- 
cause of differences in objectives, agroecological conditions, or re- 
lated technology (Herdt). Research institutions work with “groups 
of farmers for whom the frequency distributions of expected yield 
increments will not be very compact due to agroclimatic variabil- 
ity” (Perrin and Winkiemann, p. 892). 
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Table 1. Additional per Hectare Costs and Returns of New Techniques If Extension Report 





Is Valid 
Probability Probability 
Low of Low High of High Expected 
Technique Revenue Revenue Revenue Revenue Revenue Cost 
Seed R, — s/(i — a) (1 — a) R, + s/a a R, C, 
Fertilizer Rr ~ f/A — P) (1 = p) Rr + f/B B Rp Cr 
Botk Ra ~ b/0 -Y (1 -— y) Rs + b/y Y Rg Ca 


noted by 7 (e.g., 7, = Rg — Cp). Expected 
profits conditional on an invalid extension re- 
port are denoted by u (e.g., ug = (1 — YR — 
b — Cz). The farmer believes that the report is 
valid with probability ô. The farmer’s subjective 
unconditional expected profit is denoted by y 


(e.g., Ws = Om, + (1 — ô)up). 


In this example, farmers are assumed risk . 


neutral. In addition, certain relationships be- 
tween inputs are also assumed in constructing 
the model, and are contained in the expressions: 


(1) 
(2) Hs < Mp <0, Mp < py <0. 


The first assumption formalizes the notion that 
the components of the technological package are 
profit complementary and implies that adopting 
either part of the package is preferred to the tra- 
ditional technique when the extension report is 
valid.* The second assumption states that the 
components are complementary even when the 
extension report is invalid and implies that un- 
der those conditions the (risk-neutral) farmer 
prefers current techniques. The two assump- 
tions, combined, indicate that the farmer’s un- 
conditional expected profits are higher with the 
package than with any part, or 


(3) bp > P and Ye > pr. 


Tg > Ws >O, Tp > Tr > 0; 


* Unlike the credit constraint explanation of sequential adoption, 
we make no assumptions about profit complementarity: II,/C; > 
II,/C, > T-/H¢ is permitted, but not required, by this formulation. 


For ease of exposition, 6 is defined to range 
in magnitude close enough to 1 that Yg > 0. The 
inequality can be reversed without affecting the 
fundamental arguments generated by the model. 

The farmer operates for two periods, using 
experience gained in the first period to guide his/ 
her choice in the second by updating, according 
to Bayes’s rule, the subjective judgment about 
the value of 6. When only seed is adopted in the 
first period, the farmer faces one of three pos- 
sible outcomes. An outcome of (R, + s/a) proves 
that the extension report is valid, and the farmer 
updates the first-period subjective probability (6°) 
to [6° = 1] in the second period. An outcome 
of zero revenue confirms that the extension agent 
is wrong, and the farmer’s updated subjective 
probability is [5° = 0]. In either of the two out- 
comes, the first-period experiment eliminates | 
uncertainty in the second period. 

By contrast, an outcome of R, — [s/(1 — @)] 
is ambiguous: the farmer cannot determine 
whether the outcome occurred because the ex- 
tension report is invalid, and the technology 
performed well; or because the report is valid, 
but the technology performed poorly. When 
first-period choice results in this ambiguous level 
of revenue, the farmer’s updated subjective 
probability is & = [6'(1 — a)]/[(1 — a)’ + 
1 — 06')] = 6'. In other words, the updated sub- 
jective probability is the same as the prior. 
Analogous alternative outcomes exist for a tech- 
nology choice of fertilizer only or the package 
of both seed and fertilizer. 

As the problem is formulated, the experience 


Table 2. Additional per Hectare Costs and Returns of New Techniques If Extension Report 


Is Not Valid 





Probability Probability 
Low of Low High of High Expected 
Technique Revenue Revenue Revenue Revenue _ Revenue Cost 
Seed 0 a Rs — s/G — a) (1 — a) (1 — a)R; — s Ge 
Fertilizer 0 B Re- f0 -A 0-A (1-BRe-f C; 
Both 0 Y Ra — b/(1 — y) (-y (d-—yR, -b Ca 
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of the first period will completely eliminate un- 
certainty in two cases: when revenue greater than 
R; (expected revenue when alternative i is cho- 
sen and the extension report is valid) is ob- 
served, the farmer knows that the extension re- 
port must be valid; when revenue of zero is 
observed, the farmer knows that the extension 
report must not be valid. The probability of at- 
taining certainty through the first year’s expe- 
rience is a for farmers who adopt seed only, B 


for farmers who adopt fertilizer only, and y for - 


farmers who adopt both seed and fertilizer. The 
probabilities of observing the ambiguous, mid- 
dle revenue are, respectively, (1 — a), (1 — B), 
and (1 — y). | 

The crux of this example is that observing 
middle revenue does not inform the farmer about 
the validity of the extension report. If that am- 
biguous revenue occurs, the possibility remains 
that the second-period choice will be “wrong.” 
In the second period, .the farmer may choose to 
adopt the package although the extension report 
is invalid or, conversely, may not adopt even 
though the extension report is valid. The farm- 
er’s decision about production techniques in pe- 
riod one is, therefore, influenced not only by the 
profits expected in that period but also by the 
informational content of the choice. Better in- 
formation acquired during the first period re- 
duces the chance of making the wrong choice 
in the second period. The farmer recognizes that 
the second-period decision will be affected by 
the technology choice in the first period. 

The risk-neutral farmer’s objective is to choose 
the production technique in each period from a 
set that includes the traditional technique, seed 
only, fertilizer only, and the seed-fertilizer 
package, knowing that the decision in the sec- 
ond period is affected by the first-period choice. 
The choice is conditional on the farmer’s sub- 
jective judgment about the probability that the 
extension report is valid. Some choices may be 
more informative about the package than others. 
Viewed from the first period, the farmer max- 
imizes expected profits over the two periods and 
over the set of possible outcomes. 

The farmer’s problem is solved by backward 
induction. First, the optimal choice in the sec- 
ond period is identified conditional on the value 
of ô. The parameter 5° takes one of three val- 
ues. When &* = 0, the farmer is certain that the 
extension report is invalid; he/she chooses the 
traditional farming techniques in the second pe- 
riod, and earns zero additional profit per hect- 
are. When 6° = 1, the farmer is certain that the 
extension report is valid; he/she chooses the seed- 


Technology Adoption 739 


fertilizer package and earns additional expected 


profit of Tg = Rg — Cp. When & = 6’, the farmer 
remains uncertain about the validity of the ex- 
tension report, but he/she chooses the seed-fer- 
tilizer package because, by assumption, Wp is 
positive and larger than either yf, or Wr. 

The expectation the farmer forms in the first 
period, FE’, can then be expressed in terms of 
each of the possible first period choices. If the 
farmer chooses S in the first period, total ex- 
pected profit viewed from period 1 is 


E; = by + Sa Tg + S(1 — arg 
+ (1 — &)a-0+ (1 — 801 — a)[us], 
= Ws + 5 arp +(1- ôa — æ)[ Mp]. 


If the farmer chooses F or B in the first period, 
expected profits are 


Ep = pr + Oty + (1 — X1 — Plus] 
(for fertilizer only) 

Ep = by + Sg + (1 — & (1 — YH] 
(for the package). 


The first term in each expression is expected re- 
turn in the first period from using the indicated 
technique. The remaining terms show expected 
return in the second period conditional on the 
first-period choice. 

The case of the farmer’s decision to adopt only 
seed in the first period illustrates the problem. 
If the extension report is valid (with subjective 
probability 5’), the farmer obtains revenue higher 
than R, with a probability of a and observes the 
ambiguous revenue level with probability (1 — 
a). With either outcome, the farmer adopts the 
seed-fertilizer package in the second period, and 
earns expected additional profits of mg. If the 
extension report is invalid [probability (1 — 85], 
the farmer earns zero revenue with probability 
a and the ambiguous revenue level with prob- 
ability (1 — æ) in the first period. When zero 
revenue occurs, the farmer reverts to the tradi- 
tional technique in the second period and earns 
additional profits of zero. Observing middle 
revenue leads the farmer to adopt (mistakenly) 
the seed-fertilizer package in period 2 and to earn 
(negative) additional profits of py. 


Behavioral Implications 


The above example demonstrates how the 
Bayesian model explains, without imposing in- 
stitutional constraints or assuming risk aversion, 
why farmers may adopt components of a tech- 


740 August 1991 


nological package sequentially even when the 
protitability of adopting the package is greater 
than that associated with the use of a compo- 
nent. In the first period, the farmer uses the 
technique which yields the highest expected i 
turn. A choice of seed only implies that Æi 
En, or 


Es — Ex = [bs — Ws] + (1 — &)sly ~ a] > 0. 


The difference in the expectations consists of two 
terms. 

The first term [Ys — Wp] represents the dif- 
ference in expected period one profits when the 
farmer chooses seed rather than the package. The 
term is negative by assumption; we are inter- 
ested here in the case where the package is the 
“best” choice in the long run. The second term 
expresses the difference in expected costs caused 
by a mistaken choice in the second period. The 
probability associated with the mistake is (1 — 
a) — (1 — y) = (y — a), and ug, which is neg- 
ative by assumption, is the cost of choosing to 
adopt the package in the second period when the 
“correct” (highest expected profit) choice is the 
traditional technique. As the problem is de- 
picted, a necessary condition for adoption of only 
seed in the first period is y < a, or that prob- 
ability of earning high revenue with the pack- 
age, when the extension report is valid, is less 
. than the probability of earning high revenue with 
seed only. Because y and «æ also represent the 
probability of eliminating uncertainty under each 
choice, the condition y < œ means that the 
package is less informative than seed only. For 
a farmer to sequentially adopt seed first and then 
the seed-fertilizer package, the adoption. of seed 
only must be more informative about the valid- 
ity of the agent’s report than the adoption of the 
package. Analogous results hold for adoption of 
fertilizer only. 

The model reveals some interesting insights 
into the adoption patterns described in empirical 
work. A ô' sufficiently close to one, which de- 
netes high confidence in the success of the 
package, ensures that sequential adoption will 
not occur. If the extension agent is right, and 
when farmers have other sources of information 
such as neighboring farmers, the model suggests 
that early adopters may adopt parts of the pack- 
age sequentially, while later adopters, whose 6'’s 
have been raised by the positive experience of 
neighbors, adopt the whole package. 

The model also demonstrates why farmers in 
one region tend to adopt a part of the package 
first, while farmers in another region tend to adopt 
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another. In circumstances where Ey > E} and 
EL > E}, the farmer will adopt seed first if Es 
— EL > 0 and fertilizer first if E; — El < 0. 
The order of adoption is determined by the sign 
of 


ES = EF = [bs p] + (0 -— 5') up(B — a), 


and will vary between two regions if the cor- 
responding W, Yr, Mg, œ, and B differ. Differ- 
ences in the general pattern of adoption are ex- 
plained by differences in the economic or 
agroclimetic environment that affect the profit 
distribution associated with each choice of tech- 
nique. 

The order of adoption, or the sign of E} — 
E;, is also affected by 5’, the farmer’s perceived 
probability that the extension report is accurate. 
If h; > yy and B > a, seed alone generates higher 
expected returns in the first period, but fertilizer 
alone prcvides more information. In this case, 
a farmer with a low ô! may choose fertilizer in 
the first period, while another farmer, identical 
to the first except for 6’, chooses seed. Farmers 
with similar characteristics but differing prior 
judgments about the reliability of the extension 
report may choose to adopt different compo- 
nents. Tus, the model can explain why farmers 
facing the same economic and argonomic con- 
ditions choose different adoption sequences. 

Finally , the model indicates that farmers may 
choose to adopt a particular technique because 
they are willing to pay for information to avoid 
making z mistake in subsequent periods. For ex- 
ample, when Wp is negative, the farmer’s judg- 
ment is that expected profits in a period will be 
maximized by using traditional production tech- 
niques. The farmer may nevertheless adopt a part 
or all of the package in the first period if the 
expectation, E', is positive for that choice. The 
farmer is willing to pay for information in the 
first per-od to avoid making a mistake in the 
second period. 

The analytical results of the model are not 
grounded in assumptions about the degree of in- 
put complementarity, and even when inputs 
demonstrate profit-rate complementarity, all of 
the cases described can be realized. As formu- 
lated, tte results do not depend on capital or 
credit ccnstraints that curtail input purchases or 
on risk-averse behavior. 


Concluding Comments 


Sequential or stepwise adoption of parts of a 
technological package has been observed in a 
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variety of settings, but the reasons behind it are 
only partially understood. The model presented 
in this paper is consistent with the behavior de- 
scribed by informed observers; it presents a 
plausible explanation for sequential adoption even 
under the assumptions of risk neutrality and un- 
constrained expenditures. According to this ex- 
planation, a farmer is uncertain about whether 
the new production techniques will be success- 
ful on his/her farm, and experimentation with 
techniques will not always resolve this uncer- 
tainty. Under some circumstances, the farmer 
may learn more about the innovation as a whole 
by adopting only a part of the recommended 
package. The model can explain why patterns 
of sequential adoption differ among agroecol- 
ogical regions, as well as among neighboring 
farmers operating under similar conditions. Un- 
like the credit constraint explanation described 
earlier, the Bayesian approach explains sequen- 
tial adoption even when the profit rate from 
adopting the package is greater than with any 
component. 

The model supports the perspective that se- 
quential adoption may be a rational choice for 
imperfectly informed farmers and need not be 
viewed as evidence of institutional shortcom- 
ings or farmer irrationality. If sequential adop- 
tion is a response to uncertainty on the part of 
farmers, the appropriate policy question is 
whether sequential adoption is the least-cost way 
of providing information to farmers. 


[Received November 1989; final revision 
received October 1990.] 
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On Testing the Structure of Risk 
Preferences in Agricultural 


Supply Analysis 


Rulon D. Pope and Richard E. Just 


Risk preferences broadly affect many economic decisions when markets are incomplete. 
Common representations of risk preferences are constant absolute, relative, and partial 
relative risk aversion. Each of these preference classes has distinct impacts on choice. 
An econometric test for distinguishing the class of preferences is proposed and 
implemented for potato supply response in Idaho. The data reject constant absolute and 
partial relative risk aversion and are congruent with constant relative risk aversion. 


Key words: risk, risk preferences, supply response. 


The model of the price-uncertain, competitive, 
single-product firm has received much attention 
in a wide variety of theoretical analyses (e.g., 
Sandmo, Katz, Briys and Eeckhoudt, Ishii, Hey, 
Chavas and Pope). A rather complete set of the- 
oretical restrictions has emerged which depends 
crucially on risk preferences. Three classes 
emerge as important benchmarks: constant ab- 
solute risk aversion (CARA), constant relative 
risk aversion (CRRA), and constant partial rel- 
ative risk aversion (CPRRA). These three classes 
are important not only for null hypotheses from 
which to accept (or reject) rising or falling risk 
aversion but are important in their own right. 
For example, these three classes imply, respec- 
tively, (a) changes in the location of initial wealth 
do not alter decisions, (b) changes in the scale 
of wealth do not affect decisions, and (c) changes 
in profit or the scale of the bet do not alter de- 
cisions. Each of these implications has impor- 
tant ramifications. For example, CARA is cru- 
cial to exact welfare analysis (Pope, Chavas, and 
Just), while CRRA implies that a proportional 
wealth tax or wealth sharing does not alter de- 
cisions. For CPRRA, the scale of, or the exis- 
tence of, profit sharing or tax would not affect 
decisions (Pope). 

In addition to this conceptual work, a grow- 
ing body of empirical work has found evidence 
of risk aversion and risk response. This includes 
both firm-level and aggregate analysis (compare 
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Binswanger, Just, Holland). In both ap- 
proaches, important information is obtained. 
Firm-level analysis suffers from less aggrega- 
tion bias and filters and controls extraneous fac- 
tors more directly. However, aggregate analysis 
generally gives the kinds of measures that are 
needed for policy analysis. The econometric 
evidence in Hansen and Singleton, Friend and 
Blume, Siegel and Hoban, Wolf and Pohlman, 
and Szpiro finds support for risk-averse behav- 
ior; but whether risk aversion is constant, de- 
creasing, or increasing remains ambiguous. De- 
creasing absolute risk aversion has emerged as 
a “stylized” fact or belief, but the nature of rel- 
ative and partial relative risk aversion is in dis- 
pute. 

This paper focuses on the econometric ap- 
proach to risk response behavior for both the in- 
dividual and aggregate levels and both the sin- 
gle and multiproduct cases. Simple statistical tests 
for CARA, CRRA, and CPRRA are discussed 
and applied. These tests use only reduced-form 
econometric models of the type commonly em- 
ployed in agricultural economics research. They 
are implemented only within a single equation.’ 
These tests are applied to a potato acreage re- 
sponse model for the state of Idaho. Strong evi- 
dence is found against the hypotheses of risk 
neutrality, CARA, and CPRRA. The data lends 
credence to the hypothesis of CRRA. 


' This is important because integrability of decision functions 
(rationalizing expected utility from multiple choices) in a produc- 
tion system is only attained in very specific risk models (e.g., Just 
and Pope, Antie). 
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- The Firm’s Decisions 


The model used here is the netput model of the 
competitive firm (McFadden). Profit, 7, is p'X, 
where p is a vector of random prices and X; is 
a supply (X; > 2 or derived-demand level (X; 
<Q), i= 1, , N. Initial wealth is assumed 
nonrandom and i is denoted by Wo. Hence, final 
wealth, W, is W = Wọ + 7r. Decisions are made 
ex ante by maximizing expected utility of wealth, 
E([U(W)], subject to the feasibility condition 
(production possibility set and/or capital con- 
straint) 7(X) = 0, where U is utility; E[U(W)] 
and T are assumed smooth in X and relevant mo- 
ments of the random price vector, p. 

Given these assumptions, the optimal choices 
are characterized by 


(1) E[Uw(W )p] + ATX) = 0 
TX) = 


where subscripits denote derivatives and A is a 
Lagrangian multiplier. Solution of (1) yields op- 
timal decisions X*. 

In empirical work, the distribution of p is as- 
sumed to be summarized parametrically by {M,, 

M,}, where each M, is a vector representing 

all moments of order s.” In this case, direct ex- 
pected utility can be expressed as E[U(W)] = 
V(X, Wo, Mi, ..., M,) with optimal decisions. 


(2) X*(Wo, Mis ..., M,). 


The essential nature of the problem here is that 
W is linear in p (but not X). Thus, the basic 
capital budgeting or portfolio problem is a spe- 
cial case. 

The three risk aversion measures explored here 
are 


—U"(w) 
-— absolute risk aversion 
U'(w) 
—U"(w)w ee 
—-— relative risk aversion 
U'(w) 


? The moments are assumed to exist. Most empirica] work in- 
cludes only M, and M;, for example, where the class of stochastic 
distributions is restricted to normality (see the empirical references 
cited above). The methodology here is more generally restricted to 
a class of stochastic distributions that are completely characterized 
by a finite set of moments. 

3 For example, in one special case the individual or firm solves 
max E[U(W))} subject to £7.,X; 5 Wo, where p; is interpreted as the 
return on one invested dollar in activity i. In a common agricultural 
case, the farmer solves max, E[U(W)] subject to 22, X; s A, where 
A is available acreage, X; is the acreage allocated to crop i, and p; 
is the net returns per acre from farming crop i. 
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The first two measures are found in Arrow and 
Pratt, and the latter is from Menezes and Han- 
sen. 

A number of authors have applied expected 
utility models of the firm to profit instead of 
wealth (e.g., Sandmo, Binswanger, Antle). In 
such cases. relative and partial risk aversion are 
identical. Katz has argued that any measure us- 
ing only profit as the argument of utility (such 
as partial -elative risk aversion) is inappropriate 
since profit can be negative. Hey refutes Katz 
but shows that the possibility of negative profit 
merely imposes restrictions on U. For example, 
constant ebsolute risk aversion yields risk-pre- 
ferring behavior in the region of negative profit- 


(Hey). 


partial relative risk aversion 


Testing for Specific Forms of Risk Aversion 


As Pratt, Sandmo, and others have observed, 
changes in Wọ leave X* unchanged under CARA. 
This provides a straightforward test for CARA. 
Turning to CRRA, a simple test can be devel- 
oped by examination of (1). From Pratt (p. 134), 
if wealth is scaled by y, U(yW) and U(W) rep- 
resent the same ordering under CRRA. This leads 
to the class of Cobb-Douglas utility functions in 
wealth. Therefore, if wealth is scaled by y, the 
first-order conditions in (1) are effectively un- 
altered as is X*. A similar argument can be made 
for CPRF:A (Menezes and Hansen). If 7 is scaled 
by y under CPRRA, X* is unaltered. This leads 
to the cless of Cobb-Douglas utility functions in 
profit. 

These results hold regardless of the form of 
W. However, writing W as Wy + p’X allows 
simple and specific behavioral propositions which 
can be implemented easily. Scaling terminal 
wealth by y is equivalent to scaling both initial 
wealth, Wo, and prices, p, by y. Furthermore, 
scaling p by Y. is equivalent to scaling all mo- 
ments M, by y*." 

These ‘results imply 


* Where an element of M, is given by 


Mi(p) = Elpi ~ E(p))""(p2 ~ E(p2))™ - -- (pw 
N 
Ss a = s, scaling p = {pi .. 


imi 
= y'Mi(p). 


= E(py))™, 


«s Pu)’ by y obtains Mi(yp) 


Pope and Just 
(3) X*(yWo, YMi, "Mg, ..., YM) 


= X*(Wo, Mı, Ma, aae M,). 


That is, under CRRA decisions in (2) are almost 
homogenous of degree one in initial wealth and 
the means of p, of degree two in the second mo- 
ment of p, and degree s in the sth moment of 
p.” As in common tests for homogeneity, a Eu- 
ler equation corresponding to (3) is useful for 
testing CRRA. 


PROPOSITION 1. Under CRRA, decisions in (2) 
follow the vector equation: 


(4) (=) Wo + 5 (=) Ms=0 
PERS = VU, OF 
OW, : s=] oM, . 


(=) - (=) 

-+ ` s= 0, 
ðlnWo sm1 \ôlnM, 

where appropriate, 

Proof: Differentiate (3) with respect to y and 
evaluate at y = 1 (Pope). 

Thus, for example, if one estimates (2) in lin- 
ear logarithmic form, the weighted sum of the 
elasticities in (4) must equal zero. The weights 
are the order of the moments. Equation (4) can 
be imposed locally by imposing (4) at a point 
(Wo, M ls +e.» M,). 

The analysis for CPRRA is similar. Scaling 
a by y is equivalent to scaling all moments M, 
by y*, which implies 


(5) 











X*(Wo, YM), ceey YM, 


= X*(Wo, M,, ..3 M,). 


Thus, under CPRRA, decisions in (2) are al- 
most homogenous of degree one in the means 
of p, of degree two in the second moment of p, 
and degree s in the sth moment of p. 


PROPOSITION 2. Under CPRRA, decisions in 
(2) follow the vector Euler equation 


s (am) 
> Ms. 
s=} ðM, 
Proof: Similar to proposition 1. 


Again (6) can be imposed locally for local tests 
of CPRRA. Finally, a well-known result is stated. 





(6) 


$ Here we use the concept of almost homogeneity used, for ex- 
ample, by Lau (p. 173): A function A(z), ..., Zy) is said to be almost 
‘homogenous of degree c, ..., Cy, and zero if A(y'z,, ..., zx) 
= yh(z,, ..., zy) where y € R. Here we consider y to be positive 
and is thus positively almost homogenous. 


Structure of Risk Preferences 745 


» PROPOSITION 3. Under CARA, initial wealth 
does not alter decisions, or 


(7) oXx* 0 
dW, 

A simple example will illustrate how propo- 
sitions 1, 2, and 3 can be applied in testing for 
CARA, CRRA, and CPRRA. Suppose that p, 
is random and X¥# > 0 with p;, ..., py nonran- 
dom and X¥, ..., Xš < 0. This is the Sandmo 
model. Assuming p; is normally distributed, de- 
cisions are completely characterized by the mean 
of pı, E(p)) = po”, the variance of p,; Ppa, ... 
Py; and Wo. Under CARA, expected utility is 
maximized by equ ivalently maximizing uX, + 
Èp, X; — (r/2)Xio subject to TX) = 0 (Freund). 
Thus, oX*/dW, = O since initial wealth does 
not enter the decision. Further, because the ob- 
jective function in this particular case is linearly 
homogenous in 4, P2, ..., Py and ao”, the fol- 
lowing three tests under normality are appro- 





priate: 
D awW* f ax* 7 5 (=) 
= 0, — H —— |p 
dW, dup \ ap] 
ax*\ , 
Oe 0 for CRRA 
aise 
aw* ax* = (=) > 
9) — W, + | — 
Am (e m” | 


= 0 for CARA 


ax? "(ax 
ao (F) E, p; 


Om j=2 
ax* 
+2 a” = 0 for CPRRA. 
ao? 


The first restriction in (8) always occurs under 
CARA, whereas the second restriction is spe- 
cific to CARA under normality. It is interesting 
to contrast the Euler equations in (8)—(10) with 
those occurring under certainty or risk neutral- 
ity. Under certainty or risk neutrality, all wealth 
and variance effects are omitted. Thus, both 
certainty and risk neutrality are special cases of 
all three conditions. Finally, note that the vari- 
ance term has weight one under CARA and two 
under CRRA and CPRRA. 


An Application 


The risk response models developed by Just and 
others are applied here to potato production in 
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Idaho to test for the structure of risk preferences 
in parsimonious reduced-form models such as 
(8)-(10). Potatoes have been of longstanding 
interest to economists; their highly erratic prices 
have made potatoes a prime candidate for the 
analysis of perverse demand behavior (Dwyer 
and Lindsay), dynamic supply analysis (Zus- 
man), and risk response (Estes, Blakeslee, and 
Mittelhammer). 
The model specification is 


(11) A, = Bo + B\Wo + B-P; + BP; 
$ B,V; F BV; T B,C +e, 


where all variables are T vectors with €e ~ N(0, 
olr, i.e., €, is identically and independently 
distributed, A, is potato acreage, the B’s are pa- 
rameters to estimate; the subscripts p and s rep- 
resent potatoes and sugar beets, respectively; and 
superscript e represents the subjectively formed 


moments of output prices, where P* is mean’ 


price, V° is variance of price, and C% is covari- 
ance of prices.° Letting t denote time, the first 
two moments are defined as in Just:’ 

K 


(12) pp=0>, 1 - 0Pij= 5, p, 


=Q 
k 
d3) Vé= 60>) 1 - OPi- — Pi); 
k=0 
J=S,D, 
k 
(14) C=O) 0- OPr-r — Pi- 
k=0 


[P jrk- T PS, Afad = 8S, p 


and can be rationalized as a Bayesian learning 
process where @ is a parameter. Though the de- 
bate over rational versus adaptive expectations 
leads to important criticisms of the adaptive 
model, the choice of adaptive expectations is 
necessitated by the fact that market-level data 
are not analyzed. Further, there is no futures 
market for potatoes, and thus using spot prices 
to form expectations for the price of potatoes is 
reasonable. 

The time-series data are Idaho state-level data 
extending from 1950 through 1987.° The first 


€ Antle (1987) has stressed that inclusion of higher moments should 
be investigated. However, convergence with even two moments is 
difficult. 

7 All estimations assumed a single @ parameter in (12)—(14). The 
use of a single 8 parameter is supported by the work of Just. 

? For sources, see data Idaho Crop and Livestock Reporting Ser- 
vice and U.S. Department of Agriculture. 
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six otservations are used as a history for the 
adaptrve expectations framework. Thus, the 
model is estimated with thirty-two observations. 
The measure of wealth is the value of land and 
buildings minus associated debts. Total state po- 
tato acreege is the dependent variable, and all 
the independent variables in (11) are normalized 
by pr-ces paid for agricultural inputs in produc- 
tion. All variables are then normalized by their 
respective means. This implies that parameter 
estimates in a linear regression are elasticities at 
the areraze level of the variables. 

The rezults from nonlinear regression are pre- 
senteid in table 1. The adaptive parameter @ is 
estimatec in the unit interval with a fairly high 
level of memory indicated in the expectation 
scheme. The coefficients, Bọ — B, and @ have 
the expected signs. The sign of B; is counter- 
intuitave when the covariance term is included 
but is insignificant. It changes to a plausible sign 
wher the covariance term is excluded. In gen- 
eral, based upon the signs and precisions of 
coefficient estimates, the model with covariance 
exclidec seems better specified. 

Tte seen of Bg in the first column is indeter- 
minant so a positive value or zero is not im- 
plausible. That is, an increase in covariance tends 
to reluc> diversification and leads to more spe- 
cialization in the crop with higher expected re- 
turns. Potatoes are apparently that crop. Gen- 
erally z-ratios are large, lending strong evidence 
(99% ccnfidence) that wealth and own expec- 
tations znd variance are significant explanatory 
variables. The evidence is less strong for inclu- 
sion of cross-price effects. 

Basec upon the individual t-tests for Hy: B4, 
B,, 3¢ = O, it appears that the hypothesis of risk 
neutrality (B, = B; = Bs = 0) is soundly re- 
jected. Indeed, a likelihood ratio test of the joint 
hypothesis yields a statistic of 9.6. This exceeds 
the chi-square tabled value of one degree of 
freedom. at the .01 significance level. Wealth is 
posttively related to potato acreage (B, > 0) and 
is highly significant, ceteris paribus. Thus, 
CARA is rejected in favor of nonconstant ab- 
soltte r.sk aversion. The results also suggest re- 
ject.on of CPRRA. Thus, omission of wealth ef- 
fects ir empirical research may bias estimates 
of responses including risk effects. Because such 
weelth effects are routinely omitted in agricul- 
turel research, opportunities for exploring risk 
pre-ereices and measuring properly risk re- 
sponse ‘properly are lost. 

Table 2 contains the test results of the three 
hypothzses similar to (8)—(10). As noted earlier, 
these results soundly reject the hypothesis of 
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Pope and Just 
Table 1. Potato Supply Response—Idaho 
Coefficient 
Intercept Bo 
Wealth . B, 
Price expectation—potatoes B, 
Price expectation—sugar beets B; 
Variance—-potatoes B, 
Variance——sugar beets B; 
Covariance Bs 
Adaptive parameter 6 
SSR 
E 


With Covariance Without Covariance 


— 2350 .0192 
(.4559) (.2452) 
6831 6651 
(.0774) (.0802) 
2.6548. 2.9378 
(.7327) (.6537) 
~1.2209 ~2.0751 
(1.7610) (.2314) 
~1.6801 —1.1971 
(.61433) (.330) 
~.7385 1.0103 
(1.8857) (.2205) 
2.2339 
(2.0709) 
3258 4205 
(.1540) (.2169) 
2310 2438 
77 77 


Notes: Standard errors in parentheses are computed using the information matrix. The Hessian of the sum of squares is divided by 26°. 
The negative of the inverse of the resulting matrix is the information matrix derived from the log likelihood function. Coefficient estimates 


are elasticities at sample means. 


CARA at the 1% level. They also reject the hy- 
pothesis of CPRRA at the 1% level. Not only 
does wealth enter utility, but the Euler equation 
in (6) significantly raises the likelihood func- 
tion. The hypothesis of CRRA cannot be re- 
jected at this level. In the model with covariance 
deleted, which seems to be well specified em- 
pirically, the evidence against the CRRA hy- 
pothesis is very weak. Thus, the intuitive ar- 
guments of Arrow favoring CRRA may be useful. 


Concluding Comments 


Although much has been said about the impact 
of the structure of risk preferences on behavior, 


virtually no empirical work examines risk struc- 
ture in reduced-form demands or supplies ex- 
cept to test for the mere existence of risk aver- 
sion. As shown here, much more can be obtained 
from empirical models of risk response. Simple 
Euler equations that generalize the case of ho- 
mogeneity can be used to refute constant rela- 
tive, partial relative, or absolute risk aversion 
using only reduced-form equations that can be 
estimated econometrically using supply and de- 
mand data. 

These data reject the common practice of 
omitting wealth data in models of producer re- | 
sponse and are consistent with similar findings 
of Chavas and Holt. Policies which affect initial 
wealth, such.as tax policies or sugar policy, will 


Table 2. Test Results for CARA, CRRA, and CPRA 





Test 


Model 1-—with covariance term 


t and F Statistics* 


Significance Level’ 


CARA 10.1870 <.0001 

CRRA 2.1636 .0203 

CPRRA 18.7675 <.0001 
Model 2——without covariance term 

CARA 9.8257 <.0001 

CRRA 1.2648 .1088 

CPRRA 22.0638 <.0001 


* These tests are conducted at the sample means of initial wealth, price expectations, variances and covariances. Because testing for 
CARA is obtained by inspection of table 1, simple t-tests are used. This is asymptotically equivalent to the likelihood ratio test under 
our assumptions, For CRRA and CPRRA, asymptotic f and F tests, respectively, are used which are equivalent to likelihood ratio tests 
in large samples. 

è Significances are calculated with 24 degrees of freedom for model 1 and 25 degrees of freedom for model 2. Thus, the asymptotic tests 
are applied conservatively. 
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impact profit both directly and indirectly through 
initial wealth. Constant relative risk aversion has 
a number of modeling implications. These pref- 
erences and the log normality of wealth yields 
a very tractable model of choice (Hansen and 
Singleton). Second, risk sharing which scales 
wealth will have no effect on choice. Thus, de- 
nominating wealth in real or nominal terms leads 
to identical models of choice. Any policy change 
that proportionally alters final wealth similarly 
leaves decisions unchanged. 


[Received May 1986; final revision received 
October 1990.] 
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Factor Price Stabilization 
and the Competitive Firm 


S. Devadoss and E. Kwan Choi 


This paper investigates the effects of factor price stabilization on production decisions 
of the competitive firm with ex post production flexibility. Factor price stabilization is 
achieved through changes in the guaranteed minimum price and the imposed maximum 
price. For the risk-averse firm, the effect of factor price stabilization, through a 
mean-preserving contraction, on capital crucially depends on whether capital and the 
variable input are substitutes or complements as well as the observable characteristics of 


the variable input demand curve. 


Key words: factor price stabilization, risk aversion. 


It is well known that price uncertainty has an 
adverse impact on the supply of a risk-averse 
competitive firm which makes output decisions 
before observing the market price (Baron and 
Sandmo). Many agricultural price stabilization 
programs are designed to reduce price uncer- 


tainty. In the United States, the nonrecourse loan © 


program provides downside price protection to 
grain producers, whereas the Farmer-Owned 
Reserve (FOR) program limits the upward 
movements of prices (Wright 1985). Similarly, 
the European Community price support mech- 
anism stabilizes the grain prices. between inter- 
vention and target prices (Eeckhoudt and Han- 
sen). 

The literature which studies the impacts of price 
uncertainty on the supply side is abundant. For 
example, Turnovsky showed that price uncer- 
tainty may not have a negative impact on the 
planned output of a risk-averse firm with ex post 
production flexibility. In the same spirit, Hart- 
man (1976) introduced a two-factor model in 
which capital is a quasi-fixed input and deter- 
mined ex ante, but the variable input is chosen 
after the uncertainty is resolved. 

In a market equilibrium framework, price un- 
certainty of a primary commodity not only af- 
fects the supply side, as investigated by Baron 
and Sandmo, but also affects the demand side 
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because primary commodities are used as inputs 
in other industries. Subsequent literature in this 
area, aS summarized by Robison and Barry, has 
examined the effects of input price uncertainty 
on production decisions of the competitive firm. 
Stewart employed a two-factor model to show 
that if both factors are determined ex ante under 
input price uncertainty, a risk-averse firm uses 
less of the risky input and more of the riskless 
input than a risk-neutral firm. Perrakis has shown 
that with ex post input flexibility input price un- 
certainty introduces a definite bias on factor de- 
mands even for risk-neutral firms. 

In a recent study Wright (1984) considered a 
competitive firm with flexibility in both the 
variable input and output, and analyzed the ef- 
fects of input price uncertainty on factor de- 
mands of a risk-neutral firm.’ He showed that 
“the response of the quasi-fixed factor, and the 
expected short-run response of the variable fac- 
tor, are directly related to observable character- 
istics of the input demand and output supply 
functions” (p. 443). Specifically, he showed that 
input price uncertainty increases (decreases) the 
optimal level of the quasi-fixed input of a risk- 
neutral firm if the slope of the variable input 
demand curve becomes flatter (steeper) as the 
quasi-fixed input increases. Wright’s analysis 
represents an important contribution to the the- 
ory of the competitive firm with ex post pro- 
duction flexibility. 

The purpose of this paper is to investigate the 
effects of factor price stabilization policies on 


| Wright also considered output price uncertainty. 
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input demands and output supply of the com- 
petitive firm with ex post production flexibility. 
The firm is assumed to use primary commodi- 
ties (e.g., corn and wheat) as inputs. The dis- 
tinguishing feature of this study is that the ran- 
dom input price is bounded by guaranteed 
minimum (floor) and imposed maximum (ceil- 
ing) prices. Factor price stabilization is imple- 
mented by a mean-preserving contraction (MPC) 
in the input price by changing the price floor 
and ceiling simultaneously. This type of MPC 
was first proposed by Eeckhoudt and Hansen to 
analyze the effect of a marginal change in out- 
put price uncertainty on supply. This approach 
captures the essence of stylized price stabiliza- 
tion policies widely adopted in the United States 
and the European Economic Community (EEC). 
For example, U.S. price support programs gen- 
erally limit the movements of corn and wheat 
prices between the price floor (loan rate) and 
price ceiling (release price). Similarly, the EEC 
generally stabilizes domestic prices between in- 
tervention and target prices. 

The paper is organized as follows. The sec- 
ond section presents the properties of the vari- 
able input demand and the short-run supply 
functions. The third section considers a risk- 
averse firm and examines the effects of changes 
in maximum and minimum prices on the opti- 
mal level of capital. The effects of an MPC on 
capital, expected variable input, and expected 
output supply are also included. The paper ends 
with a summary. and concluding remarks. 


Short-Run Behavior of the Competitive 
Firm 


To lay the basis for analyzing the effects of in- 
put price uncertainty on factor demands, in this 
section we examine the short-run production de- 
cisions of the competitive firm with ‘ex post in- 
put and output flexibility. The competitive firm 
produces a homogenous product Q, using cap- 
ital input K and a variable input X. The pro- 
duction function Q = F(K, X) is assumed mon- 


otone increasing and strictly concave in inputs 


in the relevant range.. 

Assume that capital input price, c, is known, 
but the price of the variable input price, r, is 
random with density function g(r) and cumula- 
tive distribution function G(r). The inputs are 
supplied in the domestic market. Output Q may 
be sold in the domestic or foreign market at the 
world price p. While the random input price r 
induces a fluctuation in the aggregate domestic 
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supply of Q, the domestic market is assumed to 
.be small end the world price p is fixed and in- 
i ae of the random domestic factor price 


The capital input is a quasi- fixed factor, i.e., 
K must be chosen ex ante before the input price 
r is known. In contrast, the variable input X is 
purchasec ex post, 1.e., after the random input 
price is observed. The risky input X represents 
a domestiz factor such as corn or wheat, whose 
price is stabilized by commodity programs. Corn 
and wheet are used as inputs in the food-pro- 
cessing industry and also in the livestock sector. 
The capital input K can be viewed as plant size 
or number of animals placed on feed.? 

The firm may engage in forward contracting, 
which is important in the food processing and 
livestock sectors. Entering the forward market 
does not >reclude the firm from buying or sell- 
ing the inout in the spot market. It is well known 
that the separation result holds for the supplier, 
i.e., the output decision of the producer of X is 
not affeczed by the distribution of r or risk at- 
titude (Denthine). However, it can be shown that 
the separation result will not hold for a producer 
who derrands X as an input, because the firm 
has ex pest production flexibility. Incorporating 
the faturss contracts considerably complicates 
the analysis without yielding additional insights. 
Thus, we focus on the effects of factor price sta- 
bilizatior on optimal production decisions. 

After the risky input price r is observed, the 
firm’s problem ex post is to choose X to maxi- 
mize the short-run surplus, 


(1) ar = pF(K, X) — rx. 


The first-order condition is pFy(K, X) ~ r = 0. 
The shor--run variable input demand function can 
be written X = X(K, p, r). 

We examine how the variable input demand 
is affected by changes in r and K. The following 
properties of the variable input demand function 
are obtained from the first-order condition: 


(2a) dX /dr = 1/pFyx < 0, 
(2b) 


Because the production function is concave in 
X, Fy, is negative and hence dX/dr < 0 in (2a). 


* Fer a lerge economy, the world price should fluctuate with the 
domestic rendom input price. However, as Wright (p. 443) noted, 
the analysis of input price instability along with induced random 
output price considerably complicates the analysis because of the 
short--un production flexibility. 


3 See Jarvis, and Chavas and Klemme for considering livestock 
animals as capital input. 
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K and X are complements (substitutes) if Fxy is 
positive (negative). Equation (2b) indicates that 
an increase in capital will shift the variable input 
demand curve to the right (left) if the two inputs 
are complements (substitutes). 

Next, consider how the short-run output sup- 
ply responds to changes in r and K. Substituting 
X(K, p, r) into the production function yields 
the short-run supply function, O(K, p, r) = FIK, 
X(K, p, r)]. Differentiating Q with respect to r 
and K gives . 


(3a) aQ /dr = r/p’F yx < 0, 
(3b) əQ(K, p, r)/ðK = Fg — Fyg(Fgz/Fxx). 


If the two factors are complements, then dQ/0K 
is positive. However, if the two factors are sub- 
stitutes, then dQ/dK can be negative. Using a 
cost minimization problem for a given output, 
Hartman (1975, p. 1290) notes that Fx — Fy(F'xx/ 
Fyx) is positive (negative) if K is a normal (an 
inferior) factor. Henceforth, K is assumed to be 
a normal input.* 

Substituting X(K, p, r) into (1) gives 7(K, p, 
r) = pF(K, X(K, p, r)) — rX(K, p, r). This sur- 
plus function is nondecreasing in p and nonin- 
creasing in r, convex in (p, r) and for given K 
it is linearly homogenous in (p, r). The follow- 
ing properties of the surplus function are ob- 
tained using the envelope theorem: 


(4a) dm /K =T pF lk, X(K, P. r)), 
(4b) dm/dp = O(K, X(K, p, r)), 
(4c) da/dr = —X(K, p,r), 


where pFg(K, X(K, P, r)), O(K, X(K, Ps. r)), and 
X(K, p, r) are the value of marginal product of 
capital, the short-run supply, and the short-run 
variable input demand, respectively. 

If the competitive firm employs its variable 
input optimally ex post, then the profit function 
is given by 


(5) IKK, p,r,c) = pF(K, XK, p, r) 
— rX(K, p, r) — cK = w(K, p,r) — cK. 


The results in this section will be used to ana- 
lyze the impact of a marginal change in the in- 
put price uncertainty on production decisions of 
a risk-averse competitive firm. 





‘If K represents the “size” of the firm (or number of animals), 
it is unlikely for a small firm to produce more output than a larger 
firm. We have yet to find an anomalous quasi-fixed input that is 
inversely related to total output. 
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Factor Price Stabilization and Risk 
Aversion 


In this section we consider production decisions 
of a risk-averse competitive firm which faces the 
random input price r. To facilitate the exposi- 
tion, we first investigate the effects of small 
changes in maximum and minimum prices of the 
variable input X on the optimal level of capital. 
The effects of an MPC through maximum and 
minimum prices on the optimal level of capital, 
the expected responses of the variable factor, and 
output supply are then examined. The results 
show that substitutability and complementarity 
between capital and the variable input play a key 
role in determining the effects of factor price 
stabilization through an MPC on the optimal level 
of capital of a risk-averse firm. 

If there are no maximum and minimum price 
bounds on the random input price r, then a risk- 
averse competitive firm’s problem is to choose 
K to maximize the expected utility, 


(6) Max EUĻIKK, p,r, c)] 
K 
-| U[m(K, p, r) — cK \dG(r), 
0 


where U(-) is a monotone-increasing and strictly 
concave von Neumann-Morgenstern utility 
function, i.e., U'UD > 0, U"UD < 0. The first- 
order condition is 


o9 


E{U'II,] = | 


0 


[U (Tg — c)dG(r) = 0. 


The second-order condition requires that EUgx 
= EU" ARY F U' Tier] <Q. 

Consider a commodity program which stabi- 
lizes the input price r. Specifically, the govern- 
ment intervenes in the market for X through buffer 
stocks so that the random input price r does not 
fall below a guaranteed minimum price, Fm, or 
rise above an imposed maximum price, ry. This 
implies that r is allowed to fluctuate only be- 
tween the r„ and ry, and hence the density func- 
tion g(r) is truncated at r,, and ry. In general the 
distribution G(r) is contingent upon the aggre- 
gate supply of X. If a change in the minimum 
or maximum price affects the industry supply of 
X, it will also affect the distribution G(r) (Wright 
and Williams). However, to focus on the firm- 
level analysis, we adopt the convention, as in 
Eeckhoudt and Hansen, that the distribution G(r) 
is unaffected by changes in rm OF ry. 
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Maximum Price 


The analysis begins by considering the optimal 
choice of capital for a risk-averse firm when a 
ceiling price ry is imposed on the random input 
price r. The risk-averse competitive firm’s prob- 
lem is to choose K to maximize the expected 
utility, 


(7) A= f Uir(K, p, r) — cK]dG(r) 
0 
T Ulr(K, P> rm) =. cK\(1 7 G(ry)), 


where (1 — G(ry)) is the cumulative probability 
that the random price r is greater than the max- 
imum price, ry. Using (4a), the first-order con- 
dition is 


(8) dA" /dK = B*(K, p, C, ru) 


= | U'[ pF AK, X(K, p, r)) — cldG(r) 
Q 
+ Uml PF (K, XK, P, ru) — cl — G(x) 


3 


where U;,, indicates that U’ is evaluated at the 
profit level for the sure price ry. The function 
B” indicates that dA” /dK depends on K, p, c 
and ry. 

Let K* denote the optimal level of capital of 
the risk-averse firm. Observe that for the first- 
order condition to hold, the optimum level of 
capital K° satisfies the inequality, 


(9a) pFAK, X(K, P, ru)) >c 


if K and X are substitutes (Fx < 0). Note that 
Fryx < 0 implies that pFx(K, X(K, p, r) < pFxg(K, 
ACK, P, ry)) for r < ry. The inequality in (9a) 
is proved by contradiction: If pF (K, X(K, X, p, 
ry) = c, then pF(K, X(K, p, r)) < c. If this 
were the case, (dA”/dK) would be negative and 
the first-order condition (8) would not be sat- 
isfied. Thus, the inequality (9a) holds. By sim- 
ilar reasoning, one can verify that for the first- 
order condition to hold, 


(9b) pFíK, X(K, P: rum) <c 


if K and X are complements (Fxx > 0). 

Totally differentiating the function B*(K, p, 
c, ry), we note that at the optimum (0B“/dK)dK 
+ (0B /ary)dry = 0. Solving for dK/dry and 
observing that dB“ /dK is negative by the sec- 
ond-order condition, we get 


sign(dK/dry) = sign(dB” /dry). 
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To determine the sign of (@B“/dry), we differ- 
entiate the first-order condition (8) with respect 
to rą and obtain, after rearranging terms, 


(10) (@BY/dryA/(L — Gm) 
= U(X): [pF x{K, X(K, p, ru)) ~ c] 
+ Ul: PFK, X(K, p, ry))(OX/ dry). 


Using the results in (9a) and (9b), we see that 
ðB” /dry is positive (negative) if K and X are 
substitutes (complements). Therefore, an in- 
crease in the maximum price ry increases (de- 
creases) -he optimal level of capital if the two 
inputs are substitutes (complements). 


Minimur- Price 


We now consider the optimal choice of capital 
for a risk-averse firm when a guaranteed mini- 
mum price r,, is imposed on the random input 
price r. The firm’s problem is to choose K to 
maximize the expected utility 


(11) A" = U[7(k, P,» Fm) a CKG m) 


+ | Ul a(K, p, r) — cKdG(n): 


The first-order condition is 


(12) d4"/dK = B"(K, p, C, Fm) 
= Urn’ [PFKK, XK, P, Tm) — IGO n) 


+ | V- [pFKK, X(K, p, r))— c]dG(r) = 0, 


Fin 


where U7) indicates that U’ is evaluated at the 
profit level for the sure price rm. As for the max- 
imum pzice, it should be noted that for the first- 
order ccndition (12) to hold, the optimum level 
of capital K° must satisfy the inequality, 


(13) PFK, X(K, P, Tn) < (>) € 


if K and X are substitutes (complements). 

To determine the effect of a change in the 
minimum price r,, on the optimal level of cap- 
ital, we totally differentiate the function B”(K, 
P, C, Fa) and note that at the optimum (0B”/ 
0K)dK + (dB"/dr,,)drin = 0. Because (0B”/dK) 
is negative, we observe that 


sign(dK/dr,,) = sign(dB”/9dr,,). 


To evaluate the sign of (dB"/ar,,), we differ- 
entiate the first-order condition (12) with respect 
to r,, and rearrange terms to obtain 
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(14) (0B"/dr,)(1/G(rm)) 
= Uin’ (X); [pF(K, X(K, P, rm)) — c] 
+ Urn PFK, X(K, P, Vn) )(OX/ Orn). 


The sign of (dK/dr,,) is generally ambiguous 
because the two terms on the right side of (14) 
have opposite signs, regardless of whether K and 
X are substitutes or complements. Thus, the ef- 
fect of a change in the minimum price on the 
optimal level of capital is generally indetermi- 
nate. 


Mean-Preserving Contraction with Maximum 
and Minimum Prices 


A marginal increase in uncertainty, examined 
by Sandmo, corresponds to a “‘stretching’ of 
the probability distribution around a constant 
mean” (p. 67). Eeckhoudt and Hansen noted that 
“the notion of a stretching of the probability dis- 
tribution has some intuitive appeal, but it is hard 
to think of exogenous factors which would yield 
this specific change in the subjective expecta- 
tions of the firm” (p. 1066). They suggested that 





(18) 


F U’ 


Tm 
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b TM 
(15) | re(r)dr = Gry) hm t | re(r)dr 


+ (1 — G(ry))rm.- 


The required change in ry following a change 
in r,, to maintain the same mean can be derived 
by totally differentiating (15) with respect to rm 
and ry, 


16) dry/dr, = — Gn)/l1 — Gry) = — 98. 


Next, consider the optimal choice of capital 
for a risk-averse firm facing a set of imposed 
maximum and minimum prices on the random 
input price r. The firm’s problem is to choose 
K to maximize the expected utilty, 


(17) A= U[a(kK, P, Tm) — CK]GO m) 


+ | Ular(K, p, r) — cK]dG(r) 


+ U[a(K, p, ru) — cK\(1 — G(ru)). 


The first-order condition is 


dA/dK = B(K, p, C, Tms Tu) = Urn [PFRK, X(K, P, m) ~ C]G fm) 
- | pF AK, X(K, p, r) — c]dG(r) 


+ Uy" (PF RAK, X(K; p, ru)) — cl. — G(ry)) = 0. 


a mean-preserving spread or contraction can be 
implemented through changes in minimum and 
maximum prices.” Moreover, these price bounds 
are widely used in commodity price stabilization 
programs in the United States and the European 
Economic Community. 

We first define a mean-preserving contraction 
in the input price r through maximum and min- 
imum prices around a constant mean. Let the 
domain of the random input price be in the open 
interval (a, b) such that G(a) = O and G(b) = 
1. Consider a binding minimum price r,,(r,, > 
a) and a maximum price ry(r,, < b) which pre- 
serves the mean price E(r). A mean-preserving 
contraction or “price squeeze” satisfies the con- 
dition,° 


$ Obviously, price stabilization through changing minimum and 
maximum prices is a special case of mean-preserving contraction 
considered by Hartman (1976) and Wright(1984). 

6 The effect of global change in the input price uncertainty can 
be obtained by setting r,, and 74, equal to the mean E(r). 


One can verify that, at the optimum, the follow- 
ing conditions hold: 


(19a) pF(K, X(K, p, ru) > c 
> pF AK, X(K, P. Fa) 


if K and X are substitutes, 


(19b) pFx(K,X(K, pP, ry) < 
< pF YAK, X(K, P, m) 


if K and X are complements. 

We now analyze the effect of a mean-pre- 
serving contraction through a change in the 
maximum and minimum prices on the optimal 
level of capital K* of the competitive firm. Con- 
sider changes in r,, and ry, holding E(r) con- 
stant. Then at the optimum, 


Because (dB/dK) < 0 by the second-order con- 
dition for optimal K, we observe that using (16), 


sign(dK /dr,,) Leno 
= sign{(dB/dr,,) — (0B /ðr O}. 
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Recall that (— ©) is the rate of change in ry for 
a small increase in r„ to maintain the same mean. 
We evaluate (dB/dr,,) and (0B/dr,,), and ob- 
tain, 


(20) (dB/odr,,) — (0B/dry)® 
= Un (-X)[ pFRAK, X(K, P, Pn) — cG m) 
~ UWA) LPF, X(K, P, tu)) — C]G Cn) 
+ [U "PFK, X(K, P., Yin) (OX / Ir m) = Un 
* PF'xx(K, X(K, p, ruXOX/IT WIG m). 


Using the results in (19a) and (19b), we can un- 
ambiguously determine the signs of the first two 
terms on the right side of (20). Both terms are 
negative (positive) if K and X are substitutes 
(complements). The third term can be written as 
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It can. be shown that for a risk-neutral firm, if 
Tgr 1S pozitive (negative) then an MPC in r de- 
creases (increases) the optimal level of capital. 
For a-risk-averse firm, however, in addition to 
the property of Tg, complementarity and sub- 


Stitutabiliry of K and X play an important role 


in determining the effect of an MPC on the op- 
timal level of capital. 


Expected Variable Input Demand and Output 
Supply 


How does an MPC in the input price r affect the 
expected demand for the variable factor? An MPC 


(21) DF xx(K, X(K, P, r,))(0X/dr,) * [Urn — Undm) 
+ [PF ix(K, XK, P, Fn))(OX/8%m) — PFio(K, X(K, P, ru))(X/dry)] + UL, Grn). 


Because concavity of U(-) implies that U; is less 
than U,,,, the first term in (21) is negative (pos- 
itive) if K and X are substitutes (complements). 
It can be shown that the second bracketed terms 
in (21) are positive (negative) if a is concave 
(convex) in r.’ Wright (1984) noted that the 
curvture of mrg with respect to r indicates how a 
change in K affects the slope of the variable in- 


put demand curve for X. Specifically, 
Tre = Tx = —(0°X/dKor). 


If Tgr is positive (negative), then the slope of 
the variable input demand curve for X becomes 
flatter (steeper) as K increases. This result is 
formally stated below. 


PROPOSITION 1. Assume that the competitive 
firm is risk averse. Then, (i) an increase in the 
maximum price ry increases (decreases) the op- 
timal level of capital K" if K and X are substi- 
tutes (complements), but the effect of an in- 
crease in the minimum price r,, is ambiguous; 
and 

(ti) an MPC inr decreases (increases) the op- 
timal level of capital K° for a risk-averse com- 
petitive firm if K and X are substitutes (comple- 
ments) and if the variable input demand curve 
becomes flatter (steeper) as K increases. 


7 The second bracketed terms in (21) will be positive (negative) 
if wz is concave (convex) in r. Observe that ag, = DF ig(K, XK, 
Pp., r))(dX/dr), which is positive (negative) if K and X are substitutes 
(complements). Furthermore, if ay is concave in r, i.e., mx, < 0, 
then pF ex(K, X(K, P, rn))(dX/ar,,) is greater than pFig(K, X(K, p, 
ry))(OX /aryy) regardless of whether K and X are substitutes or com- 
plements. Thus, the second bracketed terms in (21) are positive. 
Ajternatively, if ary is convex in r, i€., ngre > 0, then pF elk, 
X(K, P, ',))(8X/adr,,) is less than pFin(K, X(K, P, ry))(AX/dry) re- 
gerdless of whether K and X are substitutes or complements. Thus, 
the second bracketed terms in (21) are negative. Also note that an 
expression for mg, corresponds to equation (A.7) in Wright. 


affec:s the expected variable input demand 
EX(K", £, r) directly through the change in the 
price: bounds and also indirectly via a change in 
the optimal level of capital, K*. To investigate 
the total effect of an MPC, let K”! and K** be 
the cptinal levels of capital of the risk-averse 
firm before and after an MPC, and let X(K*”, 
p, r` and X(K*”, p, r”) denote the variable input 
demznds before and after the MPC, respec- 
tively. Lhe direct effect depends on the curva- 
ture of the variable input demand curve. Spe- 
cifically if the demand curve X(K, p, r) is 
concave (convex) in r, then for a given level of 
K”, EX(K®", p, r) > (<) EX(K*", p, rì, i.e., 
an MPC in r increases (decreases) the expected 
demand for the variable factor." 

The iadirect effect depends on the response 
of the cepital input to an MPC in r, and whether 


$ Let H(A) be the induced distribution of r by truncating G(r) at 
two ead põnts, rm and ry. Thus, A(r) = g(r) for rem, rad, Aa) 
= G(r) ard Afra) = 1 — Gry). The expected variable input de- 
mand can Le rewritten as E[X(K, p, D} = [XdH(r; a), where HG; 
a) is the induced distribution of r and æ is a shift parameter so that 
an increase in a represents an MPC in the distribution H and the 
range-of the integration is over the loose interval (0, ©). For a given 
value of K, differentiate EX with respect to æ and integrate the 
result by parts twice: 


{ XdH,(t; a) = — f xc. adr 
af) 
=x R Ay | f Gals; ands (ar 
where the subscript denotes partial derivative. Note that for an MPC, 
Í H,{s, a)ds = 0. 


Thus X,, < 0 implies that J[XdH,(r; a) is positive. 
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K and X are complements or substitutes. If mgr 
is negative and K and X are complements (Fx 
> 0), then by part (ii) of proposition 1, an MPC 
increases the capital input (K? > K®’). In this 
case, the indirect effect of an MPC increases ex- 
pected variable input demand, i.e., EX(K*”, p, 
r > EX(K*", p, r’). Alternatively, if mgr is 
positive and K and X are substitutes (Fry < 0), 
then an MPC decreases the capital input (K*” 
< K*'). In this case, the indirect effect in- 
creases the expected variable input demand, i.e., 
EX(K*”, p, r) > EX(K*", p, 7’). Thus, the in- 
direct effect of an MPC increases the expected 
variable input demand if 7x,,- Fy is negative. 
However, if ax,,"F xx > 0, then K° may in- 
crease or decrease, and the indirect effect is am- 
biguous. The total effect of an MPC in r on the 
expected variable factor demand for the risk- 
averse firm is summarized below. 


PROPOSITION 2. An MPC in r increases the 
expected variable input demand EX(K", p, r) if 
Xr < 0, Were’ Fry < 0. 


Next, consider the effect of an MPC in r on 
the expected output supply. The direct effect of 
an MPC in r on expected output depends on the 
curvature of the supply function Q(K“, p, r) in 
r. Specifically, if O(K*, p, r) is concave (con- 
vex) in r, an MPC in r increases (decreases) ex- 
pected output. The indirect effect depends on 
how an MPC affects the optimal level of K and 
whether K is a normal factor. Because K is as- 
sumed to be a normal input, if mg, < 0 and Fx, 
> 0, then an MPC increases K^. This in turn 
shifts the supply shedule QO(K“, p, r) to the right 
and, hence, the indirect effect increases ex- 
pected output. Alternatively, if mg, > 0 and Fry 
< 0, then K“ decreases and, hence, the indirect 
effect decreases expected output. The total ef- 
fect of an MPC in r on the expected output for 
the risk-averse firm is summarized below. 


PROPOSITION 3, An MPC in r increases ex- 
pected output EQ(K®, p, r} if Q <0, tx, < 0 
and Fry > O but decreases expected output if 
QO» > 0, Tgr > 0 and Fix < 0. 


Thus, the effect of an MPC on the expected out- 
put of a risk-averse firm depends also on the 
complementarity or substitutability between K 
and X. 


Concluding Comments 


While the literature extensively analyzed the ef- 
fects of output price stabilization policies on 
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supply responses, the effects of factor price sta- 
bilization on production decisions have received 
scant attention. Price stabilization policies are 
applied to primary commodities such as corn and 
wheat which are used as inputs in the food pro- 
cessing and livestock sectors. Price stabilization 
for these commodities is achieved by the use of 
maximum and minimum prices in the United 
States and the EEC. Specifically, in the United 
States, price support programs generally limit 
the movements of corn and wheat prices be- 
tween the price floor (loan rate) and price ceil- 
ing (release price) through a buffer stock scheme. 
Similarly, prices are stabilized between inter- 
vention and target prices in the EEC. 

This paper investigates how factor price sta- 
bilization, through changes in maximum and 
minimum prices, affects production decisions of 
risk-averse firms which use primary commodi- 
ties as inputs. Following Turnovsky, we em- 
phasize the ability of the firm to adjust its output 
after the variable input price is known. We have 
shown that an increase in the maximum price 
increases (decreases) the optimal level of capital 
according to whether capital and the variable in- 
put are substitutes (complements). On the other 
hand, the effect of an increase in the minimum 
price on the optimal level of capital is generally 
ambiguous. The effect of an MPC in r, which 
requires a decrease in the maximum price and 
an increase in the minimum price, on the opti- 
mal level of capital of a risk-averse firm de- 
pends, in addition to the relationship between 
capital and the viable input, upon the observable 
characteristics of the variable input demand curve, 
i.e., how its slope changes as K changes. 


[Received April 1990; final revision received 
October 1990.] 
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Interactions between Agricultural 
and Resource Policy: The 
Importance of Attitudes toward Risk 


Howard D. Leathers and John C. Quiggin 


Using a method proposed by Meyer for deriving comparative statics results in the 
presence of risk, this paper analyzes the effects of various agricultural and 
environmental policy alternatives on the choices of a risk-averse producer with a Just 
and Pope production function. Many commonly held beliefs about policy effects are not 
supported unambiguously by economic theory. For example, a tax on pesticides will not 
necessarily reduce pesticide use or average output, and a reduction in price of 
agricultural output will not necessarily lead to a reduction in use of water or agricultural 


chemicals. 


Key words: agricultural policy, resource policy, risk. 


Considerable attention has been given to the in- 
teractions between agricultural policy and en- 
vironmental/resource policy (e.g., Just and 
Bockstael). To a great extent the policy inter- 
actions reflect the use in agricultural production 
of inputs, such as pesticides, fertilizer, and ir- 
rigation, that can affect environmental quality. 
An environmental program which reduced the 
use of pesticide, for example, would influence 
agricultural output and thereby influence the ef- 
fectiveness of certain agricultural policies. Sim- 
larly, an agricultural program which increases 
crop production will influence fertilizer use and 
thereby influence the effectiveness of certain en- 
vironmental policies. 

This paper analyzes the effects of various ag- 
ricultural and environmental policy alternatives 
on the choices of a risk-averse producer who uses 
inputs such as pesticides, chemical fertilizer, and 
irrigation. The analysis is based on comparative 
statics results for a risk-averse producer with a 
Just and Pope production function (1978, 1979), 
in which input choice can affect the mean and 
higher moments of output. This characteristic 
was designed to capture the production impacts 
of inputs like pesticides and fertilizer. Pesti- 
cides, for example, cushion the fall in yield that 
would occur during pest infestations, thus af- 


Howard D. Leathers is an assistant professor, and John C. Quiggin 
is an associate professor, both in the Department of Agricultural 
and Resource Economics, University of Maryland. 


fecting the variation of yield as well as average 
yield. 

Some comparative statics results with a Just 
and Pope production function have been derived 
by Feder (1977). However, Feder does not de- 
rive all changes in output and input caused by 
policy-induced changes in parameters; thus, his 
paper is not a sufficient basis for drawing policy 
conclusions. What is more, despite its popular- 
ity, the usual Just and Pope production function 
is not an entirely satisfactory representation of 
an- input such as pesticides. 

The paper is organized as follows. The next 
section reviews the Just and Pope production 
function and the Meyer results for obtaining 
comparative statics under uncertainty. Compar- 
ative statics results then are derived for a Just 
and Pope production function, and the analysis 
is extended to the cases of truncated distribu- 
tions and multiple inputs. Policy implications are 
considered in the concluding section. 


Just and Pope Production Functions and 
the Meyer Results 


The Just and Pope production function is y = 
fœ) + h(x)e, where y is output, x is input, and 
g is a random variable. Here fand h are assumed 


! This point was made with unusual clarity by an anonymous 
reviewer, whose comments led to some of the extensions presented 
in the fourth section. 
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nonnegative. Further, ¢ takes the form £ = e* 
+ (y)-+(e* — E(e*)), where e* is a random vari- 
able with the same mean as g and y is a positive 
constant (Sandmo). Therefore, E(e*) = E(e) = 
He, Varle) = y’Var(e*), and o, = yo*, where 
o* is the standard deviation of the random vari- 
able e*. This representation of £ allows a spread- 
preserving change in mean of £ to be indicated 
by a change in p,, and a mean-preserving mul- 
tiplicative spread of £ by a change in y: d0,/dy 
> 0. 

By assumption, increased input use increases 
average output at a decreasing rate: f’ + h'p, 


Amer. J. Agr. Econ. 
responds to random variable m, where 
m = pf (x) + ph(x)e T WX). 


Thus, the producer’s problem is viewed as one 
of choosing an element of the set of random 
variables containing all the 7r;’s as defined above. 

Elements of this choice set differ only by lo- 
cation and scale (LS) parameters if F;(k) = F;(@k 
+ æ). where F; and F; are the cumulative density 
functions for random variables a; and 7;, z is 
any value in the range of the cdf, and B and a 
are nonstochastic terms. 

To see that this holds here: 


F,(k) = Prim; < © = Pre < [k + wx; — pf (x)1/ph(x)) 
= Pr(e < Bk/ ph(x;) + [wx — pf (x) 1/ph(x)) + a/ph(x;)) 
= Pr(pf (x) + phe — wx < Bk + a) = Prim, < Bk + a) 


where B = ph(x,)/ph(x;), and 


Qa = phx) ‘[wx; -pf œ] /ph(x;) a [wx; E PCSX)] 


> 0, f” + hp, < 0. Some inputs (pesticides 
and irrigation) are risk reducing: k’ < 0. Use of 
pesticide, for example, increases yield when a 
pest infestation occurs but does not affect yield 


when no infestation occurs. By eliminating the | 


lower tail of the yield distribution, pesticide use 
will increase mean yield and reduce the variance 
of yield. Some inputs (fertilizer) are risk in- 
creasing: h’ > 0. Use of fertilizer increases the 
probability of very high yields (for example, 
when rainfall is adequate and timely) but also 
increases the probability of low yields (for ex- 
ample, when rainfall is inadequate and chemical 
burning occurs). Thus, increasing fertilizer use 
increases both mean yield and yield variability. 


A producer chooses x to maximize expected . 


uiility of income: 
(1) max EU(7(x)), 


where U is a continuously differentiable utility 
function defined on income or profits, 77. 

The comparative statics results in this paper 
are derived using the simplified procedure pro- 
posed by Meyer. This procedure does not re- 
quire any additional assumptions about the form 
of the utility function or the distribution of the 
random variable, e*. The Meyer approach is valid 
whenever members of the choice set differ only 
by location and scale parameters. This section 
shows that the location and scale condition holds 
in the case of the Just and Pope production func- 
tion and reviews some basic results from the 
Meyer paper. 

Any level of the choice variable x, say x,, cor- 


This fact allows us to use the simplified com- 
parative statics procedure proposed by Meyer. 
For the problem at hand, the solution to problem 
(1) above is equivalent to the solution to the 
problem: 


(2) Max V(x, 0), 


where p = pf(x) + ph(@)py. — wx, and o = 
piha): o, = p'ho): y ož. 
Meyer shows the following: 


i. V, 20. 
2. V, < 0 iff U" < 0 (risk aversion). 
3. S(u,a) = —V,/V, > 0 under risk aversion. 


4. If U” < 0, then V is concave, so, l 
Vua = 0; Voo = 0; and Vpop Voe — (Vue) = 
0, under risk aversion. 

5. 5, (<, =, >) 0 under (decreasing, constant, 
increasing) absolute risk aversion (DARA, 
CARA, and IARA). In addition: 

6. 5- = 0 under DARA or CARA. (See appen- 
dix for proof.) 

These results will be referred to in deriving 
comparative statics results in the next section. 

. These results can be represented using famil- 
iar graphs of indifference curves and feasible sets 
in (44, o) space, shown in figure 1.7 V(u, o) is 
a representative indifference curve. Under risk 
aversion, V is upward sloping (property 3), and 
increases at an increasing rate (property 4). 


? The graphical exposition was suggested by Kwan Choi, to whom 
we owe a debt of gratitude. Any errors are the responsibility of the 
authors. 
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Figure 1. A graphical representation of 
. comparative statics results 


Property 5 states that, moving up along a ver- 
tical line, the indifference curves get steeper un- 
der IARA and flatter under DARA. (The DARA 
case is illustrated in fig. 1.) Property 6 states 
that moving to the right along a horizontal line, 
the indifference curves get steeper under DARA 
or CARA. The area under C(u, o) is the fea- 
: sible set—the set of attainable combinations of 
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where 
u = pf(x) + ph(x)u, — wx, and 
o = p-h{x)-o, =p h(x) y ae. 


One reassuringly unambiguous result from 
first-order conditions is 


pf' + ph'p, — w = Sph'o#. 


Since S > 0 under risk aversion, the sign of this 
expression is the sign of h’, and the risk-averse 
producer will use more of the risk-reducing in- 
put, and less of a risk-increasing input, than will 
a risk-neutral producer, who sets the left-hand 
side equal to zero. 

However, other comparative statics results are 
ambiguous. Comparative statics are derived from 
implicit differentiation of ®. For any parameter 
a, ox/da = —[e¢@/da]/[a®/odx]. The sufficient 
condition for an interior optimum is that d®/ax 
< 0. In the case of a risk-averse producer 
choosing a risk-increasing input (fertilizer), an 
interior solution is by no means assured. How- 
ever, when the optimal choice is to use none of 
an input, this optimum will not be changed by 
small changes in parameters. Attention here is 
restricted to the case of interior solutions. 

For interior solutions, the sign of dx/dqa is the 
same as the sign of d@da. 


d@/daw = ~1 — ph'yo%-S,- (dp /dw) = —1 + ph’ yo#S,x 


aP/dp = f' + h'p, ~ Sh' — ph'yo$S,,: (d./dp) — ph'yožSe: (d07/Ap) 





dT | 
4 = —ph'o3|[S + Seyphož] 
Y 


= ph' [1 — S„ph]. 


(4a) 
(4b) = (w/p) — ph'yo# ' [Sp + hye) + So hyož] 
- (4c) IPfoy = | -sph 02 — ph' yo#*S,° 
l . ðu 
(4d). . a/t. = ph' — ph'S,° 7 


g€ 


p and o. The shape of C is determined by the 
production function. As parameters change, the 
boundary of this set will change.. These com- 
parative statics are explored next. 


Comparative Statics from a Just and Pope 
Production Function 


The first-order condition associated with (2) is 


(3) V,.(dp/dx) + V(d0/dx) = 0, or 
(dy./ax) — S-(@a/dx) = 0; or 
® = pf’ + ph'p, — w — S(u, Oph’ yo# = 0, 


The comparative statics results are derived from 
(4) using results 1 through 6 in the above sec- 
tion. Comparative statics are summarized in the 
following propositions. 


PROPOSITION 1. For a risk-averse producer and 
a risk-reducing input, 

A. ðx/ðw < 0 under IARA, CARA (4A and 
result 5).. 

B. dx/dp > 0 under CARA (4B and result 5). 

C. ax/dy > 0 under DARA, CARA (4C and 
results 3, 6). l 

D. ðx/ðp, < 0 under DARA, CARA (4D and 
result 5). 
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The results of proposition 1 broaden the find- 
ings of Feder with regard to pesticides. Result 
A confirms Feder’s conclusion: “the impact of 
an increase in pesticide costs on pesticide dos- 
age may be ambiguous . . . if absolute risk 
aversion is decreasing. . . . With constant ab- 
solute risk aversion, this ambiguity does not ap- 
pear” (1979, p. 99). Here, we show that the re- 
sult is also unambiguous under IARA. 

The intuition behind this result can be under- 
stood by regarding each parameter change as 
having two effects: a direct effect and a wealth 
effect that operates by changing the farmer’s at- 
titude toward risk. Thus, an increase in the price 
of the input has the direct effect of causing the 
individual to buy less of the input, but the in- 
direct effect is to reduce the individual’s wealth. 
For a DARA individual, this reduction in wealth 
causes an increase in aversion to risk, which 
makes the individual demand more of a risk-re- 
ducing input. The balancing of these two effects 
creates ambiguities in the comparative statics re- 
sults. 

Result B shows that a similar ambiguity exists 
concerning the impact of an increase in output 
price on use of a risk-reducing input except un- 
der CARA. In order for this to be unambigu- 
ously positive, we need to have [S (f + hps) + 
S,hyo*| = 0, which will happen if S, = 0 and 
So = 0. S, 2 0 requires IARA or CARA; S, = 
0 requires DARA or CARA. The intuition here 
is more difficult. An increase in output price has 
three effects: First, it increases the expected 
marginal product, creating a tendency to in- 


crease input use. Second, the increase in price , 


causes an increase in variability of revenue 
tending to make a producer restrict input use. 
As with output price risk (Sandmo, Ishii), the 
effect of the mean dominates the effect of vari- 
ability for DARA and CARA producers. How- 
ever, this is not enough to unambiguously sign 
the total effect. Third, the increase in price has 
a wealth effect, making producers more wealthy. 
This makes DARA producers less risk averse 
(encouraging less use of a risk-reducing input) 
and IARA producers more risk averse (encour- 
aging more use of a risk-reducing input). Be- 
cause CARA producers do not respond to a 
wealth effect, this third effect is irrelevant for 
them. 

Result C states that an exogenous decrease in 
yield risk, holding expected yield constant, will 
lead to a decrease in use of risk-reducing inputs 
by DARA and CARA producers. The ambiguity 
here exists for IARA producers. This corre- 
sponds to the ambiguity for IARA producers 
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found in analyses of producers’ response to a 
mean-preserving price stabilization scheme 
(Sandmo Ishii). 

Similarly, an exogenous decrease in p,, hold- 
ing yield variance constant, will decrease the use 
of a risk-reducing input by DARA and CARA 
producers but not necessarily by IARA produc- 
ers. This confirms Feder’s result: “(Under DARA 
or CARAJ, an increase in the mean of [damage 
caused by a pest] will induce higher level of 
pesticide application” (1979, p. 99). To see that 
an increase in pest infestation corresponds to a 
decrease in xe, note that a drop in p, decreases 
expected yield but increases expected marginal 
effectiveness of input use. 


PROPOSITION 2. For a risk-averse producer and 
a risk-increasing input: 

A. ðx; ðw < 0 under DARA, CARA (4A and 
result 5) , 

B. ðx,ðp is of indeterminate sign under any 
assumptton. 

C. dx/dy < 0 under DARA, CARA (4C and 
results 3, 6). | 

D. dx/dp, > 0 under DARA, CARA (4D and 
result 5). 


Proposition 2 shows that ambiguities in com- 
parative statics also exist for risk-increasing in- 
puts. Result A shows that an increase in input 
price will unambiguously cause a decrease in use 
of risk-iacreasing inputs only if the producer is 
DARA ctr CARA. This is in contrast to the above 
result for risk-reducing inputs, where the effect 
was unambiguous only for IARA or CARA pro- 
ducers. The intuition is the same as in propo- 
sition 1. Here, the wealth effect of an input price 
increase makes DARA producers more risk 
averse and creates an additional tendency to re- 
duce use of risk-increasing inputs. 

The effect of a change in output price in the 
use of risk-increasing inputs cannot be deter- 
mined under any assumption about attitudes to- 
ward risk. In order for this effect to be positive, 
it is sufficient that S,, and Sọ be nonpositive. S,, 
= 0 under DARA, CARA, while S, can be non- 
positive only under IARA. Note that the as- 
sumption of IARA is not sufficient to ensure that 
S, = 0. This fact precludes drawing unambig- 
uous conclusions even for CARA, as in prop- 
osition 1. 

An exogenous decrease in yield risk, holding 
mean y-eld constant, will increase use of a risk- 
increasmg input by DARA and CARA produc- 
ers. This differs from the result on risk-reducing 
inputs, where DARA and CARA producers used 
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less of the input in response to a mean-preserv- 
ing spread of yield. An exogenous increase in 
mean yield, holding yield risk constant will in- 
crease use of a risk-increasing input by DARA 
and CARA producers. This result, too, differs 
from the analogous result in proposition 1, which 
says that DARA and CARA producers will re- 
spond to an increase in u, by reducing the amount 
of a risk-reducing input. For risk-increasing in- 
puts, an increase in p, might be caused by a 
new seed variety, which increased expected 
yields, and also increased average marginal pro- 
ductivity of fertilizer. 

These comparative statics results can be il- 
lustrated using figure 1. For example, an in- 
crease in w reduces the slope of C? if x is a risk 
increasing input (h’ > 0). For CARA and DARA 
firms, indifference curves are more steeply sloped 
moving down a vertical line old tangency point; 
thus the new point of tangency must be one with 
lower u and o. This illustrates proposition 2A— 
an increase in w causes a decrease in use of risk- 
increasing inputs for DARA and CARA firms. 


Model Extensions 


The Just-Pope representation has a number of 
problems. In this section, some of the problems 
are identified and ways to modify the above 
model are suggested. 

The Just and Pope production function is lim- 
ited to a single input. Although in some contexts 
this feature could be rationalized in terms of a 
composite input, this approach is unattractive 
when the object is to analyze input demand re- 
sponse for a risk-reducing (or increasing) input 
such as irrigation or fertilizer. 

The restriction may be relaxed in two ways. 
First, a vector z of “riskless” inputs can be added 
to the single risk-reducing (or increasing) input, 
leading to a production function of the form 


(Sa) y = OG, z) + he. 


The first-order condition on z is 


(5b) E[U' (pX pẹ: — w:)] = 0, 


where w, is the wage rate for input z. Since the 
term (pọ, — w) is nonstochastic, this condition 
can be satisfied only if pọ, = w,. The marginal 
product @, depends on x but not on the sto- 
chastic term €. Hence, it is possible to “nest” 


3 The slope of C is (8u/dx]/[80/ax] = (pf' + pku, — w)/ 
ph yo. 
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the maximization problems, first choosing an 
optimal z(x) satisfying pd, = w,, and then writ- 
ing: 


(Sc) FO) = $x, z0). 


This approach yields the original Just-Pope rep- 
resentation. In order to deal with comparative 
static problems concerning a change in p, the 
slightly more complex form (5a) must be uti- 
lized. However, as long as the cross-derivative 
$ = 0, it is clear that the qualitative character 
of the results derived above will be unchanged. 

The more general case is that of a multiple 
input production function in which all inputs af- 
fect risk, so that 


(6) y =f) + he. 


In the light of the analysis above, the optimi- 
zation problem for (6) may be posed in the fol- 
lowing two-stage fashion. First, for each value 
of a, choose x to solve the problem 


max Er (x, p, w) such that h(x)o, = o. 


The solution to this problem determines the lo- 
cus of available pairs (u, o). The preference 
function V(u, a) may be used to determine the 
optimal (u, g) and hence the optimal x. The 
functional form (6) retains the linear separation, 
which ensures that the set of available distri- 
butions satisfies the LS condition; thus, the Meyer 
analysis may be applied. Input demand response 
is more complex, in this case, because both the 
preferred value of h(x) and the least-cost x to 
yield this value must be determined. This prob- 
lem will not be addressed in detail here. 

The second major problem with the Just-Pope 
approach is that it yields a restrictive represen- 
tation of risk and, particularly, of risk-reducing 
inputs such as pesticide. It is desirable to model 
these inputs as reducing losses in the worst states 
of the world and, hence, truncating (or, more 
precisely, winsorizing) the bottom tail of the 
distribution of outcomes. This possibility cannot 
be modeled in the Just-Pope framework, nor do 
the associated distributions satisfy the location 
and scale (LS) condition proposed by Meyer. 

However, a number of studies (Quiggin and 
Anderson, Eeckhoudt and Hansen, Meyer and 
Ormiston 1983) have shown that risk reductions 
involving truncation of the bottom tail of a dis- 
tribution have tractable comparative static prop- 
erties. More recently, Quiggin (1986) and Meyer 
and Ormiston (1989) have studied a broad class 
of changes in risk which includes truncations and 
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multiplicative spreads as special cases. Quiggin 
refers to such changes as monotone spreads. 

The concept is best modeled by considering 
a random variable as a mapping g from a state 
space [0, 1] to the outcome space R such that 
w, > w > (w) = y(w,). Such a mapping may 
be regarded as the inverse of the cumulative dis- 
tribution function for a continuously distributed 
random variable. Two variables g;, g2 are re- 
lated by a monotone spread if E[g,] = E[g2] and 
2,(@) — g(w) is a monotone increasing function 
of w. Thus, in moving from g, to g, the bad 
states get worse and the good states get better, 
or there is more weight in the tails of the dis- 
tribution. Special cases in which two variables 
differ only by mean and a monotone spread in- 
clude the case where g, is a mean-preserving 
multiplicative spread of g, (as represented by an 
increase in y in the previous section), and the 
case where g, is a truncation of gp. 

The analysis of the previous section may now 
be extended to cover production functions of the 
form 


(7) Yi =f; z) + AGDAG’, w) 


+ (1 — A@)AG*, w), 


where for two levels of input use, x° and x*, the 
random variables h(x°, w) and h(x*, w) differ by 
a monotone spread, with common expected value 
h 


This formulation is sufficiently flexible to 
provide a plausible model of risk response for 
irrigation, fertilizer, and pesticide. To illustrate, 
define states of the world as the level of pest 
infestation, where a low state corresponds to high 
infestation; let x° represent no pesticide use, and 
x* represent the level of pesticide use which 
eliminates pests all levels of infestation. Mapped 
against states, h(x*) is a horizontal line. Com- 
bined with f(x*), which is constant for all states 
by assumption, this gives us a constant yr"). 
Mapped against states of the world, output yx’) 
starts low, increases until it reaches a maximum 
in the state at which infestation is inconsequen- 
tial, and then turns horizontal. Linear combi- 
nations of A(x°) and A(x*) all turn horizontal at 
the same (zero infestation) state. 

Quiggin (1990b) shows that the Meyer ap- 
proach can be applied to analyze comparative 
statics when the production function takes the 
form of (7). The properties of V(u, o) derived 
by Meyer for the LS case generalize to V(t, A). 


1 The assumption that AG’, w) and A(x*, w) have the same ex- 
pected value does not imply that expected output is the same for 
x’ and x*, since f(x°) and f(x*) can differ. 
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Furthermore, since A is linearly related’ to the 
variance and standard deviation, these proper- 
ties carry over to V(p, 0). 

In the (7) representation, bh = p T (x;, z) + 

ph — wx — w; Z, and a = A(xJjo, + (l — 
Ae Do}, where gf and o% are the second cen- 
tral moments of the random variables h(x°, w) 
and hix*. œ), respectively.” A change in oz can 
be interpreted as a change in income variability 
attributatle to crop insurance or any other ex- 
ogenous change in variation of outcomes. 

Finally . the Just-Pope and Meyer analyses have 
been confined to expected utility maximizers. 
The development of more general models of 
choice under uncertainty (Machina, Quiggin 
1982) suzgests that this is an unnecessary re- 
striction. Quiggin (1990a) shows that the main 
EU comparative static results for monotone 
spreads carry over to the more general rank-de- 
pendent expected utility model. Quiggin (1990b) 
examines the relationship between preferences 
of the form V(u, o) and the general smooth 
preferences model of Machina. 


Policy Implications 


Althougk existing literature contains some of 
these comparative statics results, policy impli- 
cations cf the results have not been well devel- 
oped. Many commonly held beliefs about policy 
effects, especially interactions between agricul- 
tural and resource policy, are not supported un- 
ambizuo.isly by economic theory. Rather, they 
rest on presumptive answers to empirical ques- 
tions corceming individual producer’s attitudes 
toward r.sk. 

In par-icular, the above analysis of compar- 
ative stacics shows the following. 

(a) A zax on pesticides will not cause all risk- 
averse fermers to use less pesticides, nor will it 
necessar_ly result in lower average output. 

(b) A subsidy on water use will not cause all 
risk-averse farmers to increase water use or ex- 
pected output. 

Use o? a risk-reducing input decreases as in- 
put pric increases under the assumptions of 
IARA o- CARA; but under the more usual as- 
sumption of DARA, an increase in input price 
could cause increased input use. Therefore, the 
standard assumptions on risk aversion are not 
sufficiert to conclude that a water subsidy, or 
the failure of pesticide prices to reflect true so- 


> This expression for variance follows from the assumption that 
hf) and k(r*) are related by a monotone spread. 
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cial costs, causes agricultural pollution or cre- 
ates a burden on agricultural price support pro- 
grams by boosting output. 


In addition, these results call into question the 


efficacy of Pigouvian taxes in controlling pol- 
lution derived from sources such as pesticides 
and irrigation. Internalizing externalities through 
a Pigouvian tax is straightforward when risk is 
not present (or when producers are risk neutral). 
When producers are risk averse, the tax will not 
only change w but will also change § in the first- 
order condition (3). In the case of a DARA pro- 
ducer, such a tax may have the perverse effect 
of causing input use to move farther away from 
the social optimum. 

(c) A reduction in prices received by farmers 
will not necessarily lead to a reduction in use of 
water or agricultural chemicals. | 

This “expected” response holds unambigu- 
ously only for risk-reducing inputs used by CARA 
producers. Thus, a drop in the price received by 
farmers may not result in environmental im- 
provement attributable to a decrease in use of 
environmentally deleterious inputs. 

This result calls into question the belief that 
agricultural price support programs are an im- 
portant cause of agricultural pollution. The the- 
oretical results do not contradict this view, but 
neither do they support it. The question can only 
be resolved by empirical study. 

(d) Introduction of a more pest resistant (or 
more drought resistant) seed variety, which re- 
duces risk (o,) without affecting the mean of the 
distribution, will not necessarily result in a de- 
cline in use of agricultural chemicals. 

DARA or CARA farmers will reduce use of 
water and pesticides but will not necessarily re- 
duce fertilizer use. These results also hold for 
any other methods of reducing yield variability 
such as improved cultivation methods. 

(e) Use of new seed varieties or production 
methods which decrease u, without affecting the 
variance of the distribution of yield will cause 
DARA and CARA farmers to use less pesticide 
and water but more fertilizer. 


Conclusions 


These results illustrate the difficulty of deriving 
policy effects for a risk-averse producer with a 
Just and Pope production function. At the ex- 
treme, theory yields no clear prediction of the 
effect of a change in output price on fertilizer 
(or other risk-increasing inputs). In order to get 
unambiguous and “normal” (.e., usual, com- 
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monly expected) comparative statics results in 
every other case, it is necessary to assume con- 
stant absolute risk aversion. If one assumes de- 
creasing absolute risk aversion, one must accept 
ambiguity in the impact of output and input price 
changes on risk-reducing inputs such as pesti- 
cides and irrigation or impose additional restric- 
tions on risk attitudes. 

In addition, exogenous changes in mean and 
variance of yield have opposing effects on risk- 
reducing and risk-increasing inputs. For exam- 
ple, an exogenous reduction in yield variation 
decreases use of pesticides but increases use of 
fertilizer. Thus, the overall impact of such a 
change on environmental damage caused by ag- 
ricultural chemicals cannot be determined by 
theory alone. 

This example illustrates the analytical diffi- 
culty highlighted by this paper: for this class of 
producer problems, conclusions about policy ef- 
fects and prescriptions for optimal incentives 
cannot be based on theory alone. Rather, the 
analysis requires an empirical knowledge of the 
production function, the environmental impacts 
of input use, the risk attitudes of producers (the 
shape of each producer’s utility function). Fur- 
thermore, the knowledge about the “average” 
attitude toward risk is not sufficient. Detailed 
knowledge is needed about the distribution of 
attitudes toward risk among farmers (Antle): how 
many farmers are DARA? how many are IARA? 
how many are “extremely” DARA? and how 
many are “only slightly” DARA? 

In the absence of this empirical knowledge, 
descriptions of policy effects and interactions 
between agricultural and resource policy are 
problematic. Economic theory does not support 
(or contradict) judgments such as, “Price sup- 
port programs cause increased agricultural pol- 
lution,” or “Pollution taxes will reduce agricul- 
tural output,” or “The environment would be 
improved by finding means other than pesticides 
or irrigation of reducing yield risk.” This paper 
sounds a cautionary note to policy makers and 
analysts. 


[Received November 1989, final revision 
received September 1990.] 
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Appendix 
Proof tha: $, = O under DARA or CARA 


By result 5 zbove, the assumption of CARA or DARA im- 
plies $, = Q. But S, = 1/V, [-V., + (V./V,)V,]. There- 
fore, [—V,. + (Vo/V Vue] = 0, or Fy, = V./V,V,, = 0 
by results 3 and 4. Two conclusions follow from this: (A1) 
Vay = 0; anc (A2) V,,/V,, = V./V,. By result 4 (concavity 
of V), VooV ia ~ (VouY = O, or using (A1), Voo/Veu = Van/ 
Vau. Combning this with (A2}, we have V,,/V., = Vo/ 
V,. This is sufficient to sign S, since Se = 1/V, [—Vee + 
(V./V Vo} 


Joint Risk Preference-Technology 
Estimation with a Primal System 


H. Alan Love and Steven T. Buccola 


Applied studies of the firm in a risky environment have concentrated either on the 
firm’s technology or on its risk preferences. These models result in generally 
inconsistent and inefficient parameter estimates. A primal model is proposed which 
allows a firm’s preferences and technology to be estimated jointly in the presence of 
risk. The model is applied to Iowa corn production and estimated technology parameters 
are compared with those from other approaches. Modest risk aversion leads to inelastic 
(even backbending) per-acre supplies and input demands. Yteld heteroskedasticity in 
inputs leads to supply heteroskedasticity in prices, especially for risk-neutral firms. 


Key words: heteroskedasticity, input demands, production function, risk aversion, 


yields. 


Econometric supply analysis has paid increasing 
attention to the relationship between a firm’s price 
responses and its technology. Duality theorems, 
in particular, may allow one to derive mutually 
consistent supplies, input demands, and tech- 
nology from a single cost or profit function. Un- 
fortunately, risk and risk aversion greatly com- 
plicate the task of developing a linkage between 
economic choice and observed technology. Pro- 
duction relations must be expanded to include 
inputs’ effects on yield variability. Dual ap- 
proaches in such a context have proven trouble- 
some because restrictions on the firm’s expected 
utility function generally involve information 
about preferences, which are unknown (Pope 
1982b). Attention, therefore, has turned to pri- 
mal models of positive economic behavior un- 
der risk. 

_In the present paper, we consider alternative 
primal risk models which permit technology es- 
timation only or permit input demand estimation 
given a technology or preference structure. Pri- 
mal approaches presently in use are shown to 
have a number of correctable failings. Those fo- 
cusing on technology alone have improperly as- 
sumed that inputs are exogenous, while those 
focusing on input demands have failed to esti- 
mate preference and technology parameters in a 
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mutually consistent manner. A model is pro- 
posed and tested which corrects these shortcom- 
ings and which provides a basis for consistent 
and efficient estimation of farm behavior under 
risk. 

The paper begins with a brief review of pro- 
duction function and input demand models in a 
risky environment. Attention then is restricted 
to technologies in which marginal yield mo- 
ments may be independent of one another. We 
explore implications of this technology class for 
input endogeneity and for joint inference of 
preferences and technology. Applications are 
provided to Iowa corn production, and our es- 
timates are compared with those in earlier models. 


Earlier Literature 


Estimation of stochastic production functions 
received a boost when, following Harvey, Just 
and Pope (1979) showed that standard heteros- 
kedasticity correction methods may be used to 
draw inferences about input-risk relationships. 
They assumed a normal yield distribution and 
allowed independence between an input’s ef- 
fects on yield risk and its effects on yield mean. 
The procedure involved estimating the mean 
portion of the production surface, fitting the risk 
portion through a regression on residuals, then 
improving efficiency of the mean estimates 
through Ajitken-type weighting. Nelson and 
Preckel instead used maximum-likelihood meth- 
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ods to estimate an input’s effects on the param- 
eters of a beta yield distribution, which in turn 
affect the beta’s mean, variance, and higher mo- 
ments. Although moments of the beta distribu- 
tion are not independent of one another, the 
model has sufficient flexibility to allow an input 
to increase yield mean but reduce yield vari- 
ance. 

Studies under risk which allow input use to 
respond optimally to prices generally have sep- 
arated technology estimation from preference 
estimation. Prior estimates of technology pa- 
rameters usually are imposed on input demands, 
leaving only risk preference terms to be esti- 
mated (Pope 1982a). A mathematical program- 
ming approach of this sort is to find optimal in- 
put allocations corresponding to alternative risk 
aversion levels, then to choose the risk-aver- 
sion-level-minimizing the distance between ac- 
tual and optimal input rates (Wiens, Paris, Brink 
and McCarl). 

In an alternative approach, Antle substituted 
prior parameter estimates of his moment-based 
stochastic production function into a set of input 
demands and used the constrained demands to 
fit parameters of the distribution of risk atti- 
tudes. Allowance for independence of marginal 
yield moments in Just and Pope’s model ts pre- 
served, although the yield distribution may be 
nonnormal. In contrast, Loehman and Vande- 
veer have shown that an interactive biological 
growth model requires marginal mean and mar- 
ginal variance of yield to be interdependent. They 
use prior estimates of the production function to 
simulate a parameter partially reflecting risk 
preference. Unfortunately, this parameter also 
reflects the probability moments of profit. 

Separating preference from technology esti- 
mation in these ways potentially introduces both 
inconsistency and inefficiency. Technology pa- 
rameters derived solely from production func- 
tions are inconsistent if input uses are endoge- 
nous and correlated with error terms (Pope 1982b, 
pp. 346-47). Whenever technology estimates 
are in fact inconsistent, preferences estimated 
conditionally on such parameters are inconsis- 
tent as well. Functional separation also fails to 
exploit cross-equation restrictions and error cor- 
relations that might improve efficiency. 


Issues in Joint Estimation 
Prospects for joint primal estimation of tech- 


nology and preferences are influenced by the 
interdependence of marginal yield moments and 
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by the form of the utility function and yield dis- 
tribution. For instance, interdependent marginal 
yield moments, as in Loehman and Vandeveer, 
imply the general production function form 


(1) Y = g(X)i(W, u), 


where g end i are functions, Y is per-acre out- 
put, X is a vector of nonstochastic inputs, W is 
a vector of stochastic inputs such as rainfall, and 
u is a rantom error. A number of authors have 
argued fcr such a multiplicative model (New- 
bery and Stiglitz, pp. 304-5). Just and Pope’s 
criticism of (1) is that an input’s marginal effect 
on variance is a function of its marginal effect 
on mean. In addition, i must have positive skew 
in order to avoid possibilities of negative yields. 
An indeterminately large number of marginal 
yield monents thus enter the input demands, and 
joint pref2rence-technology estimation becomes 
difficult. 

Maintaining independence between marginal 
mean anc variance implies 


(2) Y = fiX) + AW) + h(X)e, 


where e ~ N(0, 1). Stochastic and nonstochastic 
inputs interact to affect yield’s variance but not 
its mean Prior to W’s occurrence, (2) has the 
Just-Pope form 


(2°) Y = f(X) + h(X)e, 


in which E(Y) = f(X) = AA) + ELA(W)). De- 
spite its inconsistency with dynamic growth 
models and skewed yield distributions, this form 
is popular and holds the best potential for mu- 
tual inference of preferences and technology. We 
therefore- concentrate on Just-Pope form (2') and, 
to permi: tractable results, assume negative ex- 
ponentias utility U(r) = —exp (—Aa), where 7 
is net return and A is absolute risk aversion. 
Comparative statics of (2’) in conjunction with 
nonincreasing risk aversion have been investi- 
gated by Pope and Kramer. Babcock, Chalfant, 
and Col'ender used a moment-generating func- 
tion to d2rive specific input demands for the case 
of (2') end exponential utility. 


OptimaEty Conditions 


Optimal input levels for producers facing (2') 
are fourd by solving the primal problem, 


(3) Max E[U(n)] 
= Max EU[Pf(X) + Ph(X) — r'X]. 
X 
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- Here P and r are (assumed known) output price 
and input price vector, respectively. To mini- 
mize the number of estimable parameters, we 
employ Cobb-Douglas forms of f and h, which 
in a two-variable-input case reduce (2’) to 


(4) Y = AXŤX? + BX)X%e, 


with A, ai, ad, B, b,, b} as parameters. Substi- 
tuting (4) into (3), deriving first-order condi- 
tions, and using U’(7) to denote (random) mar- 
ginal utility, gives 


(5) 
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Equations (6') are a specialization of Pope and 
Kramer’s (p. 492) first-order conditions and dif- 
fer from the Babcock-Chalfant-Collender input 
demands only in suppressing acreage terms. In- 
asmuch as Ao?/2 = P?AB*b,X?"'X3"/2 is the 
producer’s risk permium (RP), the marginal risk 
premium (MRP) with respect to the first input 
(MRP,) is 5RP/8X, = P°AB*b,X{""'X3”, pre- 
cisely the second right-hand side term in (6’a). 
MRP, is similarly given in (6'b). Pope and Kra- 
mer, and MacMinn and Holtmann, show that a 


E{U'(m)[PAa, X 'X? + PBb X? Xe — rj} = 0, 


E{U' (m)[PAaX PX) + PBbX?X?e — r.]} = 0. 


Taking expectations and dividing by E[U'(7)] 
equates certainty equivalents of value marginal 
products with their corresponding input prices: 


(6) PAa XP KX? + PBb.X? (xe = r, 
PAa XX2! + PBbX?X? t= r, 


where t = E[U'(a)e]/E[U'(7)]. 

Parameter ¢ is a function of both risk and risk 
aversion. If profit is expressed as m = pp + ge, 
in which yp is profit’s mean and øg is its standard 
deviation, then £s denominator is E[U’(a)] = 
AE|lexp (—Am)] = AE[exp (—Am — Age)], that 
is A times the expectation of a lognormally dis- 
tributed variate with parameters —Ap, ’o*. The 
`- latter expectation is just E[exp (—Ay — Age)] = 
exp (—Ap + A’o’/2) (Johnson and Kotz). In 
like manner, fs numerator becomes E[U’(a)e] 


= AEfexp (~An — Aceje] = [Aexp (—Ap)] Elexp 


(—Age)e] = [A exp (—Ap)][—Aa exp (A’a/2)] 
= —\’o exp (~Aw + A’o*/2).' Dividing nu- 
merator by denominator gives t = E[U'(me]/ 
E[U’(m)] = —Ao. The appearance of absolute 
risk aversion parameter A in (6) only as a mul- 
tiple of profit risk o implies the two terms never 
can be separately identified in the input de- 
mands without introducing information from 
production function (4). 

From (2'), (3), and (4). profit standard de- 
viation o = P[Var (Y)]'/* = PBX?'X®. Substi- 
tuting the latter and t = —Ag into (6) and com- 
bining terms results in 


(6'a) PAa XiX? — P?AB*b XPZ = 1, 
(6'b)  PAa,X7'X3' — P'AB'b XXI = rp. 


! Efexp(—Age)e] = —Ao exp(A?o7/2) can be proven by noting 
that the moment generating function of e is m(—Ao) = Elexp(—Ave)] 
= exp(A’o"/2). Differentiating with respect to —Ag gives m'(—Ag) 
` = Efexp(—Age)e] = —Ae@ exp(A707/2). 


risk averter’s optimal use of both inputs exceeds 
(falls short of) that in the riskless or risk-neutral 
case if the inputs are complementary and if ôh/ 
êX, 6h/5X, < 0 (> 0). In (4), these conditions 
are satisfied if b,, ba < 0 (> 0), that is, if yield 
is heteroskedastic such that yield variance de- 
creases (increases) as inputs increase. Clearly, 
input demands need not shift parallel when A 
changes; in fact, the demands may become pos- 
itively sloped if risk aversion is high enough 
(Pope and Kramer, pp. 495-96). 


Input Demand-Production System 


All the parameters in (6’) are in principle sep- 
arately identifiable. Feasibility of estimating any 
parameter, including product AB’, on the basis 
of (6’) alone depends on the associated demand 
error structure. Unfortunately, production func- 
tion (4) provides no information about this 
structure. One approach is to solve for the input 
demands, then add an error to each in order to 
represent farmers’ random deviations in identi- 
fying the true optimum. However, closed-form 
expressions for the optimal inputs do not exist. 
Solving (6’) as far as possible for the optimal 
variable factors gives 


(7) 
X, = [r,/(PAa, X}? — P?AB*b, XP XP), 


X = [r/PAa Xt — PAB bX X eD, 


so that optimal factors can only be determined 
simultaneously. Full information about a fac- 
tor’s optimum cannot be determined from price 
levels. 

Simultaneity in (7) ensures that the error in 
each equation is generally correlated with all in- 
put choices even if optimization errors are spec- 
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ified additively. As an alternative to additive er- 
rors, suppose that optimization mistakes occur 
in the form of random failure to satisfy first- 
order conditions (6'). Assuming choices are 
optimal on average, errors v,, v2 are added to 
(6'a) and (6’b) such that E(v,) = E(v,) = 0 and 
Var (vı) = St, Var) = Sz. 

Estimating production function (4) jointly with 
demand system (6’) has several advantages. First, 
the two equation sets contain common param- 
eters, so joint estimation with cross-equation re- 
strictions can improve estimation efficiency 
compared to the use of (6’) alone. Second, con- 
sidering contemporaneous error correlations be- 
tween the equation sets also can improve effi- 
ciency. Third, including (4) is necessary—and 
sufficient—-for separately identifying absolute 
risk aversion A and risk coefficient B^ in (6’). 

To make clear how (4) may be used for these 
purposes, observe that the heteroskedasticity in 
its error can be removed by dividing each term 
by X7'X2?. The result is 


(4) YXy"X," — AX OX?” = Be, 


with homoskedastic error Be ~ N(O, B’). Equa- 
tions (4’) and (6’) now may be fitted jointly once 
a covariance structure for residuals v,, v., Be has 
been specified. Substituting into (4') consistent 
estimates of A, a; b; that were derived from si- 
multaneously fitting (4') and (6') gives Be* a 
consistent estimate of the production error vec- 
tor. Log absolute value of Be* is In|Be*| = InB 
+ Inle*|, the expectation of which is InB + 
E |nle*| = InB — 0.6352 (Buccola and McCarl, 
p. 734). Adding 0.6352 and exponentiating gives 
a consistent estimate of B, which when squared 
and divided into the consistent estimate of AB? 
from (4’) and (6’) gives a consistent estimate of 


Inasmuch as inputs X in (4’) are endogenous, 
fitting (4’) along with (6’) equivalently esti- 
mates the risk-averse firm’s per-acre supply 
(yield) function 


(8) Y* = f(X*) + A(X*)e, 


where X* is the vector of optimal input levels. 
Since, through (6’), X* depends on prices P and 
r, supply must be heteroskedastic in the prices 
whenever yield is heteroskedastic in inputs. 


Estimation Procedures 


We here fit an extension of system (4’), (6’) to 
corn-soybean farm data in Iowa. Resulting pro- 
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ducticn finction estimates are compared with (a) 
those der-ved with the method of Just and Pope 
and (0) those estimated by Nelson and Preckel 
with the conditional beta distribution. Haus- 
man’s specification test is used to check for in- 
deperdence between input use and stochastic 
production error in the Just-Pope model. We 
jointly estimate the aggregate risk aversion pa- 
rameters, contrast risk-averse with risk-neutral 
suppLes and input demands, and discuss impli- 
cations for supply heteroskedasticity. 

The yield and input data are taken from Nel- 
son and Preckel. They consist of farm-level in- 
formetion on per-acre corn yield; nitrogen, 
phosrhoras, and potassium application; soil slope 
and clay content; and two dummy variables in- 
dicattng, respectively, whether a legume pre- 
cedec the corn crop by one or two years. Data 
were drawn from Linn (n = 103), Muscatine 
(n = 55) and Fayette (n = 106) Counties, Iowa, 
from 1954 through 1969.” Observations on a 
giver farm are included only for years in which 
corn was grown. Because some farms grew corn 
sporedically during the study period, cross-farm 
differences in parameters or error variances can- 
not te adequately considered. 

Sudstaatial changes in both real prices and farm 
input proportions occurred during 1964—69, so 
it is a suctable period for testing hypotheses about 
price-inpat relations. Iowa input prices were taken 
from anaual issues of U.S. Department of Ag- 
riculcure’s Agricultural Prices and Agricultural 
Resources: Situation and Outlook Report. Corn 
price wes the average of high and low March 
closing prices of the Chicago corn futures con- 
tract maturing the following September. All prices 
were deflated with the Consumer Price Index 
(CPD. 

Of the inputs for which data were available, 
only nit-ogen, phosphorus, and potassium are 
purcaaseble in the medium run. Hence, equa- 
tions (6) were extended to a system of three 
inpw demands. Soil slope and clay and the two 
dummy variables were included as exogenous 
factars m each equation, along with output and 
input market prices P, r. This extended version 
of (+°), <6’) was estimated with nonlinear 3SLS 
comining the indicated cross-equation restric- 
tions on parameters and holding AB? fixed at trial 


? Tae daca sets, collected by the Iowa Agricultural Experiment 
Statica, ars described in more detail in Nelson and Preckel. We 
wish œ thank Carl Nelson for kindly furnishing them to us. Original 
data imcluced soil type, insecticide use, and planting date. How- 
ever, because many observations on these variables were missing, 
they could not be employed effectively in either the Nelson-Preckel 
study or oar own. 
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values (Hall, Schnake, and Cummins). Instru- 
mental variables employed in the first nonlinear 
three-stage least squares (NL3SLS) estimation 
-stage at each trial value included all the exog- 
enous variables plus soybean futures prices, 
which should be correlated with corn profit- 


ability and input usage but unrelated to individ- 


ual farms’ error terms. 

A grid search, finally, was conducted on al- 
ternative AB’ levels and the parameter set se- 
lected which minimized system sum square er- 
rors. Substituting optimal A, a; and b; estimates 
back into (4’) gave consistent estimates of |Bel, 
the adjusted mean log of which provided a con- 
sistent estimate of B and, through the NL3SLS 
estimate of AB”, a consistent estimate of A. The 
NL3SLS estimator provides, in addition, con- 
sistent estimates of all the other parameters re- 
gardless of the underlying distribution of ran- 
dom errors v;, yv- (Amemiya, Gallant, Jorgenson 
and Laffont). Our grid search on AB? implies 
that the usually estimated standard errors are 
consistent conditional on the optimized AB’ value. 

Just-Pope-type estimates of (4) were derived 
by applying nonlinear least squares (NLS) to 
obtain stage 1 estimates of A and the a; s. Logs 
of absolute values of the residuals u = BX?'X? 
then were regressed against InjBX?'X? ... e| to 
derive stage 1 estimates of B and the bs. A 
stage 2 estimate of A and the a;’s was obtained 
by applying NLS to the weighted regression (4’) 
and a stage 2 estimate of B and the b;s was 
derived by repeating the log linear regression on 
residuals. A Just-Pope-type routine provides not 
only a point of comparison for the NL3SLS sys- 
tem estimates but a useful set of starting values 
for these estimates as well. 

If, as (6) and (7) imply, inputs X are endog- 
enous, they should be correlated with error term 
e. The Just-Pope parameter estimates are then 
inconsistent (Just and Pope 1978, pp. 75-77). 
On the other hand, stochastic dependence may 
be so small that insignificant bias results. To 
implement the Hausman test of the null hypoth- 
esis, H, : X independent of e in (4’), we con- 
struct two sets of estimates of the technology 
parameters: (a) the Just-Pope (B3), which is con- 
sistent, asymptotically normal, and asymptoti- 
cally efficient when H, is true but inconsistent 
when, H, is false; and (b) a nonlinear two-stage 
least squares (2SLS) version of the Just-Pope (ĝ,), 


3 With small samples, this last log linear regression likely im- 
proves bias in B estimates and efficiency in a, estimates (Buccola 
and McCarl, pp. 735—37). Ln{B) also was adjusted by +0.6352 to 
account for residual asymptotic bias resulting from the fact that Ele| 
= —0,6352 in each log linear regression. 
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which is asymptotically inefficient if H, is true 
and consistent and asymptotically normal whether 
it is true or false (Sargan, pp. 54—60; White).* 
The appropriate test statistic is asymptotically 
chi-square with degrees of freedom equal to the 
number of elements in (8, — B.) (Hausman, p. 
1263). It was computed for each of the three 
Iowa counties, focusing only on yield-mean ef- 
fects f(X) because consistent estimates of the 
corresponding asymptotic covariance matrices 
V(B.), V(B,) are readily available. 


Results 


Results of the system estimates for Linn County 
are shown in the right column of table 1, along- 
side the Nelson-Preckel (pp. 375-76) and Just- 
Pope-type estimates in the left and center col- 
umns. (Muscatine and Fayette County results are 
available on request.) Dummies signifying pre- 
vious legume crops were not significant in any 
of the regressions and were dropped. A wide 
range of values for AB’ was tried for each county; 
in all cases, the optimal values fell in the pos- 
itive range. NL3SLS estimates of technology 
parameters A, a; and b; were only modestly sen- 
sitive to parameterized AB’ levels in the neigh- 
borhood of their optima. Primal system t-values 
given in parenthesis in table 1 are conditional 
on the AB’ chosen. Bracketed ¢-values are de- 
rived from estimates of the corresponding un- 
conditional standard errors.” 


Parameter Estimates 


System estimates of the inputs’ yield mean ef- 
fects were fairly close to the Just-Pope (JP) es- 
timates and in absolute. value somewhat below 
the Nelson-Preckel (NP) figures. For example, 
whereas NP estimate that a 10% increase in po- 
tassium application in Linn County increased 
mean corn yield by 13%, the primal system and 
Just-Pope models show mean yield rising by only 
3% and 5%, respectively. Phosphorus’ curious 
negative effect on mean yield in NP’s Linn 


4 Estimator B, is developed identically to Bo except that inputs X 
specified at each Just-Pope stage are predicted rather than actual 
values. The IV model utilized for this employed the same instru- 
ments as were used in the NL3SLS model of (43, (69. 

> Unconditional standard errors were estimated by numerically 
calculating the system’s gradient vector df(B)/d8, then construct- 
ing the covariance matrix given in Amemiya (p. 963). A standard 
error of ÀB? was obtained in this manner, but separate standard 
errors for A and B? could be derived only if the covariance and 
distributions of these separate terms were known. 
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Table 1. Elasticity of Corn Yield Mean and Corn Yield Standard Deviation with Respect 
to Selected Inputs, Linn County, Iowa, 1964-1969 
Conditional Beta Just-Pope Primal 
Input (Nelson and Preckel)’ Method System 
Yield Mean 

A 48.85 40.36 

(3.89)? (4.19) [3.86] 
Nitrogen (N) 0.46 0.05 0.02 

(2.40) (1.41) [6.01] 
Phosphorus (P) —0.35 —0.01 0.07 

(—1.61) (2.05) [4.36] 

Potassium (K) 0.13 0.05 0.03 

(0.91) (1.90) [4.33] 
Slope ~0.06 0.04 0.07 

(1.14) (1.97) [1.66] 
Clay 0.99 0.18 0.21 

(2.87) (4.20) [2.73] 

Yield Standard Deviation 

BS 4,87 0.21 
Nitrogen (N) 0.29 0.06 0.09 

(0.59) (1.64) [3.27] 
Phosphorus (P) 0.19 0.56 0.80 

(1.71) (6.67) [8.11] 
Potassium (K) —0.22 —0.22 0.35 

(—0.84) (4.12) [7.03] 





* Values for the mean were derived from Nelson and Preckel’s table 3. Values for the standard deviation are one-half of Nelson and 


Preckel’s table 5 figures. 


* Numbers in parentheses are r-values. In the primal system, parenthesized t-value:. are conditional on the optimal AB’ value; bracketed 


t-values are unconditional (see text}. Sample size is 103. 


© Yields are measured in bushels per acre, fertilizers in pounds per acre. Sample means were N = 83.1, P = 50.1, K = 48.8, slope = 


3.3, clay = 22.1, yield = 122.7. 


County model contrasts with a significantly pos- 
itive effect in the system model. 

All three models implied, in each county in- 
vestigated, strong fertilizer impacts on yield risk. 


For example, raising the nitrogen application rate | 


by 10% in Linn County increased yield standard 
deviation by about 1% (thus variance by 2%) in 
the system model and by about 3% in Nelson 
and Preckel’s conditional beta model. Both the 
NP and JP models suggested some fertilizers are 
risk reducing (in Linn, the risk reducer is po- 
tassium). All fertilizers in the system model are, 
in contrast, risk increasing or nonsignificantly 
affect risk.. Risk-portion estimates tended to dif- 
fer widely among the three approaches, sug- 
gesting risk effects are more difficult to estimate 
accurately than are mean effects. 

Substituting the primal system elasticities into 
(4’), taking logs of the absolute values of the 
resulting time series, adding 0.6352 to the ex- 
pectations of the series, then exponentiating gave 
B estimates of 0.209, .1.353, and 2.031 for Linn, 
Muscatine, and Fayette, respectively. Combin- 
ing these consistent estimates of B with the sys- 
tem estimates of AB’ generated an absolute risk 
aversion (A) estimate of 0.016 for Linn, 0.538 


for Muscatine, and 0.140 for Fayette County 
(1967 dolars per-acre basis). These are consis- 
tent with zhe common assumption that producers 
tend to b2 risk averse. 

Quasi-_ikelihood ratio tests (Gallant. and Jor- 
genson) were performed using the unconditional 
covariance estimates to determine the signifi- 
cance of differences between Just-Pope estimates 
and those obtained using the NL3SLS primal 
system. The null hypothesis that the mean-yield 
elasticities obtained from the two estimators are 
the same was rejected at the 0.05 level for all 
counties. Calculated test statistics were 869.60, 
26.15, ard 31.65 for Linn, Muscatine, and Fay- 
ette comoared to a tabled chi-square value of 
11.07 at the 5% test level with five degrees of 
freedom. The null hypothesis that variance-of- 
yield elasticities were the same between the two 
estimators also was rejected at the 0.05 level in 
every case. Statistics were 1365.23, 286.53, and 
9547.71 compared to a tabled chi-square value 
of 7.31 at the 5% test level with three degrees 
of freedcm. Recall, however, that differences in 
the two models’ yield mean effects are much 
smaller than are differences in their yield r risk 
effects. 
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Calculated values of Hausman’s specification 
error statistic were 6.52, 2.39, and 3.05 for the 
three counties, compared to a critical value of 
11.07 at the 5% level with five degrees of free- 
dom. The null hypothesis of independence be- 
tween input usage and the production function 
residual cannot be rejected at a reasonable con- 
fidence level. The Just-Pope approach thus pro- 
vides reasonably consistent estimates of the pro- 
duction function’s mean-portion parameters in 
the cases examined. Yet, these estimates still are 
less efficient than the system estimates because 
they fail to take account of cross-equation pa- 
rameter restrictions and error correlations. 


Per-Acre Supply and Input Demands 


Risk aversion and inputs’ effects on yield risk 
combine to have significant implications for per- 
acre supplies and input demands. Implications 
for Linn County are illustrated by substituting 
the system estimates of production function and 
risk aversion parameters into (6’) and calculat- 
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ing per-acre fertilizer demands. The latter are 
then substituted into (8) to determine means and 
standard deviations of per-acre corn quantities 
supplied. 

The risk-neutral grower’s potassium demand 
curve, which ignores potassium’s positive effect 
on yield risk, ranged from 90 pounds per acre 
at 5.0¢ per pound to 140 pounds per acre at 3.5¢ 
per pound (1967 dollars). When risk aversion (A 
= 0.016) was taken into account, marginal risk 
premium turned positive; demand shifted left- 
ward and passed nearly vertically through the 
sample mean use rate of 48.8 pounds of potas- 
sium per acre. Linn’s corn price—potassium de- 
mand relations are shown in figure 1. Here, in- 
troducing risk aversion not only steepens demand 
but causes it to backbend, as higher output prices 
exacerbate the marginal risk effect of any input 
increases. Possible backbending of the output 
price—input demand relation is one reason com- 


6 MathCAD 2.0 was used to find numerical solutions of the op- 
timal inputs because (6') cannot be expressed in explicit form. 
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parative statics of the risk-averse firm are so dif- 
ficult to generalize (Pope and Kramer). 
Finally, figure 2 gives per-acre corn supplies 
at various levels of expected corn price. Solid 
lines in the figure indicate supply expectations, 
while dotted lines indicate one-standard-devia- 
tion confidence intervals around these expecta- 
tions. (The confidence interval for the risk-averse 
farmer is shaded, and the interval for the risk- 
neutral farmer is left unshaded.) A risk-neutral 
grower’s relatively elastic fertilizer demands re- 
sult in a slight increase in per-acre expected sup- 
ply as corn price rises (right-hand solid line in 
fig. 2). In contrast, the risk averter’s inelastic 
fertilizer demands combine with low mean-yield 
coefficients (top, table 1) to produce relatively 
inelastic corn supply relations (left-hand solid 
line in fig. 2). In fact, per-acre supply back- 
bends slightly, reflecting the high and increas- 
ing rate at which increases in the known output 
price augment profit risk. Just and Zilberman 
also have shown that negative supply elasticities 
can occur under constant absolute risk aversion, 


even when partial risk aversion is as low as 0.60. 
Average partial risk aversion for the sample of 
Linn County farmers was 2.34 at sample means. 

The dotted confidence intervals in figure 2 in- 
dicate the extent to which yield’s heteroskedas- 
ticity in inputs (bottom, table 1) leads to supply 
heteroskedasticity in price. Risk averters’ steep 
input demands mean that corn price changes will 
little affect yield risk. For these farmers, yield 
variance -s slightly lower at high corn prices than 
at low ccrn prices because some input uses are 
slightly lower at high prices as well. Risk neu- | 
trality, on the other hand, encourages greater in- 
put demand elasticity and hence a per-acre sup- 
ply variability that reacts more strongly to output 
prices. 


Conclusions 
Farm technology parameters usually are as- 


sessed independently of the risk preferences of 
farm operators. Such separation raises practical 
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difficulties about sample comparability and fails 
to take maximum advantage of available infor- 
mation. We have shown that a primal system 
consisting of the input demands and production 
function may indeed be specified through which 
mean production, risk, and risk preference pa- 
rameters can be estimated jointly. The system 
approach allows assessment of farmers’ re- 
vealed opinions about production function re- 
lationships, including inputs’ marginal impacts 


on yield risk. It can be used, further, to derive ` 


utility or risk preference estimates that are mu- 
tually consistent with these revealed opinions. 
If the model is correctly specified, consistency 
and efficiency generally improve compared to 
separate technology and utility analysis. 

The approach is not without cost. Extending 
such a system to nonnormally distributed errors 
or nonconstant risk aversion is not straightfor- 
ward. Incorporating nonnormal distributions into 
a system context probably would require using 
a particular nonnormal family, for example the 
conditional beta. Consideration of price risk also 
would complicate the model, and the present 
framework may give inaccurate risk aversion es- 
timates in cases where price risk is substantial. 

Primal system estimates of yield mean elas- 
ticities were fairly close to (but significantly dif- 
fered from) those derived with a Just-Pope-type 
estimator. Elasticities of yield risk often differed 
substantially from the Just-Pope-type estimates, 
falling in several cases closer to the Nelson- 
Preckel figures. Apparently modest yield risk 
elasticities led to rather inelastic per-acre sup- 
plies and input demands even when risk aver- 
sion was moderate. This does not mean total 
supply and input demand would be inelastic as 
well, inasmuch as acreage may remain signifi- 
cantly elastic. It does, however, help explain the 
comparative rigidity of farm input proportions, 
which often is ascribed to output-maximizing 
behavior or asset fixity. 


[Received February 1990; final revision 
received October 1990.] 
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Construction of True Cost of Food 
Indexes from Estimated Engel 


Curves 


William Noel Blisard and James R. Blaylock 


‘This paper applies a technique to derive true cost-of-living indexes from the estimation 
of a simple system of piglog Engel curves. This technique allows a maximum amount 
of commodity disaggregation, and the indexes show the impact of inflation on 
households with different expenditure levels and demographic characteristics. Results 
indicate that the consumer price index (CPI) underestimated the cost of food over the 
1980-85 period. The CPI more accurately reflects the cost of food for nonwhite 


households with low or average food expenditures. 


Key words: Engel curves, true cost-of-living index. 


Economists and government agencies have uti- 
lized various fixed-weight price indexes to as- 
certain how changing price levels affect con- 
sumers and to adjust the benefit levels of welfare 
and transfer programs. However, fixed weight 


indexes, such as the consumer price index (CPI), | 


ignore the fact that consumers will substitute 
among goods as relative prices change, thereby 
altering the appropriate true weights. The result 
is that fixed weight indexes are biased, yet often 
used, estimators of the cost of living. 

In order to construct index numbers based upon 
economic theory and to incorporate substitution 
effects by allowing weights to change from pe- 
riod to period, economists have developed “true 
indexes,” which are typically derived from the 
estimated parameters of a complete demand sys- 
tem. However, demand systems tend to be lim- 
ited to several broad categories of goods be- 
cause of estimation problems; as such, they do 
not capture the substitution effects within the in- 
dividual categories. Consequently, a true index 
that does not require the estimation of a demand 
system has been sought. One candidate, ad- 
vanced by Diewert, and Fry and Pashardes, is 
the Tornqvist price index which, under specific 
conditions, is a true index. This index is easy 
to derive since it simply requires a knowledge 
of budget shares and prices over the relevant time 
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period. Unfortunately, this index may also fail 
to capture substitution effects from relative price 
changes because budget shares are fairly con- 
stant over time. This occurs if consumers make 
quantity adjustments as relative prices change 
but leave real expenditure levels almost con- 
stant. 

The purpose of this paper is to derive true cost- 
of-food indexes for various demographic groups 
in the United States from estimated piglog En- 
gel curves. In addition, we wish to determine if 
the CPI for total food over- or underestimates 
the cost-of-food for any demographic group. The 
indexes constructed in the study are based upon 
the premise that substitution effects can be cap- 
tured by estimating Engel curves in which the 
intercepts may shift from one time period to an- 
other. These true indexes are closely related to 
the Tornqvist index but use the estimated inter- 
cepts from the Engel curves rather than ob- 
served budget shares as weights. The following 
sections outline the estimation of a true cost-of- 
living index from piglog Engel curves, discuss 
the entry of demographic variables into the 
model, and present the estimated Engel curves 
and several true cost-of-food indexes for various 
demographic profiles. 


Estimating the True Cost Index of the 
Piglog Model 


Piglog (price independent generalized logarith- 
mic) models represent a specific class of pref- 
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erences which permit exact aggregation over 
consumers (Muellbauer 1975, 1976). That is, 
the piglog functional forms represent market de- 
mands as if they were the outcome of a repre- 
sentative consumer. These preferences are rep- 
resented by a cost or expenditure function which 
defines the minimum expenditure necessary to 
attain a specific utility level at given prices. This 
cost function is denoted as c(u, p) for utility level 
u and price vector p. Thus, the piglog function 
is defined as 


(1) Inc, p)= (l — w) Ina(p) + uln b(p), 


where u lies between 0 (subsistence) and 1 (bliss). 
Thus, the positive linearly homogenous func- 
tions a(p) and b(p) are regarded as the costs of 
subsistence and bliss, respectively. Specific 
functional forms are assigned to a(p) and b{p) 
so that their first- and second-order derivatives 
can approximate any arbitrary cost function. 

Within the context of the piglog model the 
true cost index for any household may be writ- 
ten as 


(2) In P(Pi, Po; Urr) 
= [a( pı) — a(po)] + [b(p:ı) — b(Do) ene 


for price vectors p, and pp and reference utility 
Ur- Again, this expression can be interpreted as 
the cost of living at some minimum level of con- 
sumer expenditure, say, In S, = a(p,;) — alpo) 
and a marginal expenditure index, In M, = [b(p,) 
— b(po)]uzr- Fry and Pashardes note that, over 
time, In S, incorporates the effects of substitu- 
tion among goods, while differences in In M, 
across households reflect the distributional ef- 
fects of inflation. 

Utilizing the indirect utility function, the 
Marshallian budget shares of the piglog model 
can be derived from the above cost function as 


(3) Win = ap) + [b(p)/b(p) nx, — alp]. 


This complete demand system could be esti- 
mated, but the number of commodities or groups 
that could be considered is constraining. In gen- 
eral, a high degree of aggregation results in little 
substitution between the groups because most 
of the substitution occurs within the separate 
groupings. However, Fry and Pashardes pro- 
pose modeling the substitution effects as shifts 
in the a(p) part of the piglog cost function over 
time. 

Specifically, when the piglog cost function 
takes the almost ideal demand system form, the 
Engel curve can be written as 


(4) 


Win = Ay + B; (In Xu — ad, 
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where A; = Aj + SA; In(pi/po), t= 0... T, 
and a, is the log of the observed minimum 
household expenditure. The A, terms thus re- 
flect the su>stitution effects as prices change from 
Pj. Engel curves can then be estimated for a 
large number of commodities. 

The estimated parameters of the above Engel 
curves are used to construct a base period ref- 
erenced index series for any given household h: 


(5) Inl, = diAio In(pi/ Pio) + An In(pi/Pio) 
+U pir — ]Jfin Xu — Q]. 


The average of the first two indexes is the 
“reference. household’s” (minimum expendi- 
ture) true cost index. All other indexes are rel- 
ative to the reference household’s index; these 
indexes difer by the effect of their level of ex- 
penditure, which is the third term of equation 
(5). 


The Tomg)vist index is formally defined as 


S(Wint + Wiro) In(pi/Pio), 


where Wiar is the budget share for the ith good 
for the Atk household in period t = 0,1. How- 
ever, instead of observed budget shares, we 
substitute :he estimated intercept terms from the 
piglog Enzel curves. These estimated interepts 
represent the budget shares of the “reference 
household” and capture the substitution effects 
that occur as prices change from a base period. 
In addition, we can derive indexes for house- 
holds with expenditures above that of the ref- 
erence hoasehold by utilizing the marginal! ex- 
penditure index. 

The Toznqvist index is a true cost-of-living 
index if tte underlying cost function is translog 
(Diewert) >r quadratic (Fry and Pashardes). Since 
Engel curves related to the almost ideal demand 
system have an underlying quadratic cost func- 
tion, the cerived indexes are considered true in- 
dexes. 


Incorporating Demographics into the Model 


Household characteristics affect patterns of de- 
mand and cause price changes to have varying 
effects on the cost of living for different house- 
holds. Fer illustration consider a household 
characteristic, say z, which is a continuous vari- 
able. The cost function may be written as 


(6) 


In ClUn P, Zn) 
= a(p) + b(p)u, + d(p) In z,, 


where a(r) and b(p) are defined above and d(p) 
= e + B In py. 
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. Intercept shifts for each time period capture 
the substitution effects, and the Engel curves are 
estimated as 


(7) Win = Ay + Ban xy, — a, 
‘= n In za) + é; in z,, 


where 7 is the equivalent income scale at base 
period prices (Fry and Pashardes). Our strategy 
was to group the data by the z demographic vari- 
able, so that the 7 In z, term could be absorbed 
into the definition of the minimum household 
expenditure, a,, for the appropriate demo- 
graphic group. 

Traditional zero-one dummy variables can ac- 
count for various noncontinuous demographic 
effects such as race and region for both the in- 


tercept and the slope parameters. Demographic - 


effects for race, region, and household size are 
captured in this study. 


Empirical Results 


True cost-of-food indexes were constructed from 
Engel curves estimated from data taken from the 
“Continuing Consumer Expenditure Survey” 
(CCES) for the years 1980 through 1985. The 
CCES contains two components, each with its 
own questionnaire and sample. The first is an 
interview panel survey in which approximately 
5,000 households are surveyed every three 
months over a one-year period. The second is a 
diary survey of approximately the same sample 
size in which households keep an expenditure 
diary survey for two consecutive weeks. This 
latter survey obtains data on small, frequently 
purchased items that are normally difficult to re- 
call, including food and beverages. 

By using this survey we considered sixteen 
food categories: beef, cereal and bakery prod- 
ucts, dairy products, eggs, food-away-from- 
home, fresh fruit, fish, fats and oils, fresh veg- 
etables, nonalcoholic beverages, other meats, 
pork, processed fruit, processed vegetables, 
poultry, and sugar and sweeteners. The individ- 
ual CPI’s which correspond to the above sixteen 
food groups and which comprise the CPI for to- 
tal food were used as proxies for price. The es- 
timated equation for each of the sixteen food 


groups is 

(8) Wins = Ai, T Å incD ne T A;,D, + Ai,D,, 
+ AD, + Liz In Zh 
T (Yi + Yie P ne + YD, 
+ Fin? y + Y;,D,) (in Xn T Q,), 


where ¢ = 1980 ... 1985 and the A and Y sub- 
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scripted variables are dummy shifters for the in- 
tercept, A;,, and slope, Y;,, for the North Central, 
South, West, and race. In addition, we have the 
intercept shift parameter for household size, Z,,. 
For this variable z, is the log of the family size 
equivalent scales implicit in the official poverty 
thresholds published by the Bureau of the Cen- 
sus. Ln X, is logged household expenditure on 
total food. Finally, a, is the log of the observed 
minimum household expenditure on total food 
for each demographic group, e.g., nonwhite 
households in the Northeast or nonwhite house- 
holds in the South. 

The estimates for the sixteen Engel curves are 

presented in table 1. For each equation, Ago 
through As, represents the intercept for the 
Northeast for each year of data. A,,. through A,, 
represent regional dummy variables for the North 
Central, South, and West. Z is the estimated 
coefficient for household size, and A, is the de- 
mographic dummy variable for race. 
_ Slope expenditure parameters are represented 
by Y through Y,, where Y represents the esti- 
mated expenditure coefficient for nonwhites in 
the northeast, and Y,,, Y, and Y„, are the esti- 
mated dummy slope shifters for expenditures by 
nonwhites in the North Central, South, and West, 
respectively. Y, is the dummy expenditure slope 
shifter for whites. R? is the goodness of fit of 
each equation, and F is a significance test be- 
tween estimating an intercept for each year ver- 
sus one common intercept for all years. Many 
of the estimated coefficients are highly signifi- 
cant. 

Variation in the intercepts is a necessary con- 
dition the presence of substitution effects and 
the F-tests indicate that most equations are bet- 
ter represented by allowing the intercept to shift 
from one period to another versus a single es- 
timated parameter. Exceptions include fresh. fruit, 
fish, processed vegetables, and sugar and sweet- 
eners. Apparently, little substitution occurs be- 
tween these four categories and the others. For 
instance, households may substitute one kind of 
fruit for another but may not substitute fresh 
vegetables for fresh fruit. In addition, the Pear- 
son correlation coefficient between changes in 
the intercept terms and changes in the individual 
CPIs was .73, which supports the argument that 
shifts in the intercept terms capture the substi- 
tution effects. A rigorous proof of this would be 
to calculate the implied substitution coefficients 
and then check for concavity. However, we have 
more parameters than equations and cannot pro- 
vide this check. We will return to the subject of 
substitution below. 

Comparing the estimated intercepts for any 
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Table 1. Parameter Estimates of Engel Curves 
Commodity A80 A81 A82 A83 A34 A85 Ane A, 
Beef 0748 .0722 0657 0645 .0€10 0541 — .0084 ~- 0053 
(.003) (.003) (.003) (.003) (.00B) (.003) (.002) (.002) 
Cereal & .1199 .1225 .1224 .1217 .1233 .1272 — 0021 ~~ 0129 
bakery (.002) (.003) (.003) (.003) (.0C3) (.003) (.002) (.002) 
Dairy .0888 .0905 .0882 0889 .0&39 0869 .0023 — 0089 
(.003) (.003) (.003) (.003) (.0C3) (.003) (.002) (.002) 
Eggs 0228 0230 0221 0216 0214 .0191 — 0004 — .0009 
(.001) (.001) (.001) (.001) (.0C1) (.001) (.001) (.001) 
Food-away- 2524 2495 2622 2667 .2757 .2763 .0353 .0563 
from-home (.009) (.009) (.009) (.008) (.0C8) (.008) (.007) (.007) 
Fresh fruit 0414 0422 0447 0428 0429 0422 —.0029 ~ 0024 
(.002) (.002) (.002) (.002) (.0@2) (.002) (.001) (.001) 
Fish .9330 .0326 .0327 .0326 0223 .0338 — .0073 ~~ 0049 
(.001) (.001) (.001) (.001) (.0C1) (.001) (.001) (.001) 
Fats and 0237 2336 0221 0206 0217 0225 0007 — 0008 
oils (001) (.001) (.001) (.001) (.0C1) (.001) (.009) (.001) 
Fresh .0392 0430 0435 0438 .0£37 0427 — .0027 -~ 0013 
vegetables (.002) (.001) (.001) (.001) (.0C1) (.001) (.001) (.001) 
Non- 
alcoholic .0732 .0679 .0678 .0709 0714 0721 — 0054 — 0056 
beverage (.003) (.003) (.002) (.002) (.0C2) (.002) (.002) (.002) 
Other .0345 .0364 .0360 .0351 .0232 .0341 —,0032 ~ 0094 
meats (.002) (.002) (.002) (.001) (.0C1) (.002) (.001) (.001) 
Pork .0498 .0518 .0478 .0464 .Oc47 -.0450 .0058 .0064 
(.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) 
Processed .0405 .0414 .0419 0424 0213 0433 —.0061 — 0075 
fruit (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) 
Poultry .0558 .0551 .0051 .0530 0253 -0530 —.0992 ~ 00406 
(.002) (.002) (.002) (.001) (.002) (.002) (.001) (.001) 
Processed 0218 0222 0222 0026 0028 0216 — 0016 ~ 0003 
vegetables (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) 
Sugar and 0284 0264 0254 0263 0253 0262 0041 .0015 
sweeteners (.002) (.002) (.002) (.002) (.002) (.002) (.001) (.001) 


a Three asterisks indicate significant at .01; double asterisk indicates significant at .10 level; single asterisk indicates significant at .05 


level. 


given year with the preceding year indicates the 
food group substitution pattern for the represen- 
tative household. In comparing 1981 with 1980 
we see that the budget shares for beef, food- 
away-from-home, fish, fats and oils, nonalco- 
holic beverages, and poultry decreased, while 
the remaining categories increased. Hence, the 
representative households substituted away from 
these categories into the others. 

As noted above, true cost indexes for refer- 
ence households can be calculated from the es- 
timated intercepts of the Engel curves. Marginal 
“demographic” indexes, calculated from the 
coefficients that shift the intercepts, can be uti- 
lized to construct indexes which take into ac- 
count the effects of race, region, and household 
size. In turn, marginal “expenditure” indexes, 
calculated from coefficients which shift the slopes 
of the Engel curves, can be utilized to construct 
indexes which take into account expenditures 


above thcse of the reference household by race 
and region. 

A true zost-of-food index was constructed for 
a referenze household defined as a nonwhite 
single-person household in the Northeast; it is 
presented in table 2. In addition, we have in- 
dicated how the reference household can be ad- 
justed to eccount for demographic effects by race, 
region, and household size, as well as marginal 
expenditcre effects by race and region. Over the 
1980—85 period the true cost of food for the ref- 
erence household rose 21.8%. White reference 
households experienced a greater inflation rate 
than the nonwhite reference household. These 
values ranged from .1% higher in 1981 to .7% 
in 1983. Similarly, the three regional marginal 
indexes ere all greater than 100.0, which indi- 
cates that the reference household in the North- 
east experienced the lowest rate of price in- 
crease. While both the North Central and South 
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Table 1. Continued. 
Ay Z A, Y Yne Y. Y; Y, R F 
— 0076 .0472 — 0080 .0119 .0052 .0035 — 0031 —.0054 44 26.23*** 
(.002) (.002) (.002) (.002) (.002) (.002) (.602) (.001) 
— 0201 .0184 — 0018 — 0315 — 0074 — 0020 .0069 .0085 66 17.60*** 
(.002) (.002) (.002) (.002) (,002) (.002) (.002) (.001) 
— 0046 .0188 .0401 — 0263 — 0076 .0025 .0064 —.0107 63 2.87** 
(.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) 
.0007 .0004 ~ 0025 ~ 0047 — ,0020 £0009 —,0015 ~.0010 30 11.25*** 
(.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) 
.0637 —.1140 0026 ,0608 .0085 — 0060 — 0062 .0227 66 6.62*** 
(.008) (.006) (.006) (.007) (.007) (.007) (.007) (.006) 
.0072 —.0111 ~ O01] — .0014 — 00905 — 0022 — 0059 ~ 0025 36 1.71 
(.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) 
~ 0042 .0017 — 0135 .0064  —.0014 .0008 .0005 — 0024 21 54 
(.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) 
.0022 .0040 .0037 .0010 — 0010 — 0011 — 0033 — .0027 38 4, 34*** 
-(.001) (.008) (.008) (.001) (.601) (.001) (.001) (.001) 
.0082 —.0047 — .0066 .0010 —.0015 — 0013 —~ 0064 — .0001 43 5.00*** 
(,001) (.001) (.001) (.001) (.001) (.061) (.001) (.001) 
~ 0091 .0018 .0145 ~ 0183 .0080 .0081 .0081 — 0026 48 3.16*** 
(.002) (.002) (.002) (.002) (.002) (.002) (.002) (.001) 
— 0134 .0124 — .0015 .0006 .0009 .0002 .0013 — 0027 33 2.79** 
(.001) (001) (.001) (.001) (.001) (.001) (.001) (.001) 
— 0035 .0207 — .0174 .0109 — 0015 — 0054 — 0028 — 0065 35 6.95*** 
(.002) (.002) (.001) (.002) (.002) (.002) (.002) (.001) 
—,0058  —.0055 — 0048 — 0049 .0012 .0027 .0023 .0003 34 1.88* 
(.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) 
— 0102 .0063 — 0215 — 0019 — ,0003 — 0005 0012 .0008 31 2.19* 
(.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) 
— 0027 .0045 — 0029 — ,0033 .0020 £0021 .0012 .0022 (32 .85 
(.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) 
— 0008 .0038 .0006 ~ .0033 — 0025 ~ 0022 0012 .004 28 1.70 
(.001) (.001) (.001) (,001) (.001) (.001) (.001) (.001) 


had similar rates of price increases, the West 
experienced the highest rates of increase. 

The demographic marginal indexes for house- 
hold size are included in table 2. Each value for 
household size 2 through 5 is below 100.0 after 
1980, generally decreasing in magnitude over 
the six years. This pattern indicates that, rela- 
tive to a single-person household, the true cost- 
of-food falls as household size increases. Intu- 
itively, this may seem contradictory. However, 
the sixteen food categories include food-away- 
from-home, which experienced one of the larg- 
est price increases of all food categories. The 
data indicate that per capita food spending de- 
clines for this category as household size in- 
creases. In 1981 a two-person household expe- 
rienced an inflation rate that was .1% lower than 
a single-person household, while a five-person 
household experienced a rate that was .4% lower 
than a single-person household. In 1985 the cu- 
mulative rates experienced by a two- and five- 
person household were .5% and 1.8% lower, re- 
spectively, than a single-person household. 


Finally, marginal expenditure indexes are also 
shown in table 2. These marginal indexes are 
used to construct true cost-of-food indexes for 
households with expenditures greater than the 
reference household. They indicate the response 
of the reference index to a 1% increase in total 
food expenditure. The race variable for white 
households is again greater than 100.0, indicat- 
ing that the true cost-of-food index increases as 
expenditures increase above that of the refer- 
ence household relative to nonwhites. However, 
the three regional expenditure indexes are all less 
than 100.0, which indicates that consumers in 
the Northeast have a larger marginal expendi- 
ture index than consumers in the other three re- 
gions. These regions have similar marginal ex- 
penditure indexes and are just slightly less than 
that of the Northeast. Hence, while the North- 
east should have the lowest value index for the 
reference household, those Northeast house- 
holds with expenditures greater than the refer- 
ence household may have true indexes greater 
than those of the North Central, South, and West. 
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Table 2. 


Marginal Expenditure Region 
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Marginal Demographic Region 
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Table 3 =laborates upon the effects of substi- 
tution obta:ned from using the intercept param- 
eters to corstruct relevant indexes. The first col- 
umn repeacs the reference index from table 2. 
The second column is the fixed base expendi- 
ture weighzed index. This index lies below the 
Tornqvist index because these effects refer to 
substitution between expenditures rather than 
quantities of goods. The current weighted index 
lies above the Tornqvist as expected. These re- 
sults suggest that an index which uses expen- 
diture shar2s as weights can be a good approx- 
imation to “he true index in the case of total food. 
Conversely, this implies that a quantity share in- 
dex would. be a poor approximation to the true 
index. 

A quantity-share-weighted index is calculated 
using the fact that A; = pigi/x, Where qy is the 
quantity purchased by the reference household. 
Since the Tornqvist index is the true cost-of-food 
index corresponding to x,, A;5S,/pj, = @;, is the 
quantity stare of the ith good. Thus, Sa In(p;,/ 
Pio) and Xov; In(p;,/pi) are the fixed based and 
current weighted indexes which use the quantity 
shares as weights. These indexes are reported in 
the last two columns of table 3. 

As expected, the index which uses the base 
period quantity shares overstates the cost of food, 
while the index which uses the current period 
quantity stares understates the true cost of food. 
Importantly, the biases of these two indexes are 
larger than those of the expenditure indexes. 
Thus, the shifts of the intercept terms of the En- 
gel curves appear to capture the substitution ef- 
fects resulting from relative price changes. 

With th.s background, other cost-of-food in- 
dexes constructed from the estimated Engel 
curves car: be considered. Table 4 indicates con- 
structed irdexes for a reference (least expendi- 
ture) single-person household as well as for single 
households with average and high expendi- 
tures.’ Indexes were constructed for the total 
sample (al singles), nonwhites and whites, as 
well as by region. Average expenditure (the av- 
erage weexly household expenditure in the sam- 
ple) ranged from $56.87 in 1981 to $67.60 in 
1985. The high expenditure level was one stan- 
dard devietion above the mean values. The stan- 
dard deviazion was approximately $40.00 for each 
year in the sample. 


' Conditional expenditure elasticities can be calculated from a 
knowledge of budget shares and the expenditure coefficients using 
the formula e; = 1 + B,/w;. Contact the authors for the appropriate 
budget shares. 
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Table 3. True Index for Reference Household and Substitution Effects 





Reference Expenditure 
Year Index Share Base 
1980 100.0 100.0 
1981 107.9 107.2 
1982 112.0 111.0 
1983 114.2 112.7 
1984 119.0 117.7 
1985 121.8 119.0 


Table 4 and the least expenditure indexes in- 
dicate that each individual index is above the 
CPI. This relationship also holds for those 
households with expenditures above the refer- 
ence household. Other things equal, the true in- 
dex should lie below the CPI since it allows for 
substitution among the sixteen food categories. 
However, over the 1980—85 period households 
increased their budget share of food away from 
home. This category also had a large price in- 
crease over the sample period. However, be- 
cause the CPI is a fixed weight index, it under- 
estimates the increase in total food prices. Note 
also that the indexes in table 4 are for single- 
person households, and that the data indicate that 
these households allocate a larger budget share 
to food away from home than do larger house- 
holds. 

In the individual categories, whites have a 
higher index than nonwhites and the Northeast 
and West have the lowest and highest indexes 
of the four regions, respectively. This result was 
expected from the discussion of the demo- 
graphic marginal indexes. For the reference 
households the differences in the indexes for the 
races are slight, amounting to .1 of a point in 
1981 and .2 of a point in 1985. Similarly, dif- 
ferences among regions are small, ranging from 
.2 of a point difference between the Northeast 
and the West in 1981 to .9 of a point between 
the same two regions in 1985. 

When expenditures above that of the refer- 
ence household are considered, whites have a 
higher average expenditure index than non- 
whites, but now the South has the lowest index, 
while the West again has the highest. This pat- 
tern occurs because the South has the lowest 
marginal expenditure index of the four regions. 
In general, the difference in the indexes be- 
tween the races is greater than between regions. 
This result 1s not totally unexpected because dif- 
ferences in income received are probably greater 


Weighted Quantity Share Weighted 
Current Base Current 
100.0 100.0 100.0 
108.6 108.7 107.1 
113.0 113.1 110.9 
115.7 115.8 113.5 
120.3 121.0 117.3 
124.6 124.8 118.5 


between the races than between the regions. 
Hence, even given the same dollar amount of 
food expenditures, buying patterns between the 
races is different, as was shown by the race vari- 
able in the estimated Engel curves. While part 
of this effect is surely due to asset or wealth 
disparity, some may result from cultural differ- 
ences. 

Considering the high expenditure level in ta- 
ble 4, the same pattern holds that appeared with 
the average expenditure category, except the 
differences between the races again widen. Thus, 
whites have a true cost-of-food index which is 
.4 of a point higher than nonwhites in 1981, and 
1.3 points higher than nonwhites in 1985. Un- 
doubtedly, the difference is because whites al- 
locate a larger share of their food expenditures 
to the food-away-from-home category. 

Table 5 indicates the true cost-of-food index 
for an average size family with average food ex- 
penditures with the same demographic chara- 
ceristics as table 4. As shown in the table, av- 
erage family size over the period in question was 
2.5 people. Relative to the CPI, the true cost- 
of-food index for the total sample is still greater 
but by a smaller margin as a result of the neg- 
ative effect of household size. Hence, the true 
cost index is .3 of a point higher than the CPI 
in 1981 and 1.4 points higher in 1985. How- 
ever, the index for nonwhites is much closer to 
the CPI. The indexes are the same in 1981 and 
differ by .5 of a point in 1985. Across regions 
all the true indexes are above the CPI; again, 
the West has the largest true cost-of-food index 
as before. 

When household size is increased to four peo- — 
ple in table 5, the same pattern is found except 
the calculated index for nonwhites is below that 
of the CPI. However, the index for the total 
sample is very close to the CPI, .2 for a point 
higher in 1981 and .5 for a point higher in 1985. 
The largest difference occurs in 1984 when the 
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Comparison of CPI and the True Cost of Food for the Average Size Household and Households of Four People 


Table 5. 


West 


Nonwhite White Northeast Central South 


All 


CPI 


Blisard and Blaylock 


Household size = 2.5 


100.0 
108.2 
113.2 
116.0 
120.5 
123.7 
108.1 
112.9 
115.5 
119.9 
122.8 


100.0 


100.0 
108.0 
112.9 
115.6 
120.2 
122.9 
107.9 
112.6 
115.1 
119.8 
122.0 


100.0 


100.0 
108.1 
113.2 
115.9 
120.6 
123.0 
100.0 
108.0 
112.9 
115.4 
120.0 
122.1 


108.1 
113.0 
115.6 
120.2 
122.7 
100.0 
108.0 
112.7 
115.1 
119.8 
121.8 


100.0 


100.0 
108.2 
113.2 
116.0 
120.6 
123.2 
108.1 
112.9 
115.5 
120.0 
122.3 


100.0 


107.8 
112.4 
114.6 
119.2 
122.2 
100.0 
107.7 
112.1 
114.1 
118.6 
121.3 


100.0 


100.0 
108.1 
113.1 
115.8 
120.4 
123.1 
100.0 
108.0 
112.8 
115.3 
119.8 
122.2 


107.8 
112.2 
114.5 
118.9 
121.7 
100.0 
107.8 
112.2 
114.5 
118.9 
121.7 


100.0 


1980 
1981 
1982 
1983 
1984 
1985 
Household size = 4 
1980 
1981 
1982 
1983 
1984 
1985 
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true index is .9 of a point higher than the CPI. 
The regional patterns are the same as before. 


Conclusions 


We have applied a technique in which true cost- 
of-food indexes are derived from the estimation 
of a simple system of Engel curves. This method 
demonstrates the feasibility of deriving cost-of- 
food indexes without estimating a complete de- 
mand system. Consequently, a large number of 
commodity groups can be considered and the 
substitution effect between the groups captured. 
Also, indexes for various demographic groups 
in society can be constructed from survey data. 
In general, the results indicate that the CPI 
underestimated the cost of food over the 1980- 
85 period. The CPI more accurately reflects the 
cost of food for nonwhite households with low 
or average food expenditures and with four or 
more household members. Conversely, the CPI 
underestimates food costs the most for small 
white households with average or above food 
expenditures. However, most of the true cost- 
of-food indexes which we calculated were close 
to the CPI for total food. In this sense, the CPI 
was a fairly good indicator of total food costs 
for the above groups over the study period. 


[Received May 1990; final revision received 
September 1990.] 
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Wife’s Employment, Food 
Expenditures, and Apparent 
Nutrient Intake: Evidence from 


Canada 


Susan Horton and Cathy Campbell 


Women’s employment has important effects on the share of food in total 2xpenditure, 
the share of food-away-from-home in the food budget, cost per calorie, and per capita 
availability of twelve nutrients. Empirical results are presented using Canadian 
household food expenditure survey data. As expected, wife’s employmen increases the 
share of food-away-from-home in the food budget. Wife’s full-time employment has a 
negative effect on apparent nutrient intake, not offset by the higher per czpita income of 
such households. There are policy implications for nutrition education and nutrient 


content of food-away-from-home. 


Key words: apparent nutrient intake, Canada, food-away-from-home, food expenditures, 
household survey, wife’s employment, women’s employment. 


The increase in women working outside the home 
has had important economic effects. One effect 
involves food expenditures, both in terms of 
patterns of eating out and the types of foods pre- 
pared in the home, with consequent effects on 
nutrient availability. This study examines the ef- 
fect of wife’s employment on an extensive set 
of variables describing food behavior. The vari- 
ables include the share of food in total expen- 
diture, the share of food-away-from-home 
(FAFH) in the food budget, price paid per cal- 
orie, and the per capita availability of twelve 
nutrients. The results are of potential interest for 
food policy, for nutrition education, and for 
programs which aim to affect the nutrient com- 
position of food eaten outside the home (restau- 
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rant food, fast food, school meals, etc.). In ad- 
dition, this is the first time that public use data 
tapes of Canadian national food expenditure sur- 
veys have been available for use in research. The 
remaining sections of this paper review the lit- 
erature, d=scuss the methods, data, results, and 
conclusions of the study. 


Literatur2 Review 


Several empirical studies have examined the ef- 
fects of wife’s employment status, mostly for 
the Unitec States. Expenditures on food-away- 
from-hom=2 generally increase where the wife 
works outside the home (e.g., McCracken and 
Brandt, Kinsey, Sexauer, and two studies cited 
in Morgan, by Morgan and Goungetas and by 
Haines). Capps, Tedford, and Havlicek also 
found that households where the wife is not em- 
ployed ou-side the home spent a larger share of 
the food budget on nonconvenience foods and a 
smaller share on “complex convenience foods.” 
Barewal showed that households in Canada 
headed either by a single adult or by a couple 
where bom worked full time outside the home 
spent 50% more on restaurant food than house- 
holds heaced by a couple where the wife worked 
full time .n the home. However, because this 
study used only univariate analysis, the wife’s 
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work status effects could not be distinguished 
from other household composition and income 
effects. Fewer studies have considered the ef- 
fects of wife’s employment status on nutrition, 
and the findings of these studies are less con- 
clusive. Adrian and Daniel (using expenditure 
data) found no significant difference in nutrient 
intake between households where the wife was 
employed and those in which the wife was not 
employed. 

For developing countries the effects of wife’s 
employment status has been widely studied, often 
within the context of new household economics 
models. The effect on food expenditures has re- 
ceived little attention because restaurant expen- 
ditures are far less important than in high in- 
come countries. However, one study by Senauer, 
Sahn, and Alderman documented that a higher 
wage (actual or imputed) of the wife was as- 
sociated with a shift in consumption away from 
rice (which involves more preparation time) and 
toward bread (which is more convenient) in Sri 
Lanka. Several studies have used anthropomet- 
ric measures to examine the effect of wife’s em- 
ployment on nutritional status. Tucker and San- 
jur surveyed a number of studies for the 
Philippines, Ghana, and Kerala and found mixed 
effects. In Tucker and Sanjur’s study of Pan- 
ama, wife’s employment status was positively 
associated with intake of protein, calories and 
calcium, and with hemaglobin level and anthro- 
pometric measures. 


Methods 


Women’s employment outside the home has 
several possible effects on consumption pat- 
terns. First, higher household income from the 
wife’s employment would increase consumption 
of all normal goods and increase the budget share 


of luxury goods. Second, the new household _ 


economics framework suggests that wife’s em- 
ployment would cause a shift from consumption 
of time-intensive toward goods-intensive com- 
modities. Other effects result from changes in 
control over household income. Income earned 
by the wife may give women a greater say in 
household expenditure decisions, especially for 
expenditures on children and on basic needs in- 
cluding food (e.g., Dwyer). 

The present study uses three measures of food 
expenditures: the share of income spent on food, 
the share of the food budget allocated to food- 
away-from-home, and cost per calorie of home- 
prepared food (food purchased in food stores). 
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The last variable reflects the widely observed 
phenomenon that as incomes rise, households 
allot more of the food budget to changing the 
type, quality, and variety of foods rather than 
increasing the quantity of calories consumed. The 
study also examines daily per capita availability 
of twelve nutrients (calories, protein, fat, car- 
bohydrate, folate, calcium, iron, vitamin A, vi- 
tamin C, thiamine, riboflavin, and niacin). 

The following budget equations are esti- 
mated: 


food share of income = f(Y, P, Z), and 
FAFH share of food expenditure = g(Y, P, Z), 


where Y is per capita income, P is a vector of 
prices, and Z is a vector of demographic char- 
acteristics including wife’s employment status.’ 
Nutrient availability per capita and cost per cal- 
orie (an indicator of tastes for noncaloric aspects 
of food) are treated as derived demands, and 
similar equations are estimated: 


cost per calorie = A(Y, P, Z), and 
nutrient availability = n(Y, P, Z). 


A quadratic specification of income per capita 
was used (other specifications such as log-linear 
and log-quadratic were also tried, with similar 
results). Since cross-section data are used, re- 
gion and seasonal dummies capture price ef- 
fects. Household composition is represented by 
the number of adults sixteen to sixty-five years, 
the number of adults over sixty-five, and the 
number of children. These variables control both 
for scale effects as well as differences in nu- 
trient requirements by age. Entering household 
composition variables directly is more flexible 
than using adult equivalency scales. Unfortu- 
nately, the data do not indicate the sex com- 
position of the household (other than informa- 
tion on headship). Dummy variables for education 
of the head of household were included (some 
post-secondary other than a university degree/ 
university degree/with the omitted dummy being 
secondary education or less). The male house- 
hold head’s education is the one which is used 


_in households headed by couples. Dummy vari- 


ables are also used to capture wife’s working 
status (households with a male head, no wife/ 


' Per capita income equals total household income divided by 
number of household members. 

? Per capita nutrient availability equals total nutrients available 
per household divided by number of household members. To allow 
for the fact that individual requirements vary by age, age compo- 
sition variables were entered separately (the data tape did not con- 
tain details on sex composition of the households). 
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households with a female head, no husband/ 
households headed by a couple where the wife 
works full time in the market/households headed 
by a couple where the wife works part time in 
the market/with the omitted dummy being 
households headed by a couple where the wife 
works full time in the home).? A house own- 
ership dummy was included (the omitted dummy 
being renters and tenants) because house own- 
ership frequently affects the facilities available 
for home food preparation and lifestyle differ- 
ences. 

Because the wife’s employment variable is 
considered endogenous, instrumental variables 
were used for the two dummy variables reflect- 
ing wife’s work status (full-time and part-time 
market work).* These instruments were the fol- 
lowing: wife’s country of birth (North America, 
the UK, other European countries, and the rest 
of the world), wife’s first language (English, 
French, or other), and wife’s age (6 variables 
representing 10-year age groups).” 

The estimation method was ordinary least 
squares (OLS), with instrumental variables for 
the wife’s work status. For the FAFH share 
variable, 20.3% of the sample did not eat out in 
the reference period. Zero observations cause 
potential estimation problems. If these are true 
corner solutions, tobit is the preferred approach 
for single equation estimates. Wales and Wood- 
land, and Lee and Pitt make suggestions as to 
an appropriate estimation technique where a set 
of budget equations is estimated. However, if 
the zeroes result from infrequent purchase and/ 
or measurement error, then OLS is the most ap- 
propriate method (Deaton, Ruiz-Castillo and 
Thomas). It is likely that almost all households 


purchase some food-away-from-home at some . 


point during the year; therefore, OLS is the ap- 
propriate technique. Because some previous 
studies (e.g., McCracken and Brandt, Kinsey) 
have chosen to use tobit when analyzing food- 
away-from-home, tobit estimates for this equa- 
tion are presented in an appendix table, purely 
for comparative purposes. OLS was also used 


3 Statistics Canada defines full-time work as an individual work- 
ing more than 48 weeks in the last 12 months, of which 25 weeks 
must be full-time employment. Part-time work is between 1 and 48 
weeks, or more than 48 weeks but with less than 25 of these weeks 
full time. 

4 The part of income which depends on wife's earnings is aiso 
endogenous. However, income was not given by source in the data 
set, and no suitable instruments for income were available. 

$ Wife’s work status = f(country of birth, first language, age). 
The instruments include variables likely to affect women’s labor 
force participation but not highly correlated with food expenditures. 
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in the equations using instruments to predict 
values for the wife’s work choice variables. 
Given this model, the likely effect of wife’s 
work status on the food variables of interest now 
can be predicted. The equations control for the 
effect via household income. Therefore, one ob- 
served effect is caused by differences in the value 
of time (wife’s employment would cause a sub- 
stitution away from consumption of time-inten- 
sive commodities and toward goods-intensive 
commoaditizs). The other effect results from wife’s 
bargaining power in expenditure decisions. The 
effect on the share of food in total expenditures 
is ambigucus because it is not clear whether food 
is a time- or goods-intensive commodity, and 
whether wives with greater bargaining power 
would necessarily buy more food. Wife’s mar- 
ket work |:kely would increase the share of food- 
away-frorm-home in the food budget, as well as 
the cost per calorie of home produced food. The 
effect on mutrient intake is not clear a priori. 


Data 


The data are from the 1984 Family Food Ex- 
penditure Survey of Canada. These data have 
been collected almost every two years since 1953 
(Statistics Canada). Previous published studies 
of the Caradian Family Food Expenditure Sur- 
vey have been restricted to cross-tabulations of 
the data (Barewal, Hunt, Karamchandani and 
Robbins, Mathieson and Robichon-Hunt, Nev- 
raumont, Robbins). 

In the 1984 survey, information was collected 
on socioeconomic characteristics of the house- 
hold, and a diary on type of food, quantity, and 
expendituse by type of store for detailed food 
categories was maintained for two consecutive 
weeks. Fcod expenditures in restaurants were 
recorded separately, by type of restaurant and 
type of meal (breakfast, lunch, dinner, snack). 
Of the original data tape covering 5,542 house- 
holds in fifteen cities, 5,188 records were usa- 
ble for the expenditure analysis, and 4,746 for 
the nutrient availability analysis. The small 
sample loss included households who only par- 
ticipated ir the first week of the survey (less than 
1% of households), households who did not state 
their income (about 4% of the sample), and 
households who reported either zero income or 
zero food 2xpenditure (less than 1% of the sam- 
ple). Variable means for the excluded house- 
holds were examined separately and did not dif- 
fer significantly from the rest of the sample in 
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those socioeconomic characteristics of interest 
in this study. 

The nutrient analysis was restricted to 
“housekeeping households,” defined as house- 
holds which ate at least one meal at home each 
week of the survey and which ate over half their 
meals from home supplies during the two-week 
period. For households eating the majority of 
their meals outside the home, food consumed at 
home provides an unreliable guide to nutrient 
availability. This condition excluded a further 
8% of the households. 

Because no recent national nutrient intake 
survey data for Canada are available, apparent 
nutrient intake was also constructed from the 
expenditure data.° The conversion from food 
quantities to nutrients was based on Canadian 
Nutrient File conversion factors obtained from 
Agriculture Canada. The adjustment from nu- 
trient availability from home sources, to total 
nutrient availability, was undertaken as follows. 
The number of meals consumed from home sup- 
plies was calculated (equal to the number of 
members at home times 21 meals per week, less 


$ More accurate techniques for obtaining information on nutrient 
intake might be utilized; however, expenditure data provide some 
useful information on patterns of intake, given a large enough sam- 
pie. For example, Nelson, Dyson and Paul compared nutrient data 
from household expenditure data and from a partially weighed 
method. They found no consistent bias from using one or other 
technique. 
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the number of meals consumed by guests in the 
household, less the number of meals consumed 
by household members elsewhere as guests or 
on expenses, less the number of meals con- 
sumed in restaurants). The ratio (M) of total meals 
consumed per week by household members to 
total meals consumed per week from home sup- 
plies was then calculated. Total nutrient avail- 
ability for the household was obtained by mul- 
tiplying nutrient availability from home supplies 
by the ratio M. Thus, we are assuming implic- 
itly (following Adrian and Daniel, Mathieson and 
Robichon-Hunt, etc.) that a meal eaten away from 
home has the same nutrient value as the one 
missed at home. 

However, unlike Adrian and Daniel, and Ma- 
thieson and Robichon-Hunt, we allowed for dif- 
ferent sized meals at different times of day. The 
distribution of nutrients over the day was dinner 
50% lunch 27%, and breakfast 23% (Kennedy 
et al.).’ Meals eaten by non-family members, 
and meals eaten out by household members as 
guests and on business expense accounts were 
evaluated as 33.3% of the day’s nutrients. Food 
purchased and eaten outside the home as snacks 


’ For example, in a household consisting of a single adult, if 2 
dinners and 1 lunch were consumed in restaurants in one week, 
then (7 ~ 2 X 0.5 — 1 X 0.27) = 5.75 “day-equivalents” were 
consumed from home stores. Weekly intake was then 7/5.73 times 
the intake from home sources. 


Table 1. Means of Food Variables, by Wife Working Categories 


Type of Household, by Wife’s Work Status 


Wife Works Wife Works Wife Works 
Full Time Part Time Full Time Female 

Variable No Wife in Market in Market at Home Headed 
Per capita income ($'000/year) 16.987 16.419 11.064 9.626 11.900 
Food share 0.180 0.124 0.168 0.186 0.205 
FAFH share 0.341 0.288 0.234 0.164 0.225 
Cost per '00 calories(¢) 0.182 0.183 0.167 0.161 0.179 
Apparent per capita daily nutrient intake 
Calories (Kcal) 2,924.1 2,329.6 2,316.4 2,363.7 2,469.0 
Protein (g) 103.0 83.8 81.8 81.6 83.6 
Fat (g) 134.0 104.0 101.1 104.3 107.4 
Carbohydrate (g) 333.9 269.9 274.6 279.9 299.0 
Folate (micrograms) 240.4 191.3 184.6 185.0 208.0 
Calcium (mg) 1,220.1 960.6 944.5 948.5 1,032.6 
Vitamin A (international units) 9,174.7 7,705.6 7,370.9 7,667.2 9,082.2 

` Vitamin C (mg) 106.0 92.7 83.5 85.7 101.4 
Tron (mg) 17.9 14.1 14.0 14.3 15.0 
Thiamine (mg) 1.89 1.52 1.55 1.57 1.63 
Riboflavin (mg) 2.38 1.94 1.90 1.91 2.09 
Niacin (niacin equivalents) 46.4 38.0 36.8 37.1 38.4 
Sample size 513 1,010 839 1,271 1,113 


Notes: Means given to at least 3 significant figures. Canadian dollars are used throughout the study. See variable definitions in table 2. 
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(1.5% of total food expenditure) was not con- 
sidered. 

Three deficiencies in the data should be cited. 
For certain variables (particularly age and in- 
come) extreme values were not coded exactly, 
but as a range (e. g., age over 75 was coded as 
“76 and over”), in order to protect confiden- 
tiality.? Second, the absence of information on 
sex composition of the household was a prob- 
lem for the nutrient analysis. Third, Statistics 
Canada food item categories do not correspond 
exactly to Agriculture Canada Canadian Nu- 


* A point estimate was used for these variables. 
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trient File categories. For example, Statistics 
Canada combines expenditures on lemons and 
limes, whereas Agriculture Canada has separate 
nutrient conversion factors for these two items.” 


Results 


Table 1 contains results from univariate analysis 
of the data. Mean values for some food and nu- 
trient var-ables are provided for five groups of 


* Agriculture Canada provided data on the average proportion of 
expenditure allotted to individual items within these mixed cate- 
gories te permit conversion to nutrients. 


Table 2. Variable Definitions, Means, and Standard Deviations, for Regressions 





Standard 
Variable Mean Deviation 
Per capita income (annual: in $’000) 13.135 9.331 
Per capital income squared 259.591 589.384 
Number of adults aged 16-65 1.807 1.108 
Number of adults aged 65 and over 0.236 0.535 
Number of children 0.630 0.978 
Proportion house owners 0.570 0.495 
Proportion with heads with secondary education only (omined dummy) 0.608 0.488 
Proportion with heads with some post-secondary education 0.246 0.431 
Proportion with heads with university degree 0.146 0.353 
Proportion female head, no husband 0.242 0.428 
Proportion male head, no wife 0.138 0.345 
Proportion where wife works full time in market 0.191 0.393 
Proportion where wife works part time in market 0.176 0.381 
Proportion where wife works full time in home (omitted dummy) 0.253 0.435 
Quarter 1 (omitted dummy) 0.254 0.435 
Quarter 2 0.251 0.433 
Quarter 3 0.246 0.434 
Quarter 4 0.249 0.435 
Maritimes 0.167 0.373 
Quebec 0.165 0.371 
Ontario (omitted dummy) 0.233 0.423 
West (Prairies and British Columbia) 0.435 0.496 
Food share (annual expenditure/annual income) 0.171 0.198 
FAFH share (FAFH expenditure over two weeks/food expenditure over two weeks) 0.256 0.242 
` Cost per '00 calories for home-prepared foods (¢) 0.173 0.073 
Sample size 5188 
Apparent nutrient intake (per capita day) 
Calories (Kcal) (2,700) 2,433.326 1,572.935 
Protein (g) (56) 84.882 59.462 
Fat íg) (=) 107.609 80.898 
Carbohydrate (g) E 287.132 201.980 
Folate (microg) (200) 197.642 127.558 
Calcium (mg) (800) 999.446 622.295 
Vitamin A (international units) (1,000) 8,117.795 9,706.513 
Vitamin C (mg) (30) 92.683 86.425 
Iron (mg) (10) 14.754 10.210 
Thiamine (mg) (1.4) 1.607 1.159 
Riboflavin (mg) (1.7) 2.008 1.341 
Niacin (niacin equivalents) (18) 38.543 26.658 
Sample size 4,746 





Note: Figures in brackets are daily recommended nutrient intakes for males aged 36--50 years (source: Health and Welfare Canada 1983). 


Horton and Campbell 


households: households headed by a male adult, 
households headed by a female adult (in both 
cases with no spouse present), and three house- 
holds headed by couples, where the wife works 
full time in the market, part time in the market, 
or full time in the home. 

Per capita income and household size both af- 
fect food expenditure patterns. Consistent with 
theory, households with higher per capita in- 
come spend a lower share of their income on 
food, a higher share of food expenditures in res- 
taurants, and more per calorie on home-pre- 
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pared food. Households headed by a single adult 
similarly allot a higher share of income to food 
and have a somewhat higher propensity to eat 
in restaurants and to buy more expensive home- 
prepared foods. In a univariate analysis, sepa- 
rating the effect of wife’s employment status from 
the effects of income and household composi- 
tion is difficult. 

The nutrient availability results are of some 
potential concern. In eleven of the twelve cases, 
the households with the lowest apparent per capita 
intake are those where the wife works outside 


Table 3. Regression Results for Food Share, Restaurant Share, and Cost per Calorie 





Independent Variable Food Share 
—0.0137 
Per capita income (23.16)*** 
0.000112 
Per capita income squared (13.47) *** 
—0.0179 
Number of adults 16-65 (5.26)*** 
—0.0266 
Number of adults 65 and over (3.92)}*** 
—0.0165 
Number of children (5.09)*** 
Head has some post- 0.0193 
secondary education (3.07)*** 
0.0299 
Head has university education (3.70)*** 
l —0.00169 
Female head, no husband (1.87)* 
0.0242 
Male head, no wife (2.33)** 
Wife works full time in —0.00133 
market (0.16) 
Wife works part time in —0.00264 
market (0.32) 
—0.00534 
House owner (0.90) 
—0.00750 
Quarter 2 (1.05) 
0.00524 
Quarter 3 (0.73) 
0.00684 
Quarter 4 (0.95) 
—0.0335 
Maritimes (4.06)*** 
0.00992 
Quebec (1.20) 
—0.0149 
West (2.26)** 
Adjusted R-squared 0.140 
F-statistic 47 .87*** 
Degrees of freedom 5,169 
0.371 
Intercept (25.24) *** 


FAFH Cost per 
Share Calorie 
0.0107 0.00241 
(15.40)*** (8.99) *** 
—§.0000723 —0.06000205 
(7.59)*** (4.79) #** 
-0.00758 —Q.000839 
He o 
(8.26)*** (0.82) 
~0.00633 —Q.00342 
re Ge 
; .007 
no a 
— ee 
. .008 
a nani 
: k l 
parti pen 
oo oe 
Son Ct 
(6.30)*** (2.97)*** 
0.00631 0.00904 
ieee Sone 
.027 .017 
aa o 
oer" oe 
—Q. —0.0i1 
(2.62)*** (3.40)*** 
~0.0149 0.60219 
ae Hee 
(2.79) (1.42) 
0.208 0.074 
76.53*** 22.09% ** 
5,169 4,727 
0.138 0.145 
(8.01 )**** (24.71)*** 


Notes: Figures in brackets below coefficients are t-statistics. Triple asterisk indicates significant at 1% level, one tail test; double asterisk 
indicates significant at.5% level, one tail test; single asterisk indicates significant a 10% level, one tail test. Coefficients are given to 3 


significant figures, and t-statistics to 2 decimal places. 
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the home. This is somewhat surprising because 
these households have higher per capita incomes 
than households where the wife works full time 
in the home. Although households where the wife 
does not work in the market have the lowest per 
capita income of the five household types, in 
only one of the twelve cases does this household 
type have the lowest apparent per capita intake 
of a specific nutrient. 

Tables 2, 3, and 4 contain the results of the 
multivariate analysis. Table 2 presents variable 
definitions, means, and standard deviations for 
the regressions, while tables 3 and 4 present the 
regression results: table 3 for the expenditure 
variables (share of food in income, share of 
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FAFH in food expenditures, and price per cal- 
orie of home-prepared food), and table 4 for the 
twelve nutrients. 

The results for food expenditure, presented in 
table 3, generally confirm the findings from pre- 
vious studies for other countries. Higher per 
Capita income is associated with a decreased food 
share (Engels’ law), but a shift occurs to more 
costly types of food as evidenced by an increase 
in FAFH share and a rise in the cost per calorie 
of home-produced food. The effect diminishes 
as income increases, as shown by the opposite 
sign of the squared terms. All the coefficients 
on income and income squared are significant. 
Household size has strong effects on food con- 


Table 4. Regression Results for Apparent Nutrient Intake per Capita 





Dependent Variable 


Independent Variable Calories Protein Fat Carbohydrate Folate Calcium 
Per capita income 26.984 0.985 1.217 3.183 2.406 9.068 
(4.62)*** (4.45)*** (4.04)**~ (4.21)*** (5.14)*** (3.93)*** 
Per capita income —0.176 —0.00660 —0.00764 ~-0.0208 ~—0.0133 —0.0555 
squared (1.89)** (1.87)* (1.59) (1.73)* (1.79)* (1.51) 
Number of adults ~ 176.656 —4.971 ~—-8.392 21.248 ~15.214 —70.897 
16-65 (6.10)*** (4.53)*** (5.62)**" (5.67)*** (6.55)*** (6.20)*** 
Number of adults —94.985 —5.290 -7.543 — 1.294 — 10.242 —80.495 
65 and over (1.63) (2.39)** (2.51)** (0.17) (2.19)** (3.50)*** 
Number of —- 199.312 —7.514 — 10,758 —18.820 — 17.869 ~66.411 
children (7.16)*** OE ese (7.50)**™ (5.23)*** (8.01)*** (6.04)*** 
Head has some post- 16.198 1.619 0.635 1.550 6.589 71.552 
secondary education (0.30) (0.78) (0.23) (0.22) (1.50) (3.31)*** 
Head has university ~20.373 0.134 ~—-2.011 0.690 19.920 107.161 
degree (0.29) (0.05) (0.55) (0.08) (3.47)*** (3.79)*** 
Female head, ~ 169.825 —6.492 —11.945 ~8.755 -3.191 —123.981 
no husband (2.31)** (2.33)** (3.15)**™ (0.92) (0.54) (0.83) 
Male head, no wife 141.693 7.119 7.095 12.421 14.007 101.611 
(1.53) (2.02)** (1.49) (1.04) (1.89)* (2.78)*** 
Wife works full — 167.138 —4,307 —7.948 —20.228 8.946 —62.506 
time in market (2.38)** (1.62) (2.20)** (2.23)** (1.60) (2.25)** 
Wife works part 9.695 1.155 —1.702 4.873 1.330 —11.253 
time in market (0.14) (0.43) (0.47) (0.54) (0.24) (0.40) 
House owner 116.145 5.460 3.850 15.266 6.809 49.234 
(2:25)** (2.79)*** (1.45) (2,29)*** (1.65)* (2.42)** 
Quarter 2 —40.260 —1.118 —~2.189 ~4,171 ~6,709 ~45.716 
(0.65) (0.47) (0.68) (0.52) (1.34) (1.86)* 
Quarter 3 75.620 3.812 2.319 9.441 ~4.165 —6.699 
(1.19) (1.59) (0.71) (1.15) (0.82) (0.27) 
Quarter 4 114.339 4.432 4.042 14,982 —6.849 ~ 14.594 
(1.84)* (1.88)* (1.26) (1.86)* (1.37) (0.59) 
Maritimes ~28.835 —4,312 —6.289 10.506 ~8.651 —71.201 
(0.40) (1.58) (1.69)* (1.13) (1.50) (2.50)** 
Quebec 127.089 4.477 4.231 18.274 10.711 —0.595 
(1.77)* (1.64) (1.14) (1.97)** {1.86)* (0.02) 
West ~—98.654 —6.159 —4,952 ~7.760 —7.340 —66.284 
(1.73)* (2.85)*** (1.68)* (1.05) (1.60) (2.94) *** 
Adjusted R-squared 0.057 0.051 0.052 0.044 0.078 0.060 
F-statistic 16.84*** 15.14*** 15.30*** 12.98+** 23.35*** 17.82*** 
Degrees of freedom 4,727 4,727 4,727 4,727 4,727 4,727 
Intercept 2594.687 88.199 121.873 292.261 212.666 1098.643 
(20.29)*** (18.19)*** (18.48)*** (17.67)*** (20.74)*** (21.75)*** 
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sumption: larger households allot a smaller share 
of income to food, a smaller share of the food 
budget to eating in restaurants, and buy cheaper 
food at home. There are three coefficients on 
household size variables in each of three equa- 
tions: all nine are negative, seven of them sig- 
nificantly so. 

House ownership is associated with a signif- 
icantly lower restaurant share and a significantly 
lower cost per calorie of home-produced food. 
These results may reflect different preferences 
for home-based activities by owners and renters; 
nonowners may also face less adequate cooking 
facilities. More education of the household head 
is associated with a larger share of food in total 


Table 4. Continued. 
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expenditures, a larger share of restaurant food 
in food expenditures, and a higher cost per cal- 
orie of home-prepared food. Two education 
dummy variables are in each of three equations, 
and all six of the coefficient are positive and 
significant. Education clearly has a large effect 
on tastes. Campbell and Horton, and Horton and 
Campbell examine these effects in more detail. 

The variables of most interest in this study are 
those representing wife’s employment. The ref- 
erence group is households where the wife works 
full time in the home (once the norm for house- 
holds, now representing just under a quarter of 
all households in the survey). Compared to this 
household type, all other households spend more 





Vitamin A Vitamin C Tron 
150.452 1.759 0.160 
(4.13)*** (5.45)*** (4.22)*** 
—1.045 —0.0153 —9.000638 
(1.80)* (2 ,99)*** (1.06) 
—829.788 —8.297 —1.119 
(4.59)*** (S.19)*** (5.95)*** 
—257.101 —2.172 —0.455 
(0.71) (0.99) (1.20) 
—830.226 —6.378 — 1.257 
(4.78) *** (4.15)*** (6.97)*** 
366.344 7.424 0.196 
(1.07) (2.46)** (0.55) 
782.188 14.619 0.387 
CL.75)* (3.7Q)*** (0.83) 
153.589 4.273 —0,947 
(0.33) (1.05) (1.99) ** 
—503.903 1.346 0.943 
(0.87) {0.26} (1.57) 
—625.808 —1.650 —0,938 
(1.43) (0.43) (2.06)** 
—44,709 —1.584 0.118 
(0.10) (0.41) (0.26) 
392.548 5.738 0.835 
(1.22) (2.01)** (2.49)** 
—737.868 —2.208 —9.217 
(1.90)* (0.64) (0.54) 
— 100.693 0.388 0.290 
(0.26) (0.11) (0.71) 
—642.78 —8.449 0.459 
(1.65)* (2.46)*** (1.14) 
846.092 —1.173 —0.416 
(1.88)* (0.30) (0.89) 
1703.046 4.069 0,949 
(3.79)*¥** ' 1.02) (2.03)** 
—181.452 —6.864 —0.410 
(0.51) (2.18}** (1.11) 
0.036 0.047 0.058 
10, 80*** 14.Q09*** 17.Q9*** 
4727 4727 4727 
8376.302 91.784 15.563 
(13.00)*** (18.76)*** 


(10.50)*** 


Thiamine Riboflavin Niacin 
0.0177 0.0188 0.473 
(4.07)*** (3.77)*** (4.77)*** 
— 0,000160 —0.0900949 —0.00296 
(2,3 1)** (1.19) (1.88)* 
0.102 —0.143 —2.410 
(4.75)*** (5.77)*** (4.91)*** 
~0.0542 —O.117 —1,985 
(1.25) (2.34)** {2.00)** 
~0.141 —0.163 —3.606 
(6.80)*** (6.86) *** (7.65)*** 
—~0.0412 0.0310 0.520 
(1.01) (0.66) (0.56) 
~0.0852 0.0402 —0,445 
(1.60) (0.66) (0.37) 
~Q.9932 —0.0360 —2.739 
(1.70)* (0.58) (2.20)** 
0.0946 0.136 2.569 
(1.37) (1.71)* (1.64) 
—0,121 —0.098 — 1.987 
(2.33)** (1.63) (1.67)* 
0.0198 0.0130 0.343 
(0.38) {0.22) (0,29) 
0.114 0.137 2.893 
(2.98)*** (3.11)*** (3.31)*** 
~0.0260 —0.0688 —0.662 
(0.56) (1.29) (0.63) 
0.0255 0.0548 1.069 
(0.54) (1.01) (1.00) 
6.0993 0.0194 1.214 
(2.14)** (0.36) (1.15) 
0.0347 —0.0687 —2.052 
(0.65) (1.11) (1.68)* 
0.086 0.0792 2.535 
(1.61) (1.29) (2.08)** 
~(0).0560 —0.0785 —2,225 
(1.32) (1.61) (2.30)** 
0,041 0.050 0.057 
12. 16*** 14.81*** 16,78 *** 
4727 4727 4727 
1.685 2.144 40.055 
(17.72)}*** (19.58)*** (18.48)*** 
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per calorie for home-prepared food, even con- 
trolling for per capita income; the effect is sig- 
nificant in two of the four cases. Other house- 
holds also spend a significantly greater share of 
the food budget on FAFH. This result supports 
cost-of-time interpretations, i.e., households 
where the wife works full time in the home sub- 
stitute the wife’s time for purchased inputs in 
food preparation. Male-headed households with 
no wife present are likely to spend more on food 
aS a proportion of their income. Despite chang- 
ing sex roles in housework, food preparation still 
remains a primarily female responsibility. Men 
without wives are substantially less likely to cook 
for themselves and likely prepare more conve- 
nient, and usually more costly, items when they 
do cook. Men also have higher requirements for 
most nutrients than do women.” 

Table 4 presents the results for apparent per 
capita intake of twelve nutrients. Although the 
number of significant coefficients is large, the 
explanatory power of the equations is not high. 
This is to be expected; food expenditure data 
(unlike nutrient intake data) are subject to changes 
in food stocks. Purchase of a large bag of flour 
or container of cooking oil in one week is likely 
to inflate substantially apparent nutrient intake. 
This stocking behavior cancels out over a large 
enough sample; however, it makes prediction of 
nutrient availability by an individual household 
a hazardous procedure. 

Per capita income is associated with signifi- 
cantly increased apparent intake of all twelve 
nutrients but at a rate decreasing with income 
(the squared term is always negative, signifi- 
cantly so in 8 cases). Household size variables 
have a negative impact on nutrient availability 
in all thirty-six cases, significant and negative 
in thirty cases. The different sizes of the coef- 
ficients reflect different nutrient requirements by 
age. House owners, despite allotting a lower share 
of the budget to food and buying less expensive 
foods, have higher apparent per capita intake of 
all nutrients (10 out of 12 coefficients are sig- 
nificant). The education variables have interest- 
ing effects, suggestive of increased concern for 
health at higher levels of education. There is a 
positive effect on most nutrients, significant for 
vitamin C and calcium for both post-secondary 
and university education and significant for uni- 
versity education for vitamin A and folate. 


i0 The tobit results for the FAFH share are fairly similar to the 
OLS ones, although some of the coefficients on the region and quarter 
dummies change sign. Note that the standard errors in the appendix 
table are not exactly correct; they have not been corrected for the 
fact that instrumental variables were used in conjunction with the 
tobit estimates. 
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However, university education has a negative 
effect on calories, fat, niacin and thiamine, and 
post-secordary education has a negative effect 
on thiamine (intake of the B vitamins is fre- 
quently ccrrelated with calorie intake). 

Finally, the results for the wife employment 
status variables are compared to the reference 
household “households headed by a couple, where 
the wife works full time in the home). House- 
holds heaced by a female with no husband con- 
sume less of ten of the twelve nutrients, signif- 
icantly less in six cases; women have lower 
requirements than men for most nutrients. Con- 
versely, households headed by a male with no 
wife consume more of eleven of the twelve nu- 
trients, significantly more in four cases. House- 
holds where the wife works full time in the market 
consume less of all twelve nutrients (significant 
in 8 cases). and households where the wife works 
part time consume less of four nutrients and more 
of eight (however, none of the effects are sig- 
nificant). Even holding constant household size, 
age composition, and income, there are very 
strong effects of wife’s full time employment 
status on nutrient availability. 

Because. this conclusion is potentially conten- 
tious, som=2 additional work was done on dietary 
adequacy “Campbell and Horton); those results 
are summarized here. Dietary adequacy norms 
for Canada exist for ten of the twelve nutrients 
(the exceptions are fat and carbohydrates). These 
recommended nutrient intakes (RNI’s: Health and 
Welfare Canada 1983) are similar to the U.S. 
RDA’s. Nutrient requirements were calculated 
for each household separately, using the house- 
hold age composition information. As discussed 
earlier, the family food expenditure survey data 
has only fairly broad age categories and no sex 
compositicn data. Therefore, nutrient require- 
ments werz constructed for these broad age cat- 
egories using the 1986 census population weights. 
Households were then categorized as having ad- 
equate or inadequate diets for each of the ten 
nutrients. 

The results of this analysis found that a non- 
trivial fraction of diets were classified as inad- 
equate, ranging from a low of 6.2% (vitamin A) 
to a high of 52.4% (folate). Multivariate anal- 
ysis was undertaken to estimate the probability 
that the hcusehold had an inadequate diet for a 
particular nutrient.’ The same independent 
variables were used as before, and probit meth- 


U It has been suggested that adequacy measures for single nu- 
trients are less meaningful than adequacy measures for groups of 
nutrients. Pete-kin, Kerr and Hama suggest an adequate diet should 
contain 80% of the RDA’s for 1! nutrients, and Huffman suggests 
it should contzin 100% of the RDA’s for 13 nutrients, 
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ods were used to estimate the probability that a 
household had an adequate diet. A negative ef- 
fect of wife’s full-time employment was found 
for all ten nutrients, significant in eight cases. 
Thus, the adverse effects of wife’s employment 
status cannot be dismissed by arguing that the 
effect exists only for households who are al- 
ready exceeding their nutrient requirements. 

It is possible that the RNI’s are set rather high 
and that households with working wives are re- 
stricting their intake for health reasons. Al- 
though limiting intake of calories, fats, and car- 
bohydrates might seem desirable, this is less clear 
for calcium or iron. These households might 
compensate by consuming more vitamin and 
mineral supplements, and it would be desirable 
to explore this possibility in future food expen- 
diture surveys. 

Finally, although the effect of the wife’s higher 
cost of time might reduce nutrient intake, this 
is Offset by the higher per capita income of 
households with wives employed in the market. 
As shown in table 1, however, the effect of higher 
income is not large enough to offset the other 
adverse effects, and households with wives 
working outside the home end up with lower nu- 
trient availability. 


Conclusions 


This study has analyzed the behavior of a set of 
summary variables describing food expenditures 
and nutrient availability (3 expenditure variables 
and 12 nutrient variables) for a large national 
sample of urban households in Canada. As in 
previous studies, income, household size, and 
house ownership have important effects, and 
higher levels of education are correlated with in- 
creased attention to health consideration in food 
selection. Wife’s employment status, via its ef- 
fects on cost of time, leads to a higher share of 
restaurant food consumption and a higher cost 
per calorie of home-prepared food (similar to 
findings of McCracken and Brandt, and Kinsey, 
for the U.S.). 

There are negative effects on nutrient avail- 
ability for households where the wife works full 
time in the market. The higher per capita in- 
come available to these households does not off- 
set the cost-of-time effect, and there is no evi- 
dence that higher wife’s income leads to increased 
expenditures on “basic needs.” Out of the five 
household types, households with wives em- 
ployed in the market (either full and part time) 
have the lowest apparent mean intakes of ten of 
the twelve nutrients. Work elsewhere by the au- 
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thors showed that wife’s employment status had 
a significant effect on increasing the likelihood 
of dietary inadequacy for several nutrients. This 
contrasts with findings for the United States 
(Adrian and Daniel), which were that wife’s 
market work was associated with increased in- 
take for six out of eight nutrients studied (sig- 
nificant for 2 nutrients). Methodological differ- 
ences between the two studies may be an issue 
because Adrian and Daniel use household rather 
than per capita levels for variables, and they also 
have wife’s employment status as exogenous. 

Because there are some limitations of using 
expenditure data to examine nutrient availabil- 
ity, further analysis with more ideal data would 
be potentially useful, in particular including in- 
formation on the foods eaten away from home. 
The study also indicates that U.S./Canadian 
comparisons would be a fruitful topic for further 
study, particularly given the past underutiliza- 
tion of the Canadian data. 

Finally, regarding the policy implications: the 
authors are very far from suggesting that wives 
ought to be persuaded not to work outside the 
home. The results, however, do confirm the 
stresses borne by women and their households 
when women work outside the home and end 
up with a “double day” of work. Policies de- 
signed to help households deal with these stresses 
might be useful. This would be especially im- 
portant for low income households where both 
adults work. In the food area, these policies might 
include augmenting existing efforts to ensure the 
optimal nutrient content of restaurant meals (in- 
cluding fast food meals, and meals eaten away 
from home by children) and nutrition education 
efforts for nutrient-dense, convenient, home food 
preparation techniques. In addition to policy 
changes, major changes in societal values af- 
fecting the division of labor within the house- 
hold (such as involving men more in food pur- 
chasing and preparation) may also ease some of 
the stresses experienced by households where 
wives work outside the home, reflected in these 
results. 


[Received May 1989; final revision received 
October 1990.] 
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Appendix 


Tobit Estimate Results for FAFH Share 


FAFH 
Independent Variable Share 
0.0119 
Per capita income (24,74) *** 
—0,000907 
Per capita income squared (18.29)*** 
—0.00500 
Number of adults 16-65 (1.47) 
Number of adults 65 and —0.0278 
over (4.77)*** 
—Q.00878 
Number of children (2.21}** 
Head has some post- 0.0353 
secondary education (5.31)*** 
Head has university 0.0220 
education (2.47)** 
0.0887. 
Female head, no husband (11.13)*** 
0.109 
Male head, no wife (21.09)*** 
Wife works full time in —0.159 
market (2.48) *** 
Wife works part time in 0.600 
market (7.49) *** 
—0.375 
House owner (6.04)*** 
0.0122 
Quarter 2 (1.60) 
0.0332 
Quarter 3 (4.43) *** 
0.00695 
Quarter 4 (0.90) 
—0.0397 
Maritimes (4.85)*** 
—0.0210 
Quebec (2.83)*** 
—0.0169 
West (2.02)** 
Log lixelihood ~ 1353.1 
Sample size 5,188 
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Rangeland Stocking Rate Decision 
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Reduced future forage production, diminished range condition, and reduced animal 
performance have been major factors considered when setting rangeland stocking rates. 
The relative economic importance of diminished current period animal performance 
versus intertemporal forage production impacts was investigated using a dynamic 
optimal control model. The model is applied to yearling stocker production in eastern 
Colorado. Results indicate that intertemporal grazing impacts to forage production are 
not that important; reduced weight gain during the current period drives the economic 
stocking rate decision. Further, ranchers have no economic incentive as profit 


maximizers to continually overgraze the range. 


Key words: livestock grazing, optimal control, optimal rangeland use, range economics, 


stocking rates. 


Overgrazing can reduce future forage flows, as 
evidenced by the history of livestock grazing on 
much of the public domain (Stevens and God- 
frey). Because of this, setting rangeland stock- 
ing rates is considered one of the most important 
grazing management decisions from the stand- 
point of vegetation, livestock, wildlife, and eco- 
nomic returns (Holechek, Pieper, and Herbel). 
In addition to the past common property prob- 
lem (Hardin), the short-term planning horizon 
of livestock producers, even when property rights 
are assigned, is often cited as the reason for 
rangeland degradation (Workman, p. 52). Some 
argue that the overgrazing problem would be 
solved if ranchers would only consider the im- 
pact of current stocking decisions on future range 
condition and production. 
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Similar to the apparent short-term planning 
horizon of some ranchers, past economic stock- 
ing rate models have also been developed from 
a static, short-term perspective (see for exam- 
ple, Hart et al. 1988a,b; Hildreth and Riewe; 
Torell and Hart; Workman). These models are 
driven by falling animal performance (i.e., weight 
gain, calf crop, conception rates) as stocking rates 
increase, and the models ignore the impact of 
grazing on future range condition and produc- 
tion. 

Stocking rates determined to be economically 
optimal over the single period may not be op- 
timal at all when dynamic forage production im- 
pacts are considered. The relative importance of 
stocking rates in determining current period an- 
imal performance and the dependence of re- 
source flows on prior use rates will determine 
the need for sophisticated dynamic models when 
making stocking rate decisions. 

In this paper, a dynamic economic model that 
incorporates both current and future period im- 
pacts of the stocking rate decision is developed. 
The model can be used to investigate the opti- 
mal frequency of rangeland investments, and the 
investment of judicious grazing practices to ex- 
tend and enhance rangeland productivity is di- 
rectly considered. Similar dynamic stocking rate 
models have been developed by Pope and 
McBryde, Karp and Pope, and Rodriguez and 
Taylor; but our application is unique in that op- 
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timal stocking rates determined by the dynamic 
model are compared to economic stocking rate 
recommendations based on traditional single- 
period (myopic) stocking rate models. Through 
this comparison, the relative importance of 
grazing impacts to current and future period 
livestock production are examined and the need 
for more sophisticated dynamic models for 
stocking rate decisions is evaluated. 

The economic model is developed and ap- 
plied to stocker cattle operations because data 
were available and because this allows certain 
simplifications to be made. However, stocking 
rates for stocker cattle operations are substan- 
tially more adjustable through time in response 
to forage availability and cost/price variations 
than are cow/calf enterprises. The incentive for 
ranchers’ to retain brood stock through drought 
periods and to incur short-term losses, so as to 
avoid the expense of buying additional brood 
stock at a later date, is an important consider- 
ation that may increase the motivation for cow/ 
. calf producers to overgraze. 


The Traditional Single-Period Stocking 
Rate Model 


The traditional value of marginal product model 
of optimal input use has been applied to the 
stocking rate problem by numerous authors (Hart 
et al. 1988a,b; Hildreth and Riewe; Riewe; To- 
rell and Hart; Workman). Although the variable 
input differs, these economic evaluations start 
with a basic definition of input/output relation- 
ships. Most recently, stocking rate studies have 
standardized the grazing input to grazing pres- 
sure (GP is animal days of grazing per unit of 
forage) or forage allowance (animals/unit of 
forage) (Hart 'et al. 1988a, Vallentine). This 
standardization adjusts for grazing intensity dif- 
ferences as forage production varies between 
years because of weather and other environ- 
mental factors. 

We use the basic definitions of Hart et al. 
(1988a) and define stocking rate (SR) as the 
number of stockers grazing per hectare over a 
grazing period of length v, and SD as the num- 
ber of stocker days grazing per hectare (i.e., SD 
= y- SR). GP is current period grazing pressure 
measured in stocker days of grazing per unit of 
standing herbage (H) produced (metric ton = 
1,000 kilograms—~-kg); 


(1) GP = SD/H = v - SR/H. 


In this single-period model, herbage production 
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and the length of the grazing period are exog- 
enously cefined (or estimated) at the time the 
stocking rate decision is made. This assumed 
knowledge of peak standing forage production 
for the year would be limiting in some cases, 
especially when warm-season grasses predomi- 
nate the range site and the majority of grass 
growth is not realized until well after the range 
is stockec.' At other locations, where cool-sea- 
son (early growing) grasses predominate, a sat- 
isfactory 2stimate of expected peak standing for- 
age crops could be made. For example, Hart 
found for cool season grasses growing on the 
High Plans of Wyoming, annual forage pro- 
duction had nearly peaked by the time pastures 
were stocked in May, with 94% of the variation 
of annua. forage production explained by the 
amount of March—May precipitation. 

The relationship between gain per animal per 
day (average daily gain, ADG) and SR is de- 
fined to be a concave function given by 


(2) ADG = f(GP(SR)), 


with df/dSR < 0 and d’f/dSR’* = 0 over the 
economically relevant range of production. 

The tctal kilograms of beef produced per 
hectare, as given by the production function, is 
defined by multiplying the number of steers 
grazing per hectare times their average sale 
weight (W); 


(3) 
equals kilograms of beef sold per hectare, where 
(4) W, = [W, + v - f(GP(SR))] 


equals stocker sale weight (kg), and W, is de- 
termined by the stocking rate decision. For a 
given lerel of herbage production, increased 
stocking rates will decrease ADG and average 
sale weights. Average sale weight will also de- 
pend on purchase weight (W,) and the length of 
the grazing period (v). 

Heavier feeder cattle generally sell for less 
(Schroeder et al.). While sale price is deter- 
mined b” market forces outside the rancher’s 
control, :he rancher determines which market 
price to accept by the size and quality of cattle 
produced. This depends on the stocking rate de- 
cision such that, in addition to market forces, P, 


b(GP(SR)) = SR - W, 


' Rodriguez and Taylor show that it would be economically ad- 
vantageous D stock heavily but maintain a flexible marketing strat- 
egy and sell early if realized forage conditions were less than an- 
ticipated. THis would be equivalent to adjusting v so as to maintain 
the optimal SP. 
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is a function of SR and other livestock charac- 
teristics; 


(5) P; = P(W(GP(SR)),X), 


where X is a vector of exogenous variables that 
identify relevant characteristics of the stocker 
cattle at time of sale (e.g., breed, frame size, 
health, fill, sex, muscling) and price expecta- 
tions. 

The rancher selling in the competitive market 
must choose the stocking rate that maximizes 
profit where, like the model of Hildreth and 
Riewe, profit per hectare is defined to be 


(6) m(GP(SR)) = P,(W,(GP(SR)),X) 
- b(GP(SR)) — (P,W, + r) SR — a, 


where P, is steer purchase price ($/kg); P,W, is 
per head animal purchase cost, r is per head in- 
put factor costs (e.g., supplemental feed, vac- 
cines, labor), which vary with the number of 
stockers grazing the pasture, and a is total fixed 
production costs, which do not vary with use 
rate of the pasture. 

Differentiating equation (6) with respect to SR 
gives the standard result for optimal input use; 
at the optimum, the value of the marginal prod- 
uct (VMP) from adding another stocker to the 
pasture will equal the marginal factor cost (MFC) 
of putting it there. Considered in the first-order 
condition are the marginal value and marginal 
cost of adding the last stocker to the pasture, the 
negative impact to ADG of all animals in the 
pasture, and adjustments to expected selling price 
as sale weights change with stocking rate. 

The solution to the myopic stocking rate model 
may not be optimal when dynamic impacts of 
current stocking rates on future forage produc- 
tion are considered. With a dynamic model for- 
mulation, the significant change is that stocking 
rate decisions during the current period directly 
impact forage production, potential beef pro- 
duction, and revenue in all future years. 


A Dynamic Stocking Rate Model 


In a dynamic setting, a rancher must choose the 
rangeland use rates that maximize the present 
discounted value of economic returns calculated 
over a multiperiod planning horizon. If range- 
land improvement practices will rejuvenate the 
productivity of a range site depleted by the past 
time path of stocking rate decisions or from nat- 
urally occurring brush invasion not related to 
grazing, a chain of renewal cycles (range im- 
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provements) exists. In this case, renewal cycle 
S, defined as the length of time between two 
pasture improvements, must be chosen. If no 
feasible rangeland improvement practice can be 
implemented, the current stand of grass must be 
managed from now to infinity. 

To model the interaction between use rates and 
resource flows, we follow the same procedure 
outlined by Stevens and Godfrey. An index of 
rangeland productivity at time ¢ is defined to be 
I(t) (0 = I(t) = 1).” This index is a measure of 
average rangeland productivity obtained with the 
grazing policy being evaluated, relative to av- 
erage production sustainable through time under 
light or no grazing (#7). 

The average rangeland productivity index 
changes through time, depending on the grazing 
history of the pasture. If relatively heavy stock- 
ing occurred last year, the herbage production 
index this year may be reduced. Movement of 
the index is defined to be a function of the pre- 
vious period’s GP, the previous period’s index 
value, and additional productivity declines not 
related to grazing use rates (e.g., naturally oc- 
curring brush invasion and diminished site pro- 
ductivity). 

Average herbage production at a point in time 
is given by the equation 


(7) H(t) = IOA, 


with past impacts of grazing captured by /(?). 

. By differentiating equation (7), the equation 
of motion for the state variable H(#) is given by 
a differential equation of the form 


(8) dH/dt=dI/dt-H = ®(GP(SR(O),H()),2. 


With the initial condition that at the start of the 
planning period, /(%)) = 1 or Ht) = H, equa- 
tion (8) defines the time path of annual average 
herbage production, depending on the solution 
set to SR(d). 

Average herbage production would be ex- 
pected to decline through time as brush invades 
the pasture. Further, heavier stocking rates would 
be expected to accelerate the rate of brush in- 
vasion and the decline in rangeland productiv- 
ity; this grazing interaction is captured in the dy- 
namic model. H(#) is an endogenously determined 
state variable, and the time path of herbage pro- 


? Normally, the maximum index value might be set at one, im- 
plying light or no grazing yields maximum herbage production. 
However, it is possible that with alternative grazing systems a heavier 
stocking rate would yield higher herbage production through time 
and thus give an index greater than one. 
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duction depends on the stocking rate decisions 
made over the planning period. 

Random fluctuations in weather conditions, 
especially rainfall, will cause annual deviations 
from the herbage production defined by equa- 
tion (7), but these deviations will be offsetting 
on average. The computed average herbage pro- 
duction from equation (7) is the expected herb- 
age production at that point if random variation 
in herbage production is normally distributed 
about some mean production level.’ This mean 
production level will change depending on 
stocking rate decisions, and this changing av- 
erage production is tracked in the dynamic model. 

The annual profit function of equation (6) is 
now altered to include herbage production: 


(9) w(GP(SR(),H(@))) 
= P(W(GP(SR),H()),.X) 
- (GP(SR(O,H())) 
— (P,W, + r)SR(t) — a. 


The profit-maximizing rancher would maximize 
the discounted net present value (NPV) from 
grazing over all future years. The wealth from 
a single grass stand rotation is given by 


(10) s 
CO) = | a(GP(SR@),H®))e ” dt — K(0), 


where p is the discount rate used to discount fu- 
ture returns, ¢ is the year under consideration, 
and K(Q) is the cost of stand rejuvenation im- 
plemented at time O (e.g., brush control, re- 
seeding, pasture reestablishment). 

The integral is defined to start at time f (0 = 
fo < S), which reflects the specified grazing de- 
ferment policy associated with grass stand re- 
juvenation. Assuming all rotations are alike, 
following Perrin’s replacement model, the wealth 
from all future rotations is given by 


(11) Cœ) = A(S)C(1), 


where A(S) = 1/(1 — e7°*) = infinite series fac- 
tor, the present value of a perpetual annuity re- 
ceived every S years. 

The objective functional given by C(©) is 


3 Using a similar dynamic stocking rate model and simulated data 
from the SPUR rangeland simulation model (Wight), Torell inves- 
tigated how weather variations affected the dynamic stocking rate 
decision. Optimal GP and the time path of herbage production were 
found to be similar over a wide range of alternative weather pat- 
terns. 
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maximized subject to the initial stock of herbage 
available for grazing during period fo (H(t) = 
H), and the law of motion for the system as given 
by equaticn (8). If-rejuvenation of the pasture 
is possible, the optimal rotation period ($) must 
also be chosen. If rejuvenation is not possible, 
such that £ is set to ©, maximizing C(1) or C(@) 
is equivalent. 

Using theorem 1 of Long and Vousden, the 
Hamiltonian for the maximization problem can 
be written as 


(12) H = A(S)[7(GP(SR®,H()))e" — K] 
+ w: O(GP(SR(),H())). 


Given equation (8), this is an optimal control 
problem, where S is a control parameter, SR(1) 
is the control variable (function), H(A is the state 
variable, end w is the costate variable defining 
the shadow value of herbage at each point in 
time. 

In both zhe static and dynamic model, grazing 
pressure cirectly impacts current period beef 
productior through grazing pressure impacts to 
ADG. However, in the dynamic model, the ef- 
fect of stocking intensity in previous years is 
captured through its impact on herbage produc- 
tion during the current period. Profits at a point 
in time are a function of SR(t) and the amount 
of herbage at that point. Average herbage pro- 
duction evolves from starting point H, depend- 
ing on how heavily the pasture is grazed. Two 
implicit assumptions are (a) pasture rejuvena- 
tion (e.g., killing the brush, reseeding) followed 
by the specified deferment policy will result in 
the return of grass production to the beginning 
level given by H, and (b) each treatment cycle 
is identica.. : 

Similar to the replacement criterion devel- 
oped by Perrin and by Chavas, Kliebenstein, and 
Crenshaw, the optimal rotation period is ex- 
tended to the point where the rent during the Sth 
period is equal to the interest that could be earned 
on the wealth obtained by optimally utilizing the 
forage over the S-year rotation period. 


Model Application 


The maximization problem so far has been rep- 
resented with continuous-time variables to allow 
simpler algebraic analysis. We illustrate a dis- 
crete time optimal control formulation of the dy- 
namic preblem below and use this empirical 
model to determine the time path of rangeland 
productiviry that would result under profit-max- 
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imizing behavior by ranchers. For the dynamic 


model, we solve for the optimal time path of | 


SR(t), for a number of rotation lengths, then se- 
lect the grass stand replacement age that is op- 
timal, as indicated by the maximum objective 
functional value [C()]. Solution to the empir- 
ical model was obtained using the MINOS non- 
linear programming algorithm (Murtaugh and 
Saunders). 

To evaluate differences in optimal use rates 
and in optimal rangeland productivity through 
time, the traditional single-period (myopic) model 
was iteratively solved for similar price/cost sit- 
uations. This was done by determining the my- 
opic optimal stocking rate for year 1 and then 
using the estimated equation of motion to define 
average herbage production that would result in 
year 2 with this SR. The optimal stocking rate 
for year 2 was then calculated and the procedure 
was repeated over the planning horizon. A sim- 
ilar procedure, but with dynamic interactions 
considered in the optimization, was also used 
for the dynamic model. This comparison of the 
myopic and dynamic solutions indicates the im- 
portance of developing more complex dynamic 
models and provides an evaluation of diverging 
trends in rangeland productivity when the future 
is not considered in stocking rate decisions. 


The Study Site 


The empirical analysis uses data from a long- 
term grazing study conducted in eastern Colo- 
rado (see Sims, Dahl, and Denham for a com- 
plete description of the grazing trial methods and 
results). This Colorado example is one of the 
few grazing studies with adequate design and 
length to quantify the long-term impacts of 
grazing to livestock and forage production needed 
for economic analysis. 

The Colorado grazing study was conducted 
over fifteen years, from 1955 through 1969, with 
both livestock and forage response to grazing 
treatments measured during selected years. The 
study site was in the central Great Plains, in the 
northeastern Colorado sandhills. Average an- 
nual precipitation over the study period was about 
38 centimeters (15 inches). The distribution of 
rainfall was normally distributed, with an equal 
number of years below and above the reported 
average. About 73% of the precipitation oc- 
curred during the active growing season be- 
tween 1 April and 31 August. 

The vegetation was heterogenous with major 
forage species of blue grama (Bouteloua gra- 
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cilis), prairie sandreed (Calamovilfa longifolia), 
and needle-and-threat (Stipa comata). The pri- 
mary invading brush species was sand sage- 
brush (Artemisia filifolia). 

Three ‘continuous season-long grazing treat- 
ments were implemented during 1955, with 4 
hectares allowed per grazing steer for the de- 
fined light stocking rate, 2 hectares for the mod- 
erate stocking rate, and 1.3 hectares for the heavy 
rate. The grazing season was 150 days long, from 
about 1 May to 30 September. Livestock re- 
sponse data were recorded from 1955 through 
1965, and herbage production data were re- 
corded from 1957 through 1968. Average herb- 
age production measured over the twelve years 
was 1,728,- 1,485, and 1,311 kilograms per 
hectare under light, moderate, and heavy graz- 
ing treatments, respectively. 

Table 1 shows the herbage production and 
percent forage utilization reported for each of 
the three stocking rates. Also shown is the graz- 
ing pressure calculated for each year of the graz- 
ing trial, based on other data reported by Sims, 
Dahl, and Denham. The data reported in table 
1, along with other livestock response data re- 
ported in the Colorado grazing study were used 
to estimate the equations of the optimization 
model. 

Rangeland productivity was negatively im- 
pacted through time by increased grazing pres- 
sure. In fact, the Colorado grazing study found, 
for this range site, that any rangeland produc- 
tivity deterioration was related directly to graz- 
ing pressure.* Rangeland productivity increased 
slightly under the light grazing treatment, es- 
pecially during the first seven years of the study. 
It decreased under the heavy use rate and re- 
mained relatively constant at the moderate rate. 
By 1965, when the light grazing treatment was 
discontinued, herbage production under mod- 
erate grazing averaged about 94% that of the light 
treatment, compared to 82% under the heavy 
treatment. 

In addition to reduced herbage production, in- 
creased grazing intensity had adverse, but not 
major, impacts to the range resource; it de- 


* This result is in contrast to the range replacement model of Burt 
(1971), where grazing was assumed to have no significant impact 
on the rate of brush encroachment and productivity decline. In re- 
sponse to criticism on this assumption, Burt (1972) stated that there 
is little empirical evidence to support or refute the importance of 
grazing to the retreatment problem, We would agree with Burt’s 
observation for the pifion-juniper problem he addressed; essentially, 
no empirical work has been done on this problem since Burt’s paper 
was Written. As a result, prazing impacts to future resource flows 
are largely unquantified and undoubtedly range site and species 
specific. 
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Table 1. 
Three Stocking Rates, 1957—68 
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Herbage Production (H), Grazing Pressure (GP) and Forage Utilization Under 





Stocking Rate 


Light Moderate Heavy 

Year GP HD Utility GP HG) KY Utility GP H(t) I(t)” “Utility 

(kg/ha)  (%) (kg/na) (%) (kg/ha) (%) 
1957 2 1,339 20 48 1,432 07 41 72 1,497 1.12 62 
1958 23 1,732 26 46 1,762 1.01 41 74 1,691 0.96 63 
1959 31 1,423 43 62 1,448 1.02 56 105 1,312 0.92 79 
1960 24 1.738 29 55 1,521 0.88 34 99 1,316 0.76 57 
1961 18 1,999 29 40 1.794 0.90 34 64 1,618 0.81 57 
1962 18 2,005 35 45 1,546 0.77 32 67 1.604 0.80 62 
1963 18 2,092 49 41 1,523 0.73 41 60 1.499 0.72 50 
1964 23 1,662 19 54 1,399 0.84 50 98 1,206 0.73 70 
1965 24 1,547 20 50 1,461 0.94 40 90 1,272 0.82 58 
1966 1,477 49 1,264 63 
1967 1,209 920 
1968 1,250 532 
1957-65 
Average 23 1.728 30 49 1,485 0.91 44 81 1,311 0.76 64 


Source: Sims, Dahl, and Denham. 


* Herbage production under moderate grazing divided by herbage production under light grazing. 
" Herbage production under heavy grazing divided by herbage procuction under light grazing. 


creased the amount of desirable cool season 
grasses, diminished range condition, and in- 
creased the density and overstory of sand sage- 
brush. 

As in many other grazing studies, average daily 
gain and gain per head were lowest under heavy 
stocking rates. Holechek, Pieper, and Herbel at- 
tribute this decline in livestock performance to 
reduced forage intake and diet quality. De- 
creased forage availability reduces animal se- 
lectivity and forces grazing animals to select diets 
lower in quality. It also forces animals to spend 
more energy on foraging activities that could 
otherwise go into production. 

Beef production per hectare is determined by 
the weight of the animals and the number of an- 
imals in the pasture. In the Colorado grazing 
study, beef produced per unit land area was 
highest under the heaviest stocking rate for every 
year of the study. 


Model Specification 


Using data from Sims, Dahl, and Denham, var- 
ious model equations and relationships, includ- 
ing the production function and equation of mo- 
tion, were estimated using ordinary least squares 
regression. The beef price model of Schroeder 
et al. was used to determine selling price as a 
function of the endogenously determined sale 
weight. In addition, the linear relationship be- 
tween GP and forage utilization was estimated 


so as to relate our model results to the standard 
stocking rate prescriptions made by range sci- 
entists using percent forage utilization as an in- 
dicator of proper use.” Estimated regression 
equations are shown in table 2. 


Beef production function. Several different 
functional forms of the average daily gain func- 
tion have been specified in past grazing re- 
search, but a linear equation has been the most 
common specification and adequately defines 
ADG response to grazing pressures (Bransby et 
al.; Hart et al. 1988a,b; Hildreth and Riewe). 
With a linear ADG function, equations (3) and 
(4) imply a quadratic production function. 


Equation of motion. The equation of motion 
was estimated as a linear first-order difference 
equation. We tried a number of different func- 
tional forms of the equation, but a linear equa- 
tion seemed to fit best. As shown in table 1, 
there was no trend of herbage production that 
was not associated with the level of grazing use. 
Under light grazing, herbage production, range 
condition and the amount of brush in the pasture 
was nearly constant through time. 


* Curren: stocking rate recommendations, for example, are to 
maintain rangeland productivity by harvesting no more than 30% 
to 60% of available forage, depending on range type (Holechek, 
Pieper, and Herbel, p. 190). 
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Table 2. Selected Equations of the Stocking Rate Models 
Average daily gain (kg/head/day)° 
ADG = f(GP,) = 0.82 — 0.0029 - GP, 
Sale weight (kg/head)*” 
W, = [W, + v- ADG)] = 338 — 0.436 - GP, 
Livestock gain per hectare (kg/ha)° 
Gain = SR,:v-ADG = SR,(123 — 0.436 - GP,) R? = 0.99 
` (6.2673) (0.0845) : 
Beef production per hectare” 
b(GP(SR)) = SR, + W, = SR{338 — 0.436 + GP, 
Equation of motion 
I, = 0.4343 + 0.5824 - Lı — 0.00136 - GP, fies 
(0.1222) (0.1169) (0.0005) 
H,= -H 
Percent forage utilization 
U, = 17.8008 + 0.5220 - GP, ae 


ee (3.582) (0.0628) 
eef prices 


P, 
P, 


= 1.5064 + 0.465 - Futsring — 0.00348 - W, + 0.000002 - W,? 
= 0.5626 + 0.314 - Futen + 0.00238 - W, — 0.000004 - W}? 


* The equation for livestock gain per hectare was estimated directly from data presented by Sims, Dahl, and Denham. The ADG, sale 
weight, and beef production per hectare functions were algebraically estimated from this equation. 


è Assumptions: W, = 215 kg, and v = 150 days. 
€ The standard error of the estimate is presented in parentheses. 


å Reduced equations from Schroeder et al. with the livestock characteristics defined. 


The herbage production index was estimated 
as - 


(13) IL = ao + al; + aGP,_,.° 


Then, Z, was multiplied by H = 1,728 kilograms 
per hectare, the average herbage production un- 
der light grazing (table 1), to give 


(14) H, = (a oH =e aH; za aH - GP,_;). 


In solving the optimization problem, the NPV 
of annual profits was maximized subject to con- 
straints defining the dynamics of the system us- 
ing equation (14). The constraint set was de- 
fined to be 


Beef price function. Depending on livestock 
characteristics at the time of purchase and sale, 
the beef price model of Schroeder et al. can be 
used to estimate purchase and sale prices for 
feeder cattle. As shown by these authors, heavier 
feeder steers generally sell for less per kilo- 
gram. Thus, an increased stocking rate would 
be expected to increase sale price. 

The Schroeder et al. model uses observed fu- 
tures market prices to form price expectations. 
In this application, the futures prices in the fall 
(Futam on 1 October) and spring (Fut,,ing, ON 1 


A X = b 
Hua 
H,» 
10 00.0 0J0 oO ..0 H, +3 A 
—~Q, J Q00...0 0 ~a,HO0 . 0 : aH 
(15) O —a10...0 O10  -œñ...0 His | = | aÑ. 
: il; $ | | GPa a 
Q 0 00.. — a0 0 0 — a, GP, +2 Qy 
GP,+s 





6 If range site productivity declined over time from additional May) over the period 1979 to 1988 were used. 


naturally occurring brush invasion and maturation that was not re- 
lated to grazing, equation (13) could be specified with an additional 
time variable such as Z, = a + ay); + @2GP,~; + a, (a, < 0). 


This ten-year cycle of futures prices was re- 
peated to estimate expected purchase and sale 
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prices of steers over a specified forty-year plan- 
ning horizon.’ 

We assumed that uniform lots of healthy, 
mixed breed, medium sized cattle would be 
bought and sold. These assumptions result in re- 
duced parameter price equations, with only the 
exogenously defined futures price and endoge- 
nous livestock sale weight as explanatory vari- 
ables (table 2). The purchase price of stockers 
was exogenously defined with specification of 
the spring futures price and an assumed 215-ki- 
logram purchase weight. 

Table 3 shows the ten years of estimated beef 
prices used in the analysis, assuming an average 
310-kilogram sale weight of steers. The smaller 
the price discount (price margin) between pur- 
chase and sale, the more favorable production 
is for yearling stocker operators. Of the ten years 
considered in setting expected beef prices, 1979 
was the worst price year (widest price margin) 
and 1980, 1986, and 1987 were the best price 
years for yearling production. 


Other model parameters. Using cost and re- 
turn estimates prepared for yearling stocker 
operators in Kansas (McReynolds and Barnaby) 
and in New Mexico (Torell, Williams, and 
Brockman), variable production expenses (7), 


7 With a positive discount rate, numerical solution could not be 
obtained for over a 40-year grazing rotation; thus, this was the max- 
imum rotation considered. 

® In the actual analysis, purchase weight was constant at 215 kg, 
but sale weight varied depending on the optimal stocking rate de- 
cision. 
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including salt and minerals, fuel and repairs, 
veterinary and medicine, labor, marketing, and 
miscellaneous expenses, were estimated to be 
$55 per head over the 150-day grazing season. 
Fixed production expenses (a) were estimated to 
be $18 per hectare including a return to operator 
labor and management, such that the objective 
function value represents a discounted return to 
land and improvements. The return stream was 
discounted at a 7% rate of interest (p). Other 
computer runs were made to evaluate the sen- 
sitivity of the solution to the discount rate. 

To analyze differences in the time path of 
rangeland productivity under both the single-pe- 
riod and dynamic models, a forty-year planning 
period with two years of deferment (fọ = 2) was 
considered. Treatment cost (K) was $41 per 
hectare, the average cost for control of sage- 
brush using tebuthiuron pellets (McDaniel et al.). 
Additional computer runs were also made to see 
how cost cf treatment affected the optimal re- 
treatment s:rategy. 


Application Results 


Optimal stocking rates. The optimal stocking rate 
varies from year to year (fig. 1). In good price 
years, with a relatively small price discount for 
heavier cattle, like 1980, 1986, and 1987 (table 
3), the optimal stocking rate is nearly twice that 
of unfavoreble price years like 1979 when the 
price discount is large. Standard stocking rate 
recommencations often recognize that grazing 
use rates snould vary from year to year, de- 


Table 3. Beef Prices Used in the Economic Analysis 





Estimated Price 


Price Year in Price 
Year the Analysis Spring Fail Purchase Sale Discount 
nano nnennaenmannemen aman mmmemanan ommn = ($/kg) wn------- nee nr nnn nnn en nn ne tere 
1979 1, 11, 21, 31 2.01 1.83 1.79 1.44 —0.35 
1980 By TZ 2232 1.50 1.65 1.55 1.39 —0.16 
1981 3; 13273 1.57 1.46 1.59 1.32 —0.27 
1982 4, 14, 24, 34 1.48 1.46 1.54 1.33 —0.21 
1983 5, 15,.25; 35 1.43 1.30 1.52 1.27 —0.25 
1984 6, 16, 26, 36 1.41 1.43 1.51 1.32 —0.19 
1985 7, 17, 27, 37 1.43 1.39 1.52 1.30 —0.22 
1986 8, 18, 28, 38 1.17 {37 1.40 1.30 —0.10 
1987 9, 19, 29, 39 1.54 1.73 1.57 1.41 —0.16 
1988 10, 20, 30, 40 1.74 1.70 1.67 1.40 =O.21 


Note: Specification of the Schroeder et al. price model was with a purchase weight of 215 kg, variable sale weight depending on the 
stocking rate decision, 50-head lot size, healthy fleshy condition, mixed horns and breeds, shrunk fill, medium muscling, medium upper 
and lower frame, purchased during 2nd quarter at market 5, sold during 4th quarter at market 5 and with future prices ($/kg) as specified 
above. 
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pending on forage production, but variation due 
to economic conditions is rarely recognized.” 

In most years, economically optimal GP would 
be near that realized under the moderate stock- 
ing rate definition of the Colorado grazing study 
(table 1). Defined heavy use rates would be op- 
timal during good price years. 

The current stocking rate recommendation for 
this midgrass prairie site is to utilize 45% of 
available forage (Holechek, Pieper, and Herbel, 
p. 190). This implies a constant GP of fifty-two 
steer days per metric ton of forage. The rec- 
ommendation, based largely on noneconomic 
factors, is remarkably close to the average eco- 
nomic optimal use rate shown in figure 1. Ad- 
justing stocking rates to economic conditions is 
important, however. By adjusting stocking rates 
up and down depending on economic condi- 
tions, the objective function value was increased 
by 24%, from minus $63 per hectare with the 


? Holechek, Pieper, and Herbel (p. 186) recognize four basic 
strategies that producers might select: (1) stock conservatively so 
that the range is not overstocked, (2) stock at a high rate com- 
mensurate with forage availability during favorable years, (3) stock 
at the average, and (4) vary stocking to meet forage supplies for 
each year. 
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constant 45% utilization rule to minus $48 per 
hectare with flexible, economically optimal 
stocking rates. 

Optimal stocking rates determined by the dy- 
namic and single-period (myopic) models were 
not greatly different. As expected, when im- 
pacts to future forage production were included 
in the stocking rate decision, economically op- 
timal stocking rates were decreased, but only 
slightly. This implies, for this midgrass prairie 
range site, that the impact of grazing pressure 
on current period animal performance drives the 
economic stocking rate decision. This is differ- 
ent than the results reported by Pope and 
McBryde, where diminished rangeland produc- 
tivity drove the economic stocking rate deci- 
sion. 

As the planning period draws to a close, the 
difference between optimal stocking rates de- 
fined by the dynamic and myopic stocking rate 
models is reduced until the final year, when the 
two rates are equal. This occurs because there 
is no additional future value to remaining for- 
age; i.e., the opportunity cost of increased graz- 
ing is zero because the grass stand will be re- 
juvenated next year. 
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Optimal rangeland productivity. Correspond- 
ing to the fluctuations in optimal stocking rates, 
average herbage production varies optimally 
through time after reaching a long-term level of 
production equilibrium (fig. 2), similar to that 
found under moderate use rates in the Colorado 
grazing study (table 1). Further, as shown with 
other applications in natural resource economics 
(Samuelson, Fisher), producing at a maximum 
sustainable yield would not be economically op- 
timal. Peak forage production was not main- 
tained under profit-maximizing stocking rates 
with either the myopic or dynamic models. 
Rangeland productivity was not devastated either. 
After an initial drop in average herbage produc- 
tion, optimal rangeland production declined to 
about 1,500 kilograms per hectare under the dy- 
namic model and 1,450 kilograms per hectare 
for the myopic model. Implications are that 
maintaining maximum sustainable grass yield and 
range condition, a primary goal in range man- 
agement, is unobtainable, given the profit mo- 
tive of ranchers. But, for this range site, the profit 
motive will not ruin the range either. 


Net present value. By reducing stocking rates 
and foregoing revenue in the early years of the 
planning period, revenue in future years was in- 
creased only slightly for the dynamic model 
(-—$48/ha for the dynamic model versus 
—$49.33/ha for the myopic model). As indi- 
cated by the negative objective function values, 
alternative resource uses may be expected over 
the long term. Annual returns to land and im- 
provements were only positive with the 1980, 
1984, 1986, and 1987 beef price situations. 
Variable production expenses were covered in 
all years. Price margins between yearling pur- 
chase and sale have widened in recent years, and 
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the profit potential for yearling stocker opera- 
tions on rangeland, relative to cow/calf and sheep 
ranches, has diminished (Torell, Williams, and 
Brockman). 


Optimal retreatment schedule. Given a $41 
per hectare treatment cost, plus two years of 
grazing deferment, there is no need for retreat- 
ment on the Colorado study site. Model results 
indicate grass productivity would be maintained 
by grazing. at economically optimal stocking rates. 
Realistic beef prices faced by livestock produc- 
ers will cause economically optimal stocking rates 
to lie below levels that would significantly de- 
teriorate rangeland productivity. In this appli- 
cation, no additional investment through signif- 
icantly reduced grazing use. rates or rangeland 
brush control treatments is needed or economi- 
cally justified. 

By extending the grass rotation from every 
seventeen years to every twenty-two years, the 
value of the objective function increased from 
—$73 per hectare to —$58 per hectare. Increas- 
ing the rotation by an additional ten years (32- 
year rotation) decreased the loss still further to 
—$51 per hectare. With forty years of grazing 
use before retreatment, the objective function 
value was reduced slightly more to —$48 per 
hectare. If a rancher started with the Colorado 
range site already at peak forage production, such 
that no initial treatment and deferment were 
necessary, managed the site over an infinite 
planning horizon, and used economically opti- 
mal stocking rates every year, the specified costs 
and prices considered in the analysis would in- 
dicate a nearly breakeven investment. In this case, 
the objective function value (return to land and 
improvements) would be —$5 per hectare. 


Sensitivity analyses. As shown in figure 1, 
optimal GP was sensitive to changes in ex- 
pected beef prices and annual production costs. 
This was true of both the dynamic and myopic 
models. Additional computer runs were made to 
see how sensitive the optimal solution was to 
rangeland treatment costs (K) and discount rate 
(p). In general, the solution was not signifi- 
cantly affected by changes in either of these pa- 
rameters. 

As shown by Perrin, increasing the discount 
rate generally results in an earlier optimum re- 
placement age, as occurred in this application. 
Because the model would not solve for more than 
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a forty-year planning period, we could not es- 
tablish an exact optimal time for replacement. 
Empirical results indicated, however, as the dis- 
count rate increased from 7% to the unrealistic 
level of 30%, that the optimal grazing use rate 
increased by about two steer days per metric ton 
of forage, implying a faster use rate and more 
rapid replacement. This was an insignificant dif- 
ference because a two-unit change in GP would 
not even be measurable. 

The value of the objective function was in- 
_ creased with an increase in discount rate. In- 
creasing the discount factor from 7% to 14% in- 
creased the objective function value from —$48 
per hectare to —$44.91 per hectare because fu- 
ture losses became less important in present value 
terms. 

Optimal stocking rates were not affected by 
the cost of the rangeland improvement. Simi- 
larly, the optimal retreatment schedule was in- 
sensitive to treatment cost, except at unrealist- 
ically low levels. When the treatment cost was 
greatly reduced, from $41 per hectare to less than 
$5 per hectare, the optimal replacement cycle 
was every four years (plus the 2 years of defer- 
ment). Above this cost level, optimal replace- 
ment stayed at the forty-year cycle found with 
the base run. This is because little would be 
gained from implementing a range improvement 
as implied by the equation system defined in the 
Colorado application. As shown in figure 2, by 
practicing economically optimal stocking rates, 
herbage production would only decline by about 
200 kilograms per hectare, and this would occur 
within five years. 


Model Limitations 


The dynamic stocking rate model developed here 
is deterministic with the assumption that at the 
time the stocking rate decision is made a rancher 
can accurately predict prices, costs, and forage 
conditions. Stochastic weather variations are not 
directly considered in the stocking rate decision; 
the time path of average rangeland productivity 
defines the intertemporal dynamics of the model. 
This procedure is appropriate for the yearling 
stocker operations considered in the model ap- 
plication. This type of livestock operation has a 
considerable marketing flexibility and can an- 
nually adjust the number of head purchased, de- 
pending on both economic and forage condi- 
tions. Our results show that a yearling operator 
should carefully consider expected economic and 
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forage conditions for the year and set stocking 
rates accordingly.'° Furthermore, the results in- 
dicate that little if any thought need be given to 
what the stocking rate decision will do to forage 
production in future years. 

The stocking rate decision is more compli- 
cated when brood stock must be maintained be- 
tween years. In this case, future weather pat- 
terns are an important consideration. A major 
cost will be incurred in selling and buying brood 
stock or in purchasing supplemental feed if 
stocking rates are set too low or high relative to 
realized forage production. Unlike the yearling 
stocker operator, cow/calf and sheep ranchers 
must make long-term stocking rate decisions. In 
this case, planning stocking rates based on the 
average forage production expected under alter- 
native stocking rates may not be appropriate. 


Concluding Comments 


As noted by Bromley, an important grazing in- 
teraction is the impact of grazing on future 
rangeland productivity. This is universally be- 
lieved, as evident by the rationale given for rec- 
ommending desirable stocking rates (Holechek, 
Pieper, and Herbel; Stoddart, Smith, and Box). 
However, results of this study indicate that in- 
tertemporal grazing impacts to forage produc- 
tion may not be that important after all. Rather, 
our results show that dependence of current pe- 
riod animal performance on stocking rate is the 
key. Further, the model results show that ranch- 
ers have no economic incentive as profit max- 
imizers to overgraze continually. We found, for 
a Colorado study site, with realistic expectations 
of beef prices and production costs, falling an- 
imal performance will set profit-maximizing 
stocking rates well below those levels that will 
severely deteriorate the rangeland resource. 
Similarly, Torell also found current period an- 
imal production impacts to limit the motivation 
to overgraze the range. Thus, like Workman (p. 
52), we conclude that historic overgrazing can 
be blamed on ignorance and overoptimism about 
rangeland carrying capacities, but this overgraz- 
ing occurs in spite of the profit motive not be- 
cause of it. 

Our results, (a) animal performance driving 
the economic stocking rate decision and (b) no 


'0 If warm-season grasses that mature late in the season predom- 
inate the range site, then the uncertainty about forage production 
this year will be an important consideration (Rodriguez and Tay- 
lor}. 
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economic incentive to continually overgraze the 
range, are not universally true. As a counter ex- 
ample, Pope and McBryde developed a dynamic 
stocking rate model for cow/calf producers in 
south Texas. They conclude, “if economically 
viable and ecologically sound range improve- 
ment treatments are available, a range manage- 
ment strategy that systematically overstocks and 
pericdically applies treatments would be more 
profitable” (p. 167). Either result may be valid, 
depending on type of livestock grazed, the cost 
of feasible rangeland improvements, and the 
range site under consideration. 

The idea that animal performance impacts from 
grazing can be the most important consideration 
in stocking rate decisions is a new idea for most 
people. The implications for management and 
research are many. Most important, if dynamic 
impacts of grazing to rangeland productivity are 
small relative to current period production im- 
pacts, this implies the standard economic model 
of optimal input use can satisfactorily be used 
to make nearly optimal stocking rate decisions 
without the more complicated modeling of dy- 
namic interactions. More sophisticated models 
are not always needed. 


[Received February 1990; final revision 
received October 1990.] 
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Testing for Consistent Aggregation 


Robert G. Chambers and Rulon D. Pope 


This paper designs workable empirical procedures for testing or imposing supply 
(demand)-price aggregators. Only single-equation methods are considered to shift the 
focus from any particular optimizing paradigm toward the necessities for correctly 
tabulating firm-level supplies (demands) and aggregate supply (demand). Both macro- 
and micro-level tests for consistent aggregation are developed. And constructive rules 
for aggregation based upon empirically observed micro behavior are provided in tabular 
form. Empirical tests reveal no support for the aggregate price most commonly reported 
by USDA. The constructive rules are then used to develop a new wheat-price index 


consistent with supply aggregation. 


Key words: aggregate demand, aggregate supply, exact aggregation, price indexes. 


A substantial literature has evolved on testing 
for the existence and form of quantity or price 
aggregates (e.g., Weaver, Shumway, Ball, 
Chavas and Cox). These tests generally rely on 
separability restrictions and aggregates are formed 
(horizontally) either across distinct commodities 
(livestock, grains, etc.) or commodity prices. 
Dual tests based on profit, cost, or expenditure 
functions search for the existence of aggregate 
prices, while primal tests search for the exis- 
tence of quantity aggregates. Under suitably 
strong assumptions (weak homothetic separa- 
bility) dual and primal tests are equivalent. 

A closely related body of literature focuses on 
the construction of aggregates (vertically) over 
individual consumers and producers (e.g., 
Muellbauer; Nichols; Gorman 1953, 1968; Sto- 
ker; Jorgenson, Lau, and Stoker; Antle; Cham- 
bers). This literature’s motivation typically is the 
construction of an aggregate income, output, or 
capital index to be used in aggregate demand, 
cost, or profit systems. This approach, usually 
referred to as exact aggregation, is nonpara- 
metric in a Statistical sense because it aggregates 
any income distribution. Typical of the ques- 
tions asked by this approach is: “If per capita 
income is used in aggregate demand functions 
and if aggregate demand is the sum of individ- 
ual demands, what form must the micro and ma- 
cro demands take?” (Gorman 1953). The Gor- 
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man polar form (GPF) is the answer. The almost 
ideal demand system (AIDS), a special case of 
Mueilbauer’s PIGLOG system, also aggregates 
consistently using Muellbauer’s approach to ag- 
gregation. Numerous papers have either tested 
for or assumed exact aggregation using the 
Muellbauer approach (Deaton and Muellbauer; 
Nichols; Jorgenson, Lau, and Stoker; Blanci- 
forti and Green; Eales and Unnevehr; Green and 
Alston). 

Another empirical reality confronting agri- 
cultural economists is that not only incomes but 
prices also typically vary across economic agents. 
Heterogenous or disperse prices, while hard to 
explain in terms of simple neoclassical theory, 
are a fact of life. They can occur because of 
quality, timing, and spatial differences, govern- 
ment programs (e.g., nonrecourse loan rates are 
specified on a county basis), regulations, and 
uncertainty (heterogenous expectations). As just 
one example, empirical analysis consistently re- 
veals that state-level prices of land, labor, and 
outputs are not nearly colinear across states (Ro- 
bison, Lins, and VenKataraman; Gould and 
Saupe). 

All aggregate supply and demand functions 
must inevitably deal with this reality even though 
to some it may contradict the usual predictions 
of perfect competition. The price of wheat, for 
example, can differ across individuals or other 
economic entities because of all of the above 
factors and still be consistent with price-taking 
behavior by wheat growers. To be sure, prices 
of different wheat “qualities” at different points 
in space or time are not entirely independent. 
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But, just as certainly, examination of the data 
and the well-known fact of basis variations re- 
veals that correlations across these different 
qualities are not nearly one. For these reasons, 
U.S. Department of Agriculture (USDA) price 
indexes must (and do) aggregate spatially and 
intertemporally in order to report the U.S. an- 
nual average price of a commodity. Nowhere is 
this more apparent than in the season average 
prices reported in the USDA publication Agri- 
cultural Statistics which weight state prices by 
quantities sold and include allowances for un- 
redeemed loans and government purchases at state 
average loan rates (which, if applicable, are ad- 
ministered and not competitive prices). 

This paper designs workable empirical pro- 
cedures for testing or imposing supply-price ag- 
gregators which capture accurately the infor- 
mation that aggregate analyses are trying to 
uncover. Unlike Deaton and Muellbauer, only 
single-equation problems are studied. This spec- 
ification shifts the focus away from any partic- 
ular optimizing paradigm toward the necessities 
of correctly tabulating firm-level demands and 
supplies. Thus, the approach is robust to various 
optimization paradigms. But the single-equation 
approach is also adopted for two other reasons. 
First, it avoids the negativism associated with 
aggregation of systems (Pope and Chambers). 
Second, most applied work in agricultural eco- 
nomics does not employ systems-type restric- 
tions; therefore, the methods and results here 
should have wide applicability. 

The approach enables researchers to delineate 
the class of supply or demand functions consis- 
tent with the actual aggregate price indexes em- 
ployed. One can then test for consistent aggre- 
gation by testing whether the implied form is 
appropriate. Both macro and micro tests are de- 
veloped. Although some of the analysis is quite 
general, particular attention is paid to the two 
most commonly published producer price in- 
dexes, the simple and weighted averages. 

In what follows, we first motivate the need 
for testing by illustrating the effects of using a 
Cobb-Douglas supply or demand function and 
either of the two most commonly published price 
indexes. The third section generalizes the above 
examples and provides constructive rules for 
consistent aggregation. The fourth section de- 
velops and applies empirical tests for consistent 
aggregation. Significantly, we find no empirical 
support for the state-level technology implied by 
presently calculated U.S. season average wheat 
prices. We propose and calculate an alternative 
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price index which is consistent with aggrega- 
tion. The fifth section concludes. Although for 
illustrative purposes our discussion is solely in 
terms of producer models, the results apply di- 
rectly to the consumer case. 


Common Agricultural Price Aggregation 
and the Cobb-Douglas: An Example 


The most common aggregate prices used by ag- 
ricultural economists are simple averages or 
weighted averages. Prices reported in such fa- 
miliar sources as Agricultural Statistics, Agri- 
cultural Prices, or the Survey of Current Busi- 
ness tend to be measured in this way. For 
example, Agricultural Prices reports commod- 
ity prices received by farmers by states on a 
monthly basis. These prices usually are “esti- 
mates -of average prices received for all of the 
commodity sold during the entire month.” Thus, 
the price-aggregation procedure is simple aver- 
aging. This same publication, as well as Agri- 
cultural Statistics, also reports annual U.S. sea- 
son average prices for many commodities. These 
U.S. season average prices are computed by 
weighting “state season average prices by the 
estimated quantity sold in each state.” Here the 
aggregation procedure is weighted averaging. 
(We refer to this particular weighted average as 
the Laspeyres in what follows.) This section 
briefly considers the implications of using these 
two price aggregation schemes in Cobb-Douglas 
supply-response models. 

Consider the price-aggregation problem: The 
goal is to relate aggregate supply, Y (the sum of 
firm supplies), econometrically to the average 
industry price, P = 1/m Xj, p; (p; is the price 
facing the jth firm) and a vector of input prices, 
w, which are assumed to be constant across all 
firms. 

To do so, the researcher first specifies an ag- 
gregate supply function which we denote by 
G(P, w). Then using data on Y, P, and w, the 
parameters of G are estimated. For many agri- 
cultural applications, G might be chosen as Cobb- 
Douglas, G = AP w “. For notational simplic- 
ity, assume w is a scalar. | 

A basic question is: Is this. procedure consis- 
tent in the sense that G accurately represents the 
sum of firm supplies over all m firms? Differ- 
entiate both sides of the aggregate supply rela- 
tionship (Y = G(P, w)) with respect to p; and 
pj # i) using the definition of Y, G, and P to 
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find that a necessary condition for a positive an- 
SWeT is 


GaP oP 

ôG ðP ðP əY/əp; 

aP ap; ap, 
— if 8p, for alli,j=1,...,m. 
ðy;/ ðP; 


Because P is the simple average, expression (1) 
reduces to 


OP 

0 Oy;/ OD; 

ôP oge DR ee 
oP OY;P; 

Op; 


Supply slopes must be equal for all firms for 
aggregation to be consistent. Because each such 
slope can depend only upon p; and w (firm sup- 
ply depends only on the prices it faces), these 
slopes must be independent of the firm and hence 
depend only on w. Integrating with respect to p; 
yields 


yı = œw) + BOw)p; 


That is, firm-level supplies must be linear in own 
price. Rejection of this form implies that mean 
price cannot consistently aggregate supplies. 
Summing shows that aggregate supply is also 
linear: 


i= ],...,m. 


Y= >) y= > aw) + Bw) >) pi 
i=] 
= a(w) + B(w): mP, 


where Ł;-; a,(w) = a(w). Micro and macro sup- 
plies must satisfy these functional relations if 
consistent aggregation is to be possible. 

Suppose for the moment that micro supplies 
are indeed aggregable and then reveal that G has 
been chosen as Cobb-Douglas so that 


(2) Y = AP*w 7 = a(w) + B(w)mP. 


This implies Aw “P? = B(w)mP and a(w) = 0. 
A regression with this commonly used form must 
tend toward a unit elasticity supply curve as the 
aggregation errors tend toward zero. The aggre- 
gate supply elasticity must be unity! This con- 
clusion can also serve as the. basis for testing 
: exact aggregation with mean price using the ag- 
gregate supply function. This latter equality also 


Ab =? Loses 
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requires that either a(w) = 0 (i = 1, ... , m) 
or that 27, a{w) = 0 with some a; Æ 0. In the 
case that all a,@wv) = 0, micro and macro supply 
elasticities are unity. 

Now, consider the Laspeyres price index 





Again assume that 2%, y; = Y. Ê clearly is a 
function of Y and w. Because the denominator 
of P is Y, it seems clear that the numerator de- 
pends on Y and w. Pope and Chambers have 
shown that the numerator (revenue) of P is nec- 
essarily affine in Y. Thus, 2/2, p;y; = —a(w) + 


B(w)Y with p;y, = —a{w) + Biw)y;. Hence, 
Bes —a(w) + BWY 
Y 
aw) 
Bw) - P 


Only forms satisfying this last equation are can- 
didates for G(P, w). For example, suppose as 
above that G(P, w) is Cobb-Douglas AP'w™®. 
Comparing this with the above then requires B(w) 
=0,A = 1, a = —1. Hence, a Cobb-Douglas 
can be used with the Laspeyres only if aggregate 
supply has a supply elasticity of minus one! Ag- 
gregate and micro revenues are constant. This 
condition forms the basis of a test for consistent 
aggregation with the Cobb-Douglas macro func- 
tion and Laspeyres index. It also raises the pos- 
sibility that the index and functional form may 
unwittingly tend to prescribe empirical work. 


Single-Equation Price Aggregation-General 
Results 


The previous examples are important special 
cases of a more general price aggregation prob- 
lem: Find functions G, P, and H satisfying 


(3) GP, w) 
a H(hi(Pi, w), hP, w), ..3 hml Pm» w)) 
P = PP sss Dm W). 


Here p; remains the price faced by the ith firm, 
and w is the vector of input and output prices 
which are common to all firms. The indexes 
, m) delimit the number of firms 
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whose supplies or demands are aggregated. The 
functions h; are the microeconomic response 
functions (e.g., supplies, demands, profits, or 
costs) to be aggregated. The function H repre- 
sents the rule by which the aggregate quantity 
variable is constructed from these microeco- 
nomic response functions. For example, in both 
examples above, h; is the supply of the ith firm 
and H is the summation operator. The function 
G is the aggregate behavioral function upon which 
analysis is based. In the examples above, G is 
the Cobb-Douglas industry supply function; P is 
the representative price used in the aggregate re- 
lationship. In the first example, P is the average 
price, while in the second it is the weighted av- 
erage. Aggregation schemes which satisfy (3) 
are said to aggregate consistently. 

Attention is restricted to strictly monotonic and 
differentiable H functions and G functions. This 
restriction represents only a slight loss in gen- 
erality because virtually all commonly used 
functional forms satisfy these criteria. This as- 
sumption clarifies the intimate relationship be- 
tween the aggregate price index and the micro- 
economic response functions. 


Result 1. The aggregate price index P, con- 
sistent with (3), can always be expressed as a 
differentiable and monotonic function of the mi- 
croeconomic response functions of the follow- 
ing form: 


(4) P =r P*¥(hi(p1, w), re) An(Pm> w); w). 
P* has partial derivatives 
aP* (aG ~ (aH 
(5) = | — — } and 
‘ah; oP ðh; 


oP* 


-(3) 7 (2°) 

ðw oP aw)” 

where the notation dP*/dw\,, denotes the partial 
derivative of P* with respect to w holding the 
h; functions constant. 

Expressions (4) and (5) are direct conse- 
quences of the implicit function theorem (Cour- 
ant, p. 117) applied to (3). The price-aggrega- 
tion rule, P, inherits structural restrictions placed 
upon H. For example, suppose that the aggre- 
gate economic quantity is firmwise strongly sep- 
arable in the microeconomic response functions. 
This includes the case where aggregate supplies, 
demands, shares, or profits are the sum of their 
micro counterparts. It also includes the case 
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where the log of the sum of the micro entities 
equals the log of the macro entity and so on. 
Functionally, 


(6) H(h,, e ees hm) 


=H (È 8:(h;(Pis w») = H(g). 
i=] 


Applying (4) to (6) gives the price ai 
rule consistent with (6), 


(7) P= P* (> ghi(p;, W); w) = P*(g; w). 


i=] 


Expression (7) is firmwise strongly separable in 
the prices p;. The reader can easily verify that 
expression (4) implies the following result 
(proved formally in Pope and Chambers): 


Result 2. Let N be the set of integers {1, ..., 
m} and let Q = (2, ..., Q,, ..., Q) be a mu- 
tually exclusive and exhaustive partition of N. 
Let Np and 2, be the set of prices, p, and func- 
tions, h, partitioned according to the indexes in 
Q. Then, for H, P, and h, monotonic and twice 
differentiable, with H(h (pi, w) ..., Ann, WD 
= G(P, w), P is strongly (weakly) separable in 
N if and only if H is strongly (weakly) separable 
in Q. 

Thus, one cannot divorce the structure of the 
price aggregate from the structure of the quan- 
tity aggregation rule. Once the researcher picks 
a price aggregate (quantity aggregation rule) the 
quantity aggregation rule (the price aggregate) 
cannot be chosen arbitrarily. Result 2 shows, for 
example, that choosing the price aggregate to be 
mean price (this rule is strongly separable) au- 
tomatically rules out using quantity aggregation 
rules which are not strongly separable. Because 
most aggregation rules used in the construction 
of reported quantity aggregates are strongly sep- 
arable aggregation rules, we consider further the 
practical implication of result 2. 


Constructing Firmwise Strongly Separable 
Aggregates 


To examine the implications of result 2, imag- 
ine that one chooses a price-aggregation rule 


(8) P=P (S kpi, w); w) = P(k; w) 


i=} 


which is firmwise strongly separable in the prices 
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p. (The average price is a special case of (8).] 
Result 2 now implies H must be also firmwise 
strongly separable in the A functions, i.e., it can 
be expressed as (6), to satisfy consistent aggre- 
gation. [Alternatively, by result 2, if one chooses 
a quantity aggregation rule satisfying (6), the 
price aggregation rule must satisfy (8).] Use this 
fact and differentiate both sides of (3) to deter- 
mine in this case that 


es Het e ed 
we — 


Taking ratios gives, after a slight manipulation, 


ak,/ap;  ak,/ap; 
Gee ae for all i and /. 
dg,/op;  9g8,/ dp; 


Expression (9) implies that these ratios must be 
the same for all i and j. By construction, each 
ratio can only depend upon the vector w and the 
price specific to the ith firm. Because they must 
be the same regardless of the firm considered 
(and thus the p,), these ratios can only depend 
upon w-—call this common ratio y(w). Inte- 
grating the differential equations implied by (9) 
gives 


(9) 


GO) ghd p;, w)) = yow)k{p;, w) + vw) 

i= 1,...,m 
and 
h{p:, w) = gr ‘Lyw)ki(p; w) + viw)] 

i= 1,...,m. 


To aggregate consistently, the ith response func- 
tion must be a monotonic transformation of an 
affine transformation of k,(p;, w). 


Limitations on Strongly Separable Aggregates 


Table 1 presents a guide to constructing firm- 
wise strongly separable price indexes and quan- 
tity indexes which are mutually consistent. The 
families of price indexes in the second column 
exhaust the possible alternatives consistent with 
the quantity indexes in the corresponding row 
of the first column. If the researcher chooses a 
price aggregate belonging to the second column 
of that table, the structure of the associated mi- 
cro response functions is predetermined. No- 
tice, in particular, that this relationship does not 
follow from any optimization hypothesis but from 
the arithmetic necessity of having both sides of 
aggregate equations consistent with one an- 
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other. Viokating these principles in empirical work 
is, to use an old saw, “adding apples and or- 
anges.” Just as two apples and two oranges do 
not make “our apples or four oranges, using in- 
consistent aggregation procedures violates the 
simple arichmetic laws upon which aggregation 
is purportedly based. 

The limiting nature of these results can be seen 
clearly by considering using a geometric aver- 
age of firm-level prices as a price index (row 5, 
column 2) to explain industry supply (the sum 
of firm supplies). From table 1, the firm-level 
supply functions consistent with aggregation must 
belong to the family of functions, 


a(w) + Bwe wap; i=1,...,m. 


Why Quantity (Price) Aggregates Inherit 
the Structure of Price (Quantity) 
Aggregates 


When eitker the price or the quantity index is 
specified to be firmwise strongly separable, its 
counterpart in the aggregation scheme inherits 
both this structural property as well as the gen- 
eral functsonal structure imposed. Why is this 
result obtained? The key lies in recognizing that 
the three level sets associated with the aggregate 
response function (G), the aggregate price index 
(P), and the aggregate quantity index (H), re- 
spectively 


{p:P“py, <- -> Pm W) = P} 
{p:H{h (pı, w), s..3 hil Pms w)) fä H} 


have the seme graph in p-space for fixed w. Thus, 
once one specifies the curvature properties of, 
say, the price aggregation rule in p-space, one 
also speciñes the curvature of the level set of 
the quanticy aggregation rule and the aggregate 
response function. Put another way, each of these 
functions when considered as functions of the 
prices ovez which one is aggregating are mono- 
tonic trans-ormations of the others (see result 1). 
Hence, once one of these functions is specified 
(say H), the whole family of possible functions 
available for the two other functions (G and P) 
is known. Because these latter families corre- 
spond to monotonic transformations of the orig- 
inal aggrezation rule specified (there is an in- 
finity of sach possible transformations), there is 
an infinity of possible rules which are consistent 
with aggregation over prices. This is reflected 
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Aggregate Function (H) 


General structure 


a> hi (Po m) 


ies] 


a(S &(w) + BOw)kp;, m) 


j=] 
Specific examples 


> Apiw" 


i=} 


a> cone nı) 
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imi 


(> &(w) + BOw)O(w) inp 
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> (a,p;' + bw!) 


ial 


i=l 


(> &,(w) + Benet) 


in table 1, for example, by the fact that the av- 
erage price equation will aggregate firm-level 
supplies of the general form for any possible H 
function that is monotonic in its argument. 

However, once a specific H function is cho- 
sen, say the sum, then choice of a specific price 
aggregator places direct restrictions on the form 
of the functions to be aggregated. Only special 
classes of h( ) functions can then be consistent 
with both H, P, and the requirement that the 
latter be expressible as a monotonic transfor- 
mation of the former. This is why, once exact 
forms of P and H are specified, we can infer 
exactly the type of supply or demand functions 
Gf any exist) that are consistent with these ag- 
gregators. For example, the Laspeyres price in- 
dex is not generally firmwise strongly separa- 
ble. But H = 27, h; is firmwise strongly 
separable. Thus, if this H is to be used with a 
Laspeyres index, only firm-level supply func- 
tions which make the Laspeyres index firmwise 
strongly separable in the p,’s are consistently ag- 
gregable. Pope and Chambers demonstrate that 
these functions all belong to the family 


a(w) 
B(w) — Pi 
Therefore, consistent aggregation using the Las- 
peyres index requires that supplies be of this mi- 


croform. If this form is rejected by the data, so 
also is consistent aggregation using the index. 


h{p;, w) = 
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The Structure of Price Aggregators and Aggregation Furctions 


Class of Price Aggregators P 


(> (afw) + Bw hip; w)); w) 


pe kíp; w) w) 
i=l 


(> alw) + B(w)A,ptw's; w) 


m 


[I pe =z a5 6(w) In p| 


ita] 


ix=j 


p* (> alw) + BOw)a,p2 + bw)!’ ») 


im] 


m 1/a(w) 
5 co) 


im] 


These ideas are portrayed geometrically in 
figure 1. The level curves for G, P, and H are 
represented by the curve (set) a—b. The mar- 
ginal rate of substitution of the curve is (dP/ 
ðp;)/(ƏP/ðp) or equivalently (oh,/op,)/(ah,/ap)) 
which is nonnegative. In general the marginal 
rate of substitution may rise or fall with increas- 
ing p;. For strongly separable aggregation rules, 


Pi 


SLOPE = -(aP/op)/GP/ep) = (hySp)/Ahydp) 





6 


Figure 1. Level curves and aggregation 
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the marginal rate of substitution is unaffected by 
variations in p, (k # i, J). When P equals av- 
erage price, P, the marginal rate of substitution 
is constant at unity. In the Laspeyres case, P, 
the slope is nonconstant and equal to a,w)(B(w) 
~ pj\-2/a{w)(Bw) — p)”. The marginal rate 
of substitution is diminishing, and hence aggre- 
gate price increases with a mean-preserving 
spread ip the distribution of prices. Contrasting 
P and P we see that mean-preserving changes 
in the p-distribution must have no effect on the 
aggregates if P is used, but mean-preserving 
spreads in, the p-distribution evoke aggregate 
change if P is used. 

Finally, exact knowledge of P, H, and the h 
functions lets one infer G(P, w) because differ- 
entiating (3) gives 


oG ðP 0H ðh; 
(11) a 
; oh; Op; 
If dP /dp; and dH/ah; ðh;/ðp; are known, (11) 
can be solved for 6G/dP, which can, in prin- 
ciple, be integrated to obtain G. 
A simple example illustrates: Suppose that H 
= 7, h; and P is an average price. By table 1, 
the h functions are of the general form 
hpi, w) = aw) + Aw, i= 1,...,m. 
m 


Differentiating the resulting (11) with respect to 
p; for (j # i) implies 


oG 


or that the aggregate response function must be 
linear in the aggregate price. As long as H is 
linear G always inherits the same form as the h; 
-functions. As another example, we have already 
shown above for the Laspeyres price index and 
H linear that 


a(w) 
OPW = 
Bw) — P 
which is to be compared with the associated h; s 
shown above. 


Testing Aggregation Restrictions 


As indicated above, choice of a supply aggre- 
gation rule and a price aggregator conjointly im- 
ply that micro supply equations are restricted to 
certain families of functional forms. For ex- 


Amer. J, Agr. Econ. 


ample, tabe 1 suggests that, if aggregate supply 
equals the sum of firm supplies while the ag- 
gregate price represents the average price across 
firms, then firm-level supply equations must as- 
sume the Gorman polar form: 


(Pi W) = O(w) + BOw)p;. 


So one war to test whether the sum of firm sup- 
plies and she average price aggregate consis- 
tently is to test whether the Gorman polar form 
accurately portrays the variation of the micro- 
economic price and supplies. The Gorman polar 
form is a special case of the general quadratic 
function, 


yp, w) = 8w) + Bw)p; + y(W)p;. 


Because th2 quadratic function provides a sec- 
ond-order flexible approximation of any differ- 
entiable y, w), it has proved a popular rep- 
resentation (Shumway) especially when one is 
interested in testing for the linear special case. 
(The populer translog function, having the Cobb- 
Douglas as the linear special case, can also be 
interpreted as a quadratic function.) Using this 
approach, z statistical test for the validity of the 
linear aggregation hypothesis could be tested 
within the framework of a second-order flexible 
maintained model by testing the restrictions sta- 
tistically, 


i=1,...,m, 


om 
yw) =0 


against the more general quadratic model. 

Our general procedure for testing aggregation 
restrictions follows a similar approach: once a 
specific form is deduced as being required by 
the choice of the aggregate quantity and the ag- 
gregate price, nest that form within a more gen- 
eral form which is at least second-order flexible 
in prices, ard then test the specific model against 
the more general form. To illustrate the proce- 
dure, we consider the conditions required to 
permit aggregation of wheat supplies and wheat 
prices across states using the aggregation rule 
that USDA uses to calculate its season average 
price for wheat as reported in Agricultural Sta- 
tistics. The season average price reported in that 
publication is given by 


50 

5, PiYi 

p= -n 
` Yi 
i=] 


where y; is now wheat supply in state 7 and 





3 
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p; is the estimated average price of wheat in 
state i. 

A number of supply aggregates could be cho- 
sen to be combined with P, but one that is par- 
ticularly attractive is the implicit supply aggre- 
gate (Y) defined by Fisher’s product test: 

50 
YP = >) poi 
i=] 
Of course, this quantity aggregate is just the sum 
of state supplies so that 


50 
Y= ` Yi 
j=] 


As noted above, Pope and Chambers have shown 
that the only family of supply functions consis- 
tent with this form is 


i 


i 

B- pi 

To apply our procedure, we first rewrite this 
equation in the equivalent implicit form 


(12) y(B-p)=a (= 1,...,m). 


Because it has only two parameters, this equa- 
tion is at most first-order flexible in prices. 
However, in a manner analogous to the discus- 
sion of the Gorman polar form, we note this form 
is a special case of the second-order flexible form: 


(13) y(B; — pad + yi (Bi — pi) = Qi 


i= (1,. 


(ü =1,..., m). 


.., Mm). 


Because this form has three parameters (a,, Y; 
B), it is potentially second-order differential 
flexible. 

Within this maintained model, a test for the 
aggregation restrictions then becomes a test of 
the linear parametric restrictions, 


(14) B; = B 
¥; = 0 


i=1,...,m 


i= 1,...,m. 


To execute this test, we employed a data set 
consisting of observations on wheat supply and 
wheat price for one state from each of the four 
main production regions in the United States for 
the period 1958-87. The states were Washing- 
ton, Oklahoma, South Dakota, and Pennsylva- 
nia. We proceeded as follows: first, we fit the 
general form of the implicit supply equation to 
the data; second, we tested whether the form 


(15) yABi — Pi) = Q; 


i.e., y; = 0, represented an acceptable expla- 
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nation of the price and quantity covariation in 
the model; and we then tested whether within 
this latter model the aggregable form (12) rep- 
resented an acceptable restriction of the data. A 
direct test of the acceptability of this last version 
of the model against the most general version 
was also conducted. 

The statistical model appended an additive er- 
ror to the implicit supply equation represented 
above. The error term was assumed to have mean 
zero and be intertemporally independently dis- 
tributed but with contemporaneous correlation 
across states. The estimation procedure was sys- 
tems maximum likelihood and the results are re- 
ported in table 2. We first determine whether 
the aggregation restrictions represent a reason- 
able depiction of the sample data. When these 
seven restrictions are imposed upon the model 
(B: = B, y; = 0 for all i), the log of the likeli- 
hood function decreased from —529.5148 to 
—553.1016. Using an asymptotic chi-square test 
would lead to the rejection of the null hypoth- 
esis of the aggregation restrictions at all reason- 
able levels of confidence. 

It is interesting to note, however, that the fail- 
ure to accept the aggregation restrictions ap- 
pears to emerge from the fact that the form 


y(Bi — Pd) = ai 
is a Statistically inferior representation of the 
covariation in the data than the more general 
quadratic form. When this latter model is treated 
as the maintained model, one cannot reject the 
null hypothesis that B = B{i = 1, ..., m). 
These statistical results suggest that 


Y= > y; and 
i=1 

> YiPi 

i=l 


Ds) 


i=} 


P = 





represent unacceptable supply aggregates for the 
current data. However, it is now possible to use 
the results contained in table 1 to construct al- 
ternative aggregates which are more consistent 
with the data. Suppose, for example, that we 
decide to retain Y = 2,y, as the supply aggre- 
gate. Table 1 and the results reported in table 2 
then indicate that the aggregate price must be- 
long to the general family 


p= p> ™% + 5(— — YB: — p): w). 


i=] Bi — Pi 
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Table 2. Laspeyres Aggregation of Washington, Oklahoma, South Dakota, and Pennsyl- 
vania Wheat Production 





Unconstrained Coastrained l Constrained 
Parameter Estimates? Es-imates? Estimates“ 
25.38 16.19 —32.89 
&, (28.51) (29.53) (24.83) 
-32.55 30.08 —26.86 
a, (26.41) (33.48) (27.61) 
7.95 4.59 —5.44 
a, (14.14) (12.17) (10.82) 
—4.74 —8.98 2.50 
a, (1.86) (2.60) (2.21) 
30.85 
Vw (6.39) 
59.45 
Vo (9.46) 
10.23 
Ys (5.07) 
1.72 
» (0.34) 
2.66 2.91 2.46 
By (0.13) (0.19) (0.09) 
1.93 2.89 2.46 
Bo (0.16) (0.19) (0.09) 
2.53 2.65 2.46 
B, (0.14) (0.14) (0.09) 
1.58 1.45 2.46 
B, (0.12) (0.19) (0.09) 
Log likelihood -529.51 — 542.48 —553.10 


2 These are estimates of (13), where subscripts denote Washington, Oklahoma, Soutk Dakota, and Pennsylvania, respectively. Standard 
errors are reported below each coefficient. 

> Constrained estimates are estimates of (15). 

° Estimates of (12); that is, all of the restrictions in (14) are imposed on (13). 
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Figure 2. Two wheat price indexes 
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For the sake of concreteness, take 7; = 0 (i = 
1, ..., m), 6 = 1, and P* to be the exponential 
function. Figure 2 presents a graphical depiction 
of this aggregate price for the four sample states 
and compares it with the similarly computed 
Laspeyres index. 

The preceding test has supposed that micro- 
economic data were available to test the aggre- 
gation hypothesis. Unfortunately, the empirical 
reality is that researchers frequently have only 
aggregate data with which to work. If that is the 
case, then the aggregation restrictions must be 
tested at the aggregate level. In an earlier sec- 
tion, we have shown that if the above price and 
quantity aggregates are used, then the aggregate 
supply relation must assume the same general 
form as the micro supply equations, 1.e., 


A a(w) 
ai 





Therefore, a test for the aggregation restriction 
using aggregate data can be constructed along 
similar lines to those above, i.e., test this form 
(in implicit form) against the more general form, 


(16) Y(B-P)+ y: (B-P? = alw). 


Estimated versions of the aggregate model are 
presented in table 3. Estimates were obtained by 
the same procedure used for the micro forms. 
The aggregation restriction is that y = 0. Be- 
cause we now proceed as if no data are available 
on supply-price covariation at the microeco- 
nomic level, the aggregation test reduces to test- 
ing for the validity of the aggregate form versus 
(16). But because the asymptotic t-statistic on 
the estimate of y exceeds 5, the hypothesis of 
agegregability is rejected at this level as well. Both 
macro and micro tests result in the same con- 
clusion. The data are inconsistent with aggre- 
gation using the Laspeyres form. 


Table 3. Laspeyres Aggregation—The Ag- 
gregate Equation 


Unconstrained Constrained 
Parameter Estimates’ Estimates” 
—117.20 949.41 
a (56.44) (181.56) 
126.74 
y (22.91) 
1.15 5.74 
B (0.34) (0.57) 
Log likelihood —181.32 —203.75 


* This column contains estimates of (16). 
? Column 3 contains estimates of (16) with y constrained at zero. 
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Although this data set has led to the rejection 
of the Laspeyres aggregation hypothesis, it is 
clear that an acceptance of the aggregation hy- 
pothesis using aggregate data would have en- 
abled us to identify a representation of the micro 
supplies consistent with the aggregate data. By 
the above, if aggregation had been accepted, then 


2 Diy; = alw) + B(w) ` Yi» 
i=] i=1 


so that one representation of each y;(p;, w) con- 
sistent with the data would be 


a(w)/m 


YPis w) = Bayes 


Conclusion 


Aggregation across commodity groups has re- 
ceived considerable attention in agricultural 
economics. Such attention has focused in large 
part on testing for separable commodity groups 
in input, output, or price space and attempting 
to discover the nature of the aggregate index. 

Similar in spirit (but not form) is the analysis 
of aggregate price indexes where aggregation is 
across economic entities. Because this form of 
aggregation is widespread, the practical impli- 
cations of methods for more accurate measure- 
ment are large. 

We have considered the implications of ag- 
gregation on aggregate response and the form of 
ageregate indexes. We have shown that exact 
ageregation imposes a definite structure on sup- 
plies, demands, or profits. In particular, com- 
monly used price indexes imply specific fami- 
lies of responses with direct implications for 
elasticity measurement. These implications can 
be used to construct tests for exact aggregation. 

By way of an empirical inquiry on wheat sup- 
ply, the most commonly used and reported in- 
dex of aggregate price was not supported by ex- 
act aggregation. Based upon these findings, we 
proposed, calculated, and reported one of many 
possible empirically based indexes which are 
consistent with the supply-price covariation in 
the data. The testing procedures presented here 
can be used directly to aid in the discovery of 
simple but empirically relevant aggregates for 
all agricultural price series. 


[Received February 1989; final revision 
received September 1990.] 
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On Nonlinear Dynamics: The Case 


of the Pork Cycle 


Jean-Paul Chavas and Matthew T. Holt 


New methods for analyzing nonlinear dynamic processes are used to evaluate the hog- 
com price ratio. The results present evidence of nonlinear dynamics in the pork cycle. 
Moreover, while GARCH processes account for some of the nonlinearities, the pork 
cycle is apparently characterized by more complex dynamic forms. The empirical 
analysis provides some evidence of the presence of chaos in the pork cycle. The results 
also indicate that the dynamic process generating the pork cycle is nonlinear and cannot 
be adequately characterized by a small number of state variables. 


Key words: business cycle, chaos, GARCH, nonlinear dynamics. 


The pork market has been viewed by econo- 
mists as a clear example of a business cycle. 
Beginning with Coase and Fowler, an extensive 
body of research has focused on identifying the 
source and nature of the pork cycle (e.g., Brei- 
myer, Larson, Jelavich, Jameson). For exam- 
ple, Harlow proposed to explain a four-year hog 
cycle in the context of the cobweb theorem and 
a delayed supply response to market price. Us- 
ing harmonic analysis, Talpaz argued that hog 
prices follow several different cycles, each with 
a different period and magnitude. Using linear 
time-series models, Wallis, Shonkwiler and 
Spreen, Bessler and Kling, and Kaylen pre- 
sented empirical evidence on the existence and 
nature of the pork cycle. Although the results 
often vary according to the period analyzed and/ 
or the methodology used, the existence of a pork 
cycle has been strongly supported by the em- 
pirical evidence. 

In many respects, the continuing presence of 
any price cycle is disturbing for economists. If 
a predictable price cycle exists, then producers 
responding in a countercyclical fashion could earn 
larger than “normal” profits over time (Hayes 
and Schmitz). Such profits could occur even with 
lags in the production process because predict- 
able price movements would still influence pro- 
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duction decisions. Eventually, countercyclical 
production response would smooth out price 
fluctuations at the market level, causing the cycle 
to disappear. 

The implication is that predictable price cycles 
are incompatible with rational producer behav- 
ior. Hence, the continuance of a business cycle 
could imply that producers are not behaving ra- 
tionally and are ignoring important information. 
The assumption of naive producer behavior, while 
dating back to Ezekiel and others, still is a basic 
premise in much of the literature on livestock 
supply response. 

An alternative explanation for the existence of 
a business cycle is that the cycle itself is not 
perfectly predictable. The law of motion under- 
lying the business cycle may be a deterministic 
nonlinear relationship that generates unpredict- 
able patterns (e.g., Grandmont and Malgrange). 
In recent years, examples of nonlinear, deter- 
ministic dynamic systems that produce seem- 
ingly random behavior have been reported in both 
the physical and social sciences (May, Grand- 
mont and Malgrange). Such systems, usually 
called “chaotic,” are necessarily associated with 
nonlinear dynamics (Hao, Baumol and Benha- 
bib). 

Until recently, economists have not consid- 
ered that unpredictable patterns could result from 
deterministic, nonlinear dynamics. Recent work 
by Day; Brock; Scheinkman and LeBaron; Brock 
and Sayers; Frank, Genzay, and Stengos and 
others has, however, begun to examine the 
prospect that observed economic events could 
result from deterministic chaos. This research 
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has resulted in a set of tools and statistical tests 
useful for investigating deterministic nonlinear 
dynamics in economic analysis. 

The objective of this paper is to consider 
whether a particular business cycle, the pork 
cycle, may be characterized by a deterministic 
nonlinear dynamic process, and hence may not 
be fully predictable. In so doing, we present some 
of the analytical tools currently available for 
nonlinear dynamic analysis and illustrate their 
application to the pork cycle. In the next section 
deterministic nonlinear dynamic systems are 
briefly reviewed. Methods for detecting nonlin- 
ear dynamics in economic data are discussed; 
and the dynamics of the hog-corn price ratio in 
the United States is investigated. 


Nonlinear Dynamics 


The focal point of most dynamic analysis is a 
system of difference equations which dictate how 
a vector of state variables, y,, evolves over time, 
t In general form, a system of n first-order dif- 
ference equations can be written as 


(1) Yor = FO; 


where y, is an n-vector of state variables and the 
function f consists of n separate linear or non- 
linear component functions. The system of first- 
order difference equations in (1) provides a basis 
for analyzing any discrete-time dynamic system; 
any system of second- or higher-order differ- 
ence equations can always be reformulated as an 
equivalent first-order system (Luenberger, p. 96). 


Linear State Equations 


The properties of the state equations (1) are best 
understood in the context of linear models where 
f(y) = Ay, and A is an (n X n) matrix. In this 
situation, an analytical solution to the time path 
of the state variables can be obtained (Chow). 
It is well known that linear models result in state 
trajectories that can exhibit several types of be- 
havior: trajectories that converge to a steady state, 
trajectories that become arbitrarily large over 
time, or periodic trajectories that oscillate or 
cycle. 


! The discussion is limited to discrete-time dynamic systems. 
Similar results could be obtained for continuous-time systems. In 
this case, the dynamic equations (1) would take the form of first- 
order differential equations instead of difference equations. 
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For linear systems, the type of behavior can 
be deduced from the characteristic roots of the 
system matrix, A. Complex roots imply oscil- 
lations and cyclical patterns (e.g., Luenberger, 
p. 158). Tre system will also be stable (unsta- 
ble) whenever the modulus of the dominant 
characteristi> root is less than (greater than) one. 

Because linear models exhibit well-known 
analytical properties and are empirically tracta- 
ble, they have been used extensively to inves- 
tigate dynamic behavior in economics. Indeed, 
time-series analysis and the analysis of distrib- 
uted lags in econometrics have mostly used lin- 
ear models. Also, most studies of pork market 
dynamics have used linear models (e.g., Wallis, 
Shonkwiler and Spreen, Bessler and Kling, 
Kaylen). 

Linear models can provide useful insights into 
the dynamic properties of economic systems. But, 
are economic models always best characterized 


. with linear state equations? Many economists 


would agree that dynamic relationships in eco- 
nomics are often fundamentally nonlinear, but 
that linear systems provide a useful “first-order” 
approximation to the true (but unknown) laws 
of motion, This argument is consistent with the 
methods frequently used to analyze the stability 
of nonlinear systems. That is, according to Lya- 
punov’s first method, any system of nonlinear 
differentiab.e state equations can be linearized 
at a point (Luenberger, p. 324). The analytical 
results for inferring “global” stability in linear 
systems car. then be used to infer “local” sta- 
bility in ncnlinear systems.” Several implica- 
tions of using linear systems to approximate 
nonlinear systems are discussed below. 


Nonlinear State Equations 


By comparison, relatively little research has fo- 
cused on nonlinear dynamics in economics. Un- 
like linear models, tractable methods for solving 
and analyzing nonlinear systems are not gener- 
ally available. When analyzing nonlinear models, 
it is often necessary to obtain results numeri- 
cally. Consequently, recent progress in com- 
puter technology has created new opportunities 
for investigating the dynamic properties of non- 
linear state 2quations. 

Quantitative predictions can differ between 


2 The term local is used when evaluating the stability of nonlinear 
systems because. the results hold only in some neighborhood of the 
point of approximation. 


Chavas and Holt 


systems of linear and nonlinear state equations. 
“Approximation errors” are introduced if a lin- 
earized model is used to represent a nonlinear 
system. Such considerations arise in policy 
analysis or in forecasting when dynamic simu- 
lations are used to predict values for the state 
variables that are well beyond the observed range 
of the data. 

Moreover, nonlinear state equations can ex- 
hibit dynamic behavior that is qualitatively dif- 
ferent from that of linear state equations. Non- 
linear state equations can exhibit dynamic patterns 
that cannot, under any circumstances, be gen- 
erated or reproduced by a system of linear state 
equations. These new and different patterns have 
been grouped in the literature under the general 
term “chaos.” 

In the early 1960s, Lorenz first identified cha- 
Otic patterns in the context of a dynamic weather 
model. He discovered that a deterministic sys- 
tem of three differential equations could gen- 
erate nonperiodic but bounded solutions. In 1975, 
Li and Yorke introduced the term “chaos” to 
denote the apparently random output of certain 
nonlinear dynamic systems. In 1976, May cited 
the complicated dynamics generated by simple 
population models. Over the last fifteen years, 
there has been growing interest across disci- 
plines (e.g., physics, climatology, ecology, 
economics) in nonlinear deterministic models and 
the highly irregular trajectories they can gener- 
ate. 

The word “chaos” refers to “unpredictability” 
in completely deterministic dynamic systems. 
The concept is at odds with the more traditional 
view that accurate predictions are always pos- 
sible from a deterministic model. Chaos means, 
for example, that apparently random fluctua- 
tions in some state variables are not necessarily 
associated with a stochastic process or with er- 
rors in measuring the model’s parameters (e.g., 
Brock). The potential for chaos warns us of the 
dangers of extrapolation and of the difficulties 
of economic forecasting. It also suggests a need 
for a careful reevaluation of the traditional way 
of thinking about stochasticity in modeling. Fi- 
nally, chaos should not be equated with disor- 
der. Rather, chaos is considered a kind of order 
without periodicity. 

Unfortunately, few analytical results are 
available for characterizing the potential for, and 
nature of, chaos associated with a general sys- 
tem of state equations as in (1). Most analytical 
results have been obtained using particular spec- 
ifications of (1) (e.g., Hao). Apparently, non- 
linearities can appear in so many ways that it is 
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difficult to develop a general criterion or clas- 
sification scheme for characterizing chaos. 
Nonetheless, chaos occurs in a variety of non- 
linear dynamic models that are often relevant in 
explaining a fairly wide class of observable events 
(Hao). 


Deterministic Chaos, an Example 


The above discussion suggests that chaos is best 
illustrated in the context of specific models. One 
useful example is given by the deterministic state 
equation 


(2) Yi = ay{1 p Yo» 


where y, is a scalar and æ« is a positive “tuning” 
parameter. Equation (2) is the logistic difference 
equation discussed by May. It is one of the sim- 
plest nonlinear state equations possible: it is a 
first-order quadratic difference equation with a 
single state variable. However, as shown by May, 
this simple deterministic state equation can gen- 
erate complex dynamics. The time path of y, in 
(2) is determined completely by the parameter 
a and by the initial condition, yọ. The logistic 
equation (2) is unstable for any Yọ < O or yo > 
1. We focus on the case where 0 < y, < I and 
O< a< 4. In these intervals, the dynamic prop- 
erties of (2) depend entirely on the value of the 
tuning parameter, a. 

For 0 < a < 3, model (2) is stable and con- 
verges to a unique steady state for any initial 
condition yp, O < yp < 1. For 3 < a < 3.5699, 
the logistic equation exhibits cyclical patterns. 
For any initial condition, 0 < yọ < 1, the state 
variable converges on stable cycles of period 2”, 
where n is an integer that depends on a. For 
example, if 3 < a < 3.4495, then n = I and 
the model would exhibit a two-period cycle. As 
a increases from 3.4495 to 3.5699, n takes on 
successively the values of 2, 3, 4, ..., each value 
corresponding to a stable cycle of period 4, 8, 
16, ... (see May). In other words, as @ in- 
creases from 3 to 3.5699, first there is one sta- 
ble two-period cycle; then a four-period cycle 
emerges; then an eight-period cycle appears, and 
so on, ad infinitum. Given 0 < a < 3.5699, 
model (2), therefore, exhibits either stable or 
cyclical patterns in the interval 0 < y, < 1. That 
is, the state variable y, would eventually con- 
verge to its “attractor”: the point or set of points 
(e.g., limit cycle) describing the stable equilib- 
rium of the system. Such predictable patterns 
can be found in linear models and are not spe- 
cific to nonlinear models. 
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The dynamic properties of (2) are of partic- 
ular interest, however, when 3.5699 < a < 4. 
In this region, model (2) exhibits “chaotic” be- 
havior. Chaos implies that “small” changes in 
the initial condition, yp, can give rise to time 
paths that eventually diverge. Such divergence 
has been called “sensitive dependence to initial 
conditions” and is illustrated numerically by 
Baumol and Benhabib (pp. 93-95) for the lo- 
gistic equation (2). Sensitivity to initial condi- 
tions shows that long-term predictions from a 
chaotic system are virtually impossible. This is 
the point first made by Lorenz, who argued that 
weather patterns are deterministic but chaotic, 
implying the impossibility of accurate long-term 
weather predictions.” 

The divergence of neighboring paths does not 
preciude the convergence of the state variables 
to a bounded set of points. This bounded set of 
points is called a “chaotic attractor.” More spe- 
cifically, a chaotic attractor is an uncountable 
set of points attracting all paths starting within 
the neighborhood of the set, where such paths 
are aperiodic. Aperiodicity here means the ex- 
istence of an infinite number of different peri- 
odic cycles that never repeat themselves. Thus, 
under chaos, an uncountable number of initial 
points yọ gives totally aperiodic (although 
bounded) trajectories. 

One implication of nonlinear dynamics is that 
a chaotic deterministic system can generate a time 
series that appears completely random. This, in 
turn, raises the issue of distinguishing between 
a random process and a chaotic deterministic 
process.* For example, standard statistical tests 
relying on the spectrum or on the autocovari- 


. ance function may suggest that a chaotic trajec- 


tory is indistinguishable from a trajectory gen- 
erated by a “white noise” stochastic process 
(Brock and Sayers). In this case, standard tests 
for “randomness” could not discriminate be- 
tween a stochastic explanation and a determin- 
istically chaotic explanation of a time series. This 
indicates an important weakness of the tradi- 
tional linear statistical approach to time-series 


3 Using his simple three-equation nonlinear deterministic model, 
Lorenz discovered that long-term simulations were extremely sen- 
Sitive to the initial conditions, thus implying the unpredictability of 
long-term weather patterns. 

* To the extent that random variables are used to represent part 
of the real world we do not understand well, the issue may not be 
to chocse between a random versus a deterministic explanation of 
observeble phenomena. Rather, the motivation should be to obtain 
better explanations for the seemingly “unpredictable” events that 
often occur in the real world. Chaotic models may help improve 
understanding of certain phenomena beyond that which is possible 


` for stochastic models. 
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analysis. It also suggests a need for different 
methods in the analysis of nonlinear dynamic 
processes. 


Tools for Nonlinear Dynamic Analysis 


Nonlinear dynamic analysis is fairly new; it has 
received serious attention in the scientific com- 
munity only during the last fifteen years. Con- 
sequently, the analytical tools for investigating 
nonlinear dynamic systems are still being de- 
veloped. In this section, we briefly review some 
of the tools currently available and discuss their 
potential for empirical analysis. 

Consider a univariate time-series of length 7, 
represented by the scalar x, We wish to inves- 
tigate the nonlinear dynamics of x,, where 


(3a) x; = h(y); 
(3b) Yr+1 = f(y), C= l, 2; tees T. 


Here, Ga) is the observer equation, (3b) is the 
equation of motion, and y, is an (n X L) vector 
of state variables characterizing the dynamics of 
x, Assume that the x,’s are observed but the state 
variables y, are not. The problem then is how to 
use observations on the x.’s to investigate the 
underlying dynamic structure of the state vari- 
ables. We assume that the functions A(.) and 
f(.) in (3) are differentiable and that the process 
Yı = f(y) possesses an unique attractor. Three 
questions related to the equation of motion (3b) 
are of interest: (a) how can one tell whether the 
dynamic properties of x, are chaotic? (b) how 


‘can one uncover the dimension, n, of the state 


vector v, that underlies the dynamic properties 
of x,? And (c) how can one test for the existence 
of nonlinearities? Each issue is addressed in turn. 


Identifying Chaos 


_Chaos is associated with the local divergence of 


neighboring paths in the attractor. Given this lo- 
cal property, consider the linearized version of 
model (1) around some resting point, y: 


Yar = F — ACY F + Ap 


where A(y) = of /dy(¥). In principle, the mod- 
ulus of the characteristic roots of A(¥) could be 
averaged over a trajectory to obtain a set of global 
measures.” Such measures are called “Lyapu- 


$ The characteristic roots of A(j) determine the local stability of 
the state equation (1). The system is locally stable (unstable) if the 
modulus of the dominant root of AÇF) is less than (greater than) 
one. 
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nov exponents”: they are generalizations of the . 


- modulus of characteristic roots along general 
forward trajectories. In the case of a single state 
system, n = 1, A(¥) is a scalar, and there is only 
one Lyapunov exponent defined as 


_1< 
A= lim 7s In(lA(y,))). 


From the above discussion, A > O corre- 
sponds to chaotic trajectories (|A(.)| > 1 iden- 
tifying local divergence) while A < 0 corre- 
sponds to nonchaotic trajectories ({A(.)| < 1 
identifying local stability). In the general case 
of n state variables, there exist n Lyapunov ex- 
ponents, A,, Àz, ..., A,-° Supposing that A, = 
A, =... Z A,, then A, denotes the largest Lya- 
punov exponent. For inferring chaos, it follows 
then that a positive largest exponent, A, > 0, 
corresponds to chaotic trajectories, while A, < 
0 corresponds to nonchaotic trajectories. Thus, 
an empirical estimate of the largest Lyapunov 
exponent A, will provide a measure of the ex- 
istence of chaos in dynamic analysis. 

Wolf et al. proposed a numerical algorithm 
for calculating the Lyapunov exponents of a time 
‘series. While the statistical properties of their 
estimator are not yet known, the Wolf et al. es- 


(6) 


->00 
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is given in part by Takens’ theorem, which states 
that the dynamics of m-histories x is equivalent 
to the dynamics of y over its attractor when 
m = 2n + 1 (Takens). This indicates that the 
smallest unit useful for dynamic analysis is given 
by x; in (4) with m = 2n + 1. 

Second, if the unobserved state equation (1) 
is identifiable, one way to measure the “dimen- 
sion” of the attractor of y, is to use the gener- 
alized definition of dimension proposed by 
Hausdorff. (See Grassberger and Procaccia for 
details.) In general, the Hausdorff dimension D 
of the attractor of y, is at most equal to n, the 
dimension of the state vector y,. However, the 
Hausdorff dimension D of a chaotic attractor 
could be a non-integer and smaller than n. An 
often cited example of a non-integer dimension 
(also called fractal dimension) is the Cantor set 
which has dimension D = .6309.’ 

Although the Hausdorff dimension D has re- 
ceived much attention in the literature, it is dif- 
ficult to compute empirically. Consequently, 
Grassberger and Procaccia (GP) proposed the 
“GP correlation dimension” æ as an alternative 
measure 


(5) a = lim In (C,,(€)}/In (€), 
€->0 


where 


C,,(€) = lim {number of pairs (i, j) whose distance, 


lg — x], is less than e, i # j}/(T* — T). 


timator of A, does provide a basis for detecting 
the presence of chaos in a given time Series. 


The Dimension of the Attractor 


Noting from (3) that y2 = f(f(y)) = f(y) and 
Yar =F OD) = f O), k= 1, 2, ..., con- 
sider the m-history 


(4) xr = (Xes Xett +- eo Mem 
= (h(y), AO), <- AEO 
= mY)» 


where J,,(y,) is a mapping from R” to R”. Be- 
cause x, is observed but y, is not, the first ques- 
tion addresses the minimum number of obser- 
vations on x, that are needed to recover the 
unobserved state equations in (3). The answer 


é See Benettin, Galgani, and Strelcyn for a general definition of 
Lyapunov exponents and for a proof of their existence. 


Grassberger and Procaccia show that the GP 
correlation dimension & is a lower bound esti- 
mate of the Hausdorff dimension, where a =. 
D. They also argue that, in most cases, a = D, 
implying that a can provide a useful measure of 
the underlying structure of the attractor of y,. 
The empirical estimation of the GP correlation 
dimension is also computationally convenient and 
has several nice properties (Brock). Even though 
the statistical properties of this estimator are un- 
known at this time, the GP measure a is a useful 
method for identifying the minimum number of 
state variables needed in the dynamic analysis 
of a time series. 


7 To see this, consider a Cantor set on the interval (0, 1) obtained 
by deleting the central 1/3, i.e., the interval (1/3, 2/3). Then re- 
peat this operation with respect to the remaining segments an in- 
finite number of times. In this case, increasing the linear size of 
the interval (0, 1/3) by a factor of 3 yields 2 copies of the same 
object. The resulting dimension is D = In 2/In 3 = .6309. This 
indicates that the volume of a Cantor set increases by 63.09% given 
a doubling of each of its spatial dimensions. i 
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A Whiteness Diagnostic Test 


As discussed in the second section, traditional 
statistical tests may not distinguish between a 
random process and a deterministic chaotic pro- 
cess. However, Brock proposed a statistical test 
(the BDS test) to empirically analyze this dis- 
tinction. The BDS test statistic is 


(7) W = T {Cn — (C)"]/bm: 


where C, and C,, are given in (6) and b,„ is the 
asymptotic variance of [C,, — (C,)"]T'” (see 
Brock). Under the null hypothesis that x, is an 
independent identically distributed (white noise) 
random variable, as T — œ, the W statistic in 
(7) converges to a standard normal variable with 
mean zero and variance one. Thus, the BDS test 
provides a statistical foundation for obtaining 
evidence against the null hypothesis that x, is a 
white noise random process. Given the inability 
of more traditional statistical tests to distinguish 
between white noise and a deterministic but 
chaotic process, the BDS test can help uncover 
evidence of nonlinear dynamics. In particular, 
it can help detect misspecifications from using 
a linear model fit to nonlinear data. 


The Residual Test Theorem 


The results just discussed can be applied to any 
observable time-series x, satisfying some weak 
regularity conditions. In applied work, the time 
series x, is often assumed to follow a linear pro- 
cess that can be represented by an AR(q) model 
of the form: 


~ (8) Bo + BL)x, = e, 


where BIL) = BL +`... + BL’, L is a lag 
operator such that L’x, = x,_,, Bo is an intercept, 
and e, is an innovation with mean zero and finite 
variance, h,. Of particular interest here is Brock’s 
theorem on the dynamic properties of the resid- 
ual e, in (8). Brock’s residual test theorem states 
that, given a set of regularity conditions, the GP 
correlation dimension and the largest Lyapunov 
exponent of x, and e, are the same. This result 
suggests that the tools for analyzing nonlinear 
dynamics can be applied to the original data x, 
as well as to the innovations e, associated with 
standard time-series models. This attractive 
characteristic increases the range of applications 
of the results discussed earlier. An empirical il- 
lustration of these tests and procedures is pre- 
sented next. 
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An Appli-ation to the Pork Cycle 


Here we investigate the nature of the U.S. pork 
cycle by analyzing the dynamics of the hog—corn 
price ratic. Quarterly observations on the U.S. 
hog—corn price ratio were obtained from various 
issues of Livestock and Meat Statistics for the 
period 1910—84. We first consider a typical lin- 
ear time-series model where x,, the hog-corn price 
ratio at time f, is assumed to follow an AR(q) 
process as in (8), where e, is normally distrib- 
uted with mean zero and variance h,. The order 
g of the AR process (8) was evaluated using 
Akaike’s information criterion. 

Equation (8) was estimated by the maximum 
likelihood method under two specifications: first, 
assuming hat e, is a homoscedastic white noise 
process wnere h, = h, a scalar; and second, as- 
suming that e, follows a GARCH(1, 1) process 
where h, = ay + aye7., + @h,_, (Bollersiev).” 
The Akaike criterion was minimized at q = 20. 
Table 1 presents the parameter estimates for an 
AR(20) (where-, = h), and for an AR(20) with 
a GARCH(1, 1) error process. The estimates of 
B(L) are similar in both instances. However, us- 
ing a like.ihood ratio test, the null hypothesis 
that a; = a, = O is rejected at the 5% level. 
Thus, statistical evidence indicates that the error 
term e, is not homoscedastic and that its vari- 
ance h, is changing over time. 

Following Luenberger (p. 96), the expected 
value of (3) can be expressed as an equivalent 
system of first-order difference equations: X, = 
HX,_,. Th2 characteristic roots of the compan- 
ion matrix, H, provide useful information about 
the dynamics of the estimated model (8). De- 
tails abou: the characteristic roots for both the 
estimated AR(20) and the AR(20)-GARCH(1, 
1) models are presented in table 2. The results 
in table 2 indicate that both estimated models 
are dynamtically stable and have cycles with pe- 
riods rang-ng from one to five years. These re- 
sults are consistent with previous research on 
cycles in the pork market (e.g., Wallis, Bessler 
and Kling Kaylen). Moreover, the presence of 
multiple cvcles is also consistent with the results 
obtained Ey Talpaz. 

To check the validity of the estimated ver- 
sions of model (8), several standard tests were 
performed. on the estimated residuals, e,. The 
Box-Pierce test examines the estimated resid- 


? GARCH sands for “generalized autoregressive conditional het- 
eroscedasticity” 
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Table 1. Parameter Estimates for the AR(20) and AR(20)-GARCH(A, 1) Models 
AR(20) AR(20)-GARCH(1, 1) 
Standard Standard 
Coefficient Error Coefficient Error 
Intercept .5909 .0528 .4874 5439 
Bı 1.1046*** .0613 1.1032*** .0667 
Bo = S042 .0915 — .3446*** .0969 
B3 .0501 .0936 .0806 .0966 
Bs ~ 0152 .0931 — .0844 .0920 
Bs — 2339+ +*+ .0931 —.1942** 0898 
Bs .1506 .0938 .1437* 0915 
B: . .0629 .0942 .0562 .0934 
Bs — 0083 .0941 .0246 .0936 
Bs — , 1804** .0933 = 2 105%% .0922 
Bio .1573* .0940 .1500* .0960 
Bu — 0639 .0940 — .0437 .0910 
Br .1959** .0936 .1734** .0940 
Bus ~ 1131 .0944 — .0824 .0938 
Bis ~ ,0549 .0948 —.0691 .0918 
Bis ,1898** .0945 .1829** .0916 
i -0568 .0944 .0603 .0903 
By —,1850** .0943 an eT .0893 
Bis .2040** 0951 .2038** .0907 
19 = ,.2021** .0938 —,1725** .0879 
20 .2043*** 0642 .1714*** .0612 
GARCH, ay 2.5088*** .Q555 4016 .3156 
GARCH, a; .1065* 0709 
GARCH, a, T3180 1652 
Log likelihood —264 .482 ~260.711 
R? = .844 R? = 9287 


Note: Asterisks indicate significance levels: *** = 1%, ** = 5%, * 


= 10%. 


a The R? for the AR(20)-GARCHU1, 1) model was computed using the standardized residuals. 


uals for white noise.” The white noise test pro- 
posed by Ljung and Box is a modification of the 
first test.'° Last, McLeod and Li proposed a test 
for white noise which is based on the squared- 
residual autocorrelations of e,.'! This test is use- 


* The Box-Pierce Q, and the Ljung-Box Q* tests are based on 
the residual autocorrelation function: 


T 
rk) = > ê- 


a 
>ë, 

k+l t=1 

where the é, are the innovations associated with equation (8). Under 
the null hypothesis that the residuals are white-noise, the Box-Pierce 
Statistic 

m 
Qa =T >, rD 


is distributed approximately as a ¥(m — q). 
0 Ljung and Box proposed to use the statistic 


m 
OF = TT + 2) >) OMT - i), 
i=l 
which is approximately distributed as a y(m — q) under the null- 
hypothesis of white noise. 
1! The squared-residual autocorrelation function is given by 


T T 

ralk) = >, (È - (84 - 0) J >) (2 - 0, 
rok+t tt 

where 


Table 2. Dynamics Associated with the 
Characteristic Roots of H 


AR(20) AR(20)-GARCH(1, 1) 
Modulus Period? Modulus. Period 

.992 è .970 3.00 
.966 ý -960 j 
.951 4.51 .950 5 
.941 2.29 -949 1.82 
.935 1.88 -945 2.27 
.931 2.95 .929 1.44 
.924 1.01 .924 5.14 
921 1.43 O17 1.05 
.916 1.38 £900 4.67 
911 4.55 .885 1.34 
.831 1.12 .794 1.05 


Note: The roots are ordered according to their modulus. 
“ The period is denoted in years. 
è These are real roots and hence do not exhibit cyclical behavior. 


T 
a= Y, 2/7. 
t=] 
McLeod and Li show that, under white noise, the statistic 
m 
Qaa = TIT + 2) $, eli) MT - i) 
- ft 


is asymptotically distributed as a y(n). 
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ful for detecting certain types of nonlinear sta- 
tistical] dependence in time-series residuals. 
The above tests were used to determine whether 
the AR(20) residuals in (8) are white noise for 
m = 40. The test statistics were 23.34 and 26.49 
for the Box-Pierce and Ljung-Box tests, respec- 
tively. Given a critical value of 31.41 from the 
asymptotic chi-square distribution at the 5% level, 
the null hypothesis that the residuals of (8) are 
white noise cannot be rejected in either case. 
Alternatively, the test statistic for the McLeod- 
Li test was 40.06. Given a critical value of 55.76 
from the asymptotic chi-square distribution at 
the 5% level, the hypothesis that second-order 
autocorrelation is present in the residuals, e,, also 
is rejected. Similar results were obtained for the 
standardized residuals from the AR(20)- 
GARCH(1, 1) model.” These tests suggest that 
the linear model (8) (with either homoscedastic 
errors or with GARCH errors) appropriately 
represents price dynamics in the hog market. 
Now consider the BDS test. Choosing m = 
40, the W statistics (7) were calculated for the 
original data x,, for the AR(20) residuals in (8), 
and for the standardized residuals of the AR(20)- 
GARCH(1, 1) model. The results are reported 
in table 3 for selected values of e. Recall that 
under the null hypothesis of white noise, W con- 
verges asymptotically to N(O, 1). Thus, the crit- 
ical value of the W test at the 5% level is 1.96. 
The results in table 3 indicate that the null 
hypothesis that x, is white noise is strongly re- 
jected. The W statistics also provide statistical 
evidence that the AR(20) residuals are not, in 
fact, white noise. Given the results of the more 


2 The standardized residuals for the AR(20)-GARCH(1, 1) model 


are given by e,h7'/?, where h, is the conditional variance. 
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traditional tests for white noise, it follows that 
obtaining significant W statistics for the resid- 
uals of (8) provides important evidence of model 
misspecification caused by fitting a linear model 
to data generated by a nonlinear process. More- 
over, thess results are consistent with those of 
Brock anc Sayers in their analysis of business 
cycles. 

The BCS test applied to the standardized re- 
siduals from the AR(20)-GARCH(1, 1) model 
is alsc of interest. First, the evidence against 
white noise is not as strong as for the AR(20) 
residuals (see table 3). This result indicates that 
the GARCH specification is perhaps capturing 
some of tne nonlinearities of the dynamic pro- 
cess. Seccnd, for high values of e, the BDS test 
still indicates that the standardized AR(20)- 
GARCH residuals are not white noise. Thus, the 
existence of nonlinear dynamics in the pork cycle 
cannot be fully explained by the GARCH error 
process. Importantly, this evidence for nonlin- 
earities indicates that fundamental asymmetries 
may exist between the expansion phase and the 
contraction phase of the hog cycle. 

Given that the hog—corn price ratio is asso- 
ciated witi nonlinear dynamics, evidence on the 
nature of the underlying dynamic process also 
can be ottained by measuring the GP correla- 
tion dimension and the largest Lyapunov ex- 
ponent. Brock and Sayers proposed using 


(9) SC mE) = (in ChE) 

— In C,,(é-1))/(n (€) — In (€-1)) 
as an empirical estimate of the GP correlation 
dimensior. where C,, 1s defined in (6). The di- 


mension estimates, SC,,, are reported in table 3 
(using m = 40) for the hog-corn price ratio x, 


Table 3. Dimension Estimates (SC,,) and BDS White Noise Test Statistics (W) 


Standardized e, from 


x, e, from AR(Z0) AR(20)-GARCH(1, 1) 
€ SC. wW SC. wW SC, Ww 
9? .009 51.50 431 8.329 126 2.305 
9 218 41.85 1.181 5.300 34] 6.070 
3 724 25.90 1.924 2.463 .996 1.659 
9° 1.115 17.41 - 3.557 1.398 1.802 215 
9° 1.391 16.03 4.077 85] 3.023 — 298 
9 1.615 18.27 6.210 1.604 4.553 — 262 
.98 2.330 24.85 8.501 2.040 6.365 — 387 
9° 3.948 42.2] 11.058 2:227 9.095 —,279 
oF 4.977 78.47 14.756 2.081 12.921 — 427 
9 5.591 184.59 25.603 2.035 21.582 — .926 
9” 9.115 554.04 25.911 — 909 
98 9.339 161.970 





Note: All results are obtained for m = 40. 
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for the AR(20) residuals in (8), and for the stan- 
dardized residuals of the AR(20)-GARCH(1, 1) 
model. The dimension estimates for x, are rough: 
they can be as high as 9. The dimension esti- 
mates for both e, form the AR(20) model and 
e,h;'/? for the AR(20)-GARCH(1, 1) model are 
also rough but tend to be higher: they can be as 
high as 25. Based on the GP dimension esti- 
mates, the underlying dynamic process appears 
complex and would probably not be adquately 
represented by just a few state variables. 

Last, given the evidence of nonlinearity pro- 
vided by the BDS test, is there any evidence of 
chaotic behavior in the pork cycle? This qùes- 
tion is investigated by calculating the largest 
Lyapunov exponent, A,, using Wolf et al.’s al- 
gorithm.” The estimates of A, were positive: 
.0041 for x, and .0038 for the AR(20) residuals. 
Thus, the estimates of A, are in the chaotic re- 
gion. Their small magnitude indicates that the 
rate of divergence of neighboring paths is low. 
Thus, the pork cycle may still be predictable in 
the short- and intermediate-run, even if chaotic. 
Only in the longer run may neighboring paths 
diverge and, hence, become unpredictable. Fi- 
nally, the estimates of A, are close to the non- 
chaotic region (A, < 0). Because the statistical 
properties for the estimator of A, are currently 
unknown, we cannot conclude there is strong 
evidence of chaos in the dynamics of the hog— 
corn price ratio." 


Conclusions 


The results provide clear evidence that the dy- 
namic process generating the pork cycle is, in 
fact, nonlinear; however, the evidence in favor 
of “chaos” is less conclusive. The results of this 
study also suggest that linear time-series models 
commonly used to analyze pork market dynam- 
ics (e.g., Wallis; Shonkwiler and Spreen; Bes- 
sler and Kling; Kaylen) may fail to fully capture 
economic dynamics. Furthermore, while GARCH 
error processes can account for some of the non- 
linearities, the pork market appears to be char- 
acterized by other forms of nonlinear dynamics. 
In addition, the empirical estimates of the GP 
correlation dimension show that the nature of 
nonlinear dynamics in the pork market are com- 
plex and cannot be represented by a few state 


'? Recall that positive Lyapunov exponents indicate chaos. 

14 The results obtained for A, are consistent with those obtained 
by Brock; Brock and Sayers; and Frank, Genzay, and Stengos, in 
that the numerical estimates of A, are, in general, small in mag- 
nitude. 
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variables. Although little a priori information is 
available about the exact source of these non- 
linearities, fundamental asymmetries likely ex- 
ist between the expansion and contraction phases 
of the pork cycle. Consequently, structural 
models are needed to provide useful information 
on this issue. The dynamics of entry and exit in 
the pork industry and its implications for supply 
response are promising topics for future re- 
search. 

Finally, if the existence of the pork cycle re- 
quires that the cycle is not perfectly predictable 
(as argued in the introduction), the source of this 
unpredictability remains unclear. Although our 
results present some evidence in favor of chaos 
that could explain the unpredictability of the pork 
cycle, this evidence is not definitive. Further work 
is needed to assess whether chaos can help us 
better understand the dynamics of agricultural 
markets. 


[Received May 1990; final revision received 
October 1990.] 
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State-Space Modeling of Cyclical 
Supply, Seasonal Demand, and 
Agricultural Inventories 


Jeffrey H. Dorfman and Arthur Havenner 


The production of certain agricultural products follows an alternate bearing pattern of 
large and small crops. Many agricultural products also experience seasonal shifts in 
demand. Such patterns present a natural opportunity for profitable inventories. This 
paper applies state-space modeling techniques to the problem of modeling cyclical 
patterns in supply and demand and presents an application to the determination of 
inventory levels for such agricultural products using linear quadratic control. 


Key words: alternate bearing, inventories, olives, optimal control, seasonality, state- 


space models. 


The production of certain agricultural products 
follows an alternate bearing pattern of large and 
small crops. While many agricultural products 
exhibit this pattern, the more famous examples 
are tree crops, including apples, almonds, pe- 
cans, and olives. A physiological process in the 
trees causes a high-yield year to be followed by 
a low-yield year. Such a two-year cycle will 
continue until some outside event, usually 
weather related, breaks the cycle. For example, 
if in a year that should have been a high yield 
year there is bad weather during a crucial stage 
of the fruit’s development, a small crop may re- 
sult. High yields then are expected in the year 
following this weather event, beginning another 
cyclical pattern. Because these two-year cycles 
are initiated by weather phenomena, all the trees 
in a given area tend to be on the same two-year 
pattern, leading to wide fluctuations in crop pro- 
duction for alternate bearing crops, especially 
those produced within a single region. Pomol- 
ogists strive to reduce these yield swings and 
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have succeeded to some extent through fertil- 
ization, irrigation, and pruning. However, many 
agricultural products still have pronounced al- 
ternate bearing cycles. 

The demand for many agricultural products 
also displays cyclical patterns related to sea- 
sonal changes in taste. Even with the recent 
availability of imported products virtually year- 
round, consumers prefer certain goods more at 
particular times of year. Dummy variables are 
too abrupt to smoothly track seasonal fluctua- 
tions in the demand schedule. A more general 
method of tracking such cyclical patterns in sup- 
ply and demand is desirable. 

This paper presents several new methods for 
analyzing cyclical products. It is shown that state- 
space models can be used successfully to model 
cyclical patterns in both supply and demand. 
Then, we demonstrate how state-space models 
can be inserted into the familiar linear quadratic 
control framework, allowing the supply and de- 
mand estimates to be employed in the deter- 
mination of optimal inventory levels for such 
products. This will be done by applying tech- 
niques of econometrics, linear systems theory, 
and optimal control with an empirical example 
based on the California canned olive industry. 

The first part of the paper briefly describes 
the linear systems theory approach to construct- 
ing an approximate state-space model. The sec- 
ond and third parts of the paper present the olive 
supply and demand functions which are used to 
forecast future production and demand for use 
in making inventory decisions. State-space 
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models are used in both cases. Finally, the fourth 
section develops the optimal control model, em- 
ploying the linear quadratic framework pop- 
ularized in economics by Chow. The control 
model produces recommendations on both ab- 
solute price levels and relative prices among the 
different grades. 


Linear Systems Theory Estimates of State 
Space Models 


Because the supply and demand curves of canned 
olives will be modeled using a particular state- 
space time-series procedure, the estimators of 
this state-space system are developed and briefly 
discussed below. This approach, a version of 
multivariate time-series analysis, emphasizes 
dynamic rather that static relations between 
variables. It uses results from the engineering 
literature on dynamic approximations to deter- 
mine the model specification most consistent with 
the observed data in a formal approximation sense 
and has produced accurate forecasts in other 
contexts; see Aoki and Havenner for a survey 
with applications. Accurate forecasts are im- 
portant in setting inventory levels with alternate 
bearing crops because the solution must look 
forward over two crop years and, using the 
monthly data employed here, twenty-four months 
of demand. 

The state-space model consists of two matrix 
equations: the state equation, 


(la) Zeie T ÅZ ije- + Be,, 
and the observation equation, 
(1b) Yı = CZy- Tez 


where y, is an (m X 1) vector of observations 
on the series to be modeled, e, is an (m X 1) 
vector of stochastic innovations assumed to be 
i.i.d. with a zero mean, and Zą-; is an (m X 1) 
vector of conditional means of the states, or 
minimal sufficient statistics for the past history 
of the series y,. The subscripts on z,,_, denote a 
conditional expectation of the state for time pe- 
riod ¢ given the information set of time period 
t — 1. The matrices A, B, and C are parameters 
to be estimated. 

The innovations e, appear in both equations. 
Because the states are defined to be minimaily 
sufficient statistics for the series y,, when a new 
observation occurs the states must be updated. 
The only new information in y, is contained in 
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the innovation e,. The matrix B serves to com- 
bine this rew information into the states in a 
manner such that the states remain minimal suf- 
ficient statistics for the series y, as long as the 
innovations. are assumed to come from a distri- 
bution witk the linear inheritance property (such 
as the normal distribution). For a detailed de- 
scription of the relationship between state-space 
models anc ARIMA models, see Aoki and Hav- 
enner. 

Beginnirg the model estimation process, let 
the upper bound on the number of lags needed 
to model y, be p and the desired forecast horizon 
be h. Define the (mf X 1) and (mp Xx 1) future 
and past data vectors as y;’ = (y}, Wray, <., 
Yas- and Cy," = On, Y-i» +- Yipes). The 
autocovarience matrix that allows the prediction 
of y, from y,_, can now be defined as H = 
E(y; y,_;) and estimated as 


A A A A 
bh. È 


n I, I, I, eos D+ 


I; Ia Ipa Dip- 
where each È, is estimated by the standard, 
maximum likelihood sample autocovariance 
formula 

T~i 


GO Ter Soyo FG leap ty 


i=] 


where T is the sample size. The [o and I, ma- 
trices do nct appear in H, but are used later. The 
choice of the letter H for the autocovariance ma- 
trix is the sesult of its being a Hankel matrix— 
a block baad counterdiagonal matrix. 

In order to estimate the model coefficients, 
two matrix decompositions of the Hankel matrix 
will be employed. The singular value decom- 
position of H is 


(4) H = USV, 


with U'U and V'V identity matrices and 5 a 
rectangular matrix with the singular values along 
the “diagonal” beginning at the top left corner 
and zeros elsewhere. When estimating a model 
with n states, only the n-largest singular values 
are used. Setting the smallest singular values to 
zero consticutes the set of exclusion restrictions 
used to ideatify the model, equivalent to the re- 
strictions on which lagged observations and er- 
rors have zero coefficients in an ARMA model. 
Denote the approximate Hankel matrix, created 


by replacing $ with a matrix of only the n-larg- 
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est singular values (with the other singular val- 
ues set to zero), by H,,, and the singular vector 
decomposition of H,, by 


(5) H, = U,3,V,. 


In order to derive estimators of the coeffi- 
cients it is important to recognize the following 
pattern in the individual autocovariance sub- 
matrices of H, 


(6) P= Eyy = CAO, 


where 2 = E(z,.1,,y;). This relation can be es- 


tablished using the model in (1) and the above 
definition of 2. Recognition of this pattern al- 
lows a factorization of the Hankel matrix into 
its observability and controllability matrices, O 
and K. 


c 
() H=0K=| “4 


[Q AQ... AP 10). 


cam 

The two different factorizations of the Hankel 
matrix can be equated to give 
(8) Ay, = ÜpŠ, V, = Ô„K,. 
Equating these factorizations specifies the model 
and allows a solution for estimators. Let H,. and 
H., represent the first m rows and the first m 
columns of H, and note the following relation- 


ships from the first block row and block column 
of (7) above: 


9) A, =,IG7;... 
(10) Al, = 


I] = CK, 
U TT}... T= wo. 


These two equations constitute the first-order 
conditions for the estimators of C and Q. The 
estimates of C and 2 are therefore given by 


(12) 0 = Ôh., 


where K , and Ô; are generalized inverses de- 
fined as 


(13) K, = V,(3,) 2, and 
(14) Ô; = ($D PŮ}. 


To estimate A, it is necessary to introduce a 
time-shifted autocovariance matrix, H, defined 
as 
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(15) 
E 2) 2. we Te 

pa te de dp sh T+2| = OAK. 
: : > XXX : 
Dpi Taa Ias ftp 


The left arrow notation is motivated by inter- 
preting H as a Hankel matrix with the blocks of 
H shifted left one position and then the last col- 
umn filled on the right. The second equality in 
(15) comes from placing A in the middle of (7) 
and using the relations in (6).. The estimate of 
A is derived by applying the generalized in- 
verses of K, and O, again, yielding 


(16) A= OFHK;. 


The generalized inverses used for O and K 
determine the scale of the states and, thus, the 
coefficients. They were chosen so that R R = 
Ô!Ô, = 3,. This scaling is known as the bal- 
anced representation, resulting in the coeffi- 
cients in A, B, and C being uniquely identified. 
While other scalings could have been selected, 
by calculating A, Q2, and C from the n nonzero 
singular values in 3, and the orthogonal singular 
vectors of Û, and V,, subject to the balanced rep- 
resentation, the estimates possess the property 
referred to as being “strictly nested.” The esti- 
mates are called “strictly nested” because the 
leading principal submatrices of A, 2, and C 
contain the exact numerical values that would 
be produced by the model if it were estimated 
with the correspondingly smaller number of 
nonzero singular values. This result occurs be- 
cause these estimates are composed of parts of 
scaled singular vectors (which are, of course, 
orthogonal). Also, since the singular values are 
included in decreasing order, any states left out 
(by too small an n) are less important than each 
of the included states. Thus, if additional states 
(associated with additional singular values) are 
included incorrectly in the model, all coeffi- 
cients of the true model are estimated consis- 
tently and, in fact, are numerically identical to 
the estimates that would be obtained from the 
correct specification (hence the adjective 
“strictly”). Alternatively, if states (and associ- 
ated singular values) of the true model are ex- 
cluded from the estimated model, the coeffi- 
cients that are included are again consistently 
estimated and the included states are the most 
important ones in the determination of the series 
being modeled. This has important conse- 
quences in model specification. For a detailed 
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proof of the strict nesting property see Havenner 
and Criddle. 

With estimates of A, C, and Q in hand, we 
can develop an estimate of the Kalman filter 
matrix, B. This is done by solving a system 
of three matrix equations involving four covari- 
ances: the state covariance matrix, E = 
E(2:41241); the error covariance matrix, ¥ = 
E(e,e;); the covariance of the states with the se- 
ries, Q = E(Z,41,y;); and the unconditional data 
covariance matrix, [fy = E(y,y;). In presenting 
these equations in as simple a manner as pos- 
sible, use has been made of the orthogonality of 
the current states, z,,_;, and the innovations, e,. 
The first two equations are derived by taking the 
expectations of equations (la) and (1b) post- 
multiplied by their own transposes: 


(17) Ei = ABA’ + BYB', 
(18) I) = C&C’ + Y. 


Taking the expectation of the state equation (1a) 
postmultiplied by the transpose of the observa- 
tion equation (1b) gives the third matrix equa- 
tion, 


(19) 


Based on the previously developed estimators of 
A, C, Io, and Q estimates of B, 4, and ¥ can 
be obtained by solving (17) through (19) si- 
multaneously. Methods for solving equations (17) 
through (19) are found in Aoki and Havenner, 
and in Aoki. 

With the estimates of A, B, and C that have 
now been derived an estimate of the initial state 
vector Zo can be obtained by backcasting; for de- 
tails see Aoki. Given this conditional estimate 
of the initial states of the system, the model given 
by (1) can be solved for in-sample and out-of- 
sample forecasts. 


N = AHEC' + BY. 


The Supply Model 


Olive trees mature slowly and live for a long 
time. A tree begins bearing a crop in its seventh 
or eighth year, reaches full maturity at about 
twenty, and often produces at a profitable level 
up to age fifty. In the United States, commercial 
olive production occurs only in California. Ol- 
ive bloom and fruit set occur in May, so rain 
does not generally present a problem with pol- 
lination and is therefore not an important factor 
in the determination of supply. The harvest of 
olives in California begins in September and ends 
in October or November, depending on weather 
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and variety. Recent acreage changes have been 
slightly downward (2%-—3% per year), which 
seems to be a correction for an earlier too rapid 
expansion (Jolly). 

The production of olives in California has 
varied from 5.4 to 14.3 million cases in the last 
ten years (California Olive Committee). Year- 
to-year variation has exceeded 100%. This vari- 
ation is partly caused by olives being an alter- 
nate bearing crop. Pomologists associate this 
phenomenon with the heavy drain on the trees’ 
nutrients during the high yield year and the sub- 
sequent small production of new fruiting wood 
for the next bloom period (Hartman and Opitz). 
This cycle within the stochastic nature of the 
supply of olives can be exploited for more ac- 
curate forecasting of future supplies. The main 
product of California olives is canned, ripe ol- 
ives, with over 90% of the crop being canned. 
These canned olives are differentiated by size. 

The supply model is concerned with predict- 
ing the supply of canned California olives in five 
size classes. The long lag between planting and 
production allows the supply to be modeled 
without acreage as an exogenous variable be- 
cause it changed very little in the time studied 
and cannot change much over a two-year plan- 
ning horizon. Further, supply will be modeled 
without price as an exogenous variable because, 
while the price level affects profitability and, 
therefore, the number of acres of olives, price 
has little effect on the current year’s supply. As 
long as price is high enough to cover harvesting 
costs, producers will harvest their crop and can- 
not increase production (except, perhaps, by re- 
ducing waste) in response to a high current price. 

The supply model was formulated with the five 
main size classes of canned olives used by the 
California olive industry (small, medium, large, 
jumbo, and colossal). Thus, supply is modeled 
as the joint production of five varieties of canned 
olives. While this ignores those olives produced 
but not canned and some olives that fall into a 
few other categories, such a formulation cap- 
tures about 80% of the olives produced in Cal- 
ifornia. 

Structuring the optimal control model around 
these size classes provides two advantages. On 
the demand side, prices of canned olives vary 
by size class. By not combining all the sizes into 
one single product, an aggregation problem is 
avoided and information is preserved. On the 
supply side, more accuracy can be achieved 
without overtaxing a short data series. The sup- 
ply model has a very short time series——nine 
annual observations. The California olive in- 


Dorfman and Havenner 


dustry experienced such large growth in the early 
and mid-1970s that to go farther back in time 
would introduce structural change to the system. 

With other time-series methods, this short time 
series could signal the end of the empirical anal- 
ysis; but, with a state-space model, the shortage 
of data can be compensated for by the inclusion 
of multiple series driven by shared states. The 
data support our a priori conjecture that the states 
that determine the supply of one size of olives 
will be the same as, or closely related to, the 
states that determine the supply of other sizes, 
although the effects on the various sizes differ. 
In the empirical approximation of the model, 
having five series allows a higher-order deter- 
minantal polynomial to be fit to each series 
without utilizing the data from each series too 
intensively. This is because the order of the de- 
terminantal polynominal is bounded by the 
product of the number of series, m, and the 
number of lagged periods in the y, vector, p. 
As the lag parameter p increases, fewer obser- 
vations are available to calculate the additional 
estimated autocovariances [see (4)]. Therefore, 
the five series employ more observations in ap- 
proximating the Hankel matrix (potentially re- 
sulting in greater accuracy) while not restricting 
the model to a specification with insufficient 
flexibility. 

The supply model in state-space form is 


(20) 
(21) 


where y, is a (5 X 1) vector of the supply of the 
five sizes of canned olives in year t and the s 
subscripts differentiate these matrices from those 
of the demand model which follows. The model 
was estimated using the years 1977 through 1985. 
The series were all centered and divided by 
standard deviations to have zero means and un- 


Ze tl, Z Ay Zy)—1 + Be, 


Ie C Zit + Er 
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conditional variances equal to one. This makes 
the mean-squared. errors comparable across se- 
ries. To keep the determinantal polynominal 
equation to a suitably low order for an annual 
time series of olive production, the lag param- 
eter, p, was set to one. This allows up to a fifth- 
degree determinantal polynomial. It also pre- 
serves observations in the estimation of the au- 
tocovariance matrices.. 

The best approximation occurred with two 
states (A = 2). The mean-squared errors for the 
predictions of the five series ranged from .404 
to .732, which are fairly good—although not 
outstanding——when compared to the series’ un- 
conditional variances of unity. The estimates of 
the A,, B,, and C, matrices are given in table 1, 
along with the mean-squared errors and R’ of 
each of the five series. The dynamics matrix A, 
has two real eigenvalues, —0.588 and 0.191. The 
absolute values of both roots are less than one, 
implying that the system is stable. The negative 
eigenvalue captures the alternate bearing phe- 
nomenon by introducing a “sawtoothed” oscil- 
lation to the supply model’s dynamics. Because 
each eigenvalue of A, has a modulus less than 
one, the alternate bearing cycle would die out 
if it were not restarted by new exogenous weather 
shocks. 


The Demand Model 


Because California canned olives have few, if 
any, close complements or substitutes, the de- 
mand side of the industry also will be modeled 
as a State-space system with the addition of a 
structural equation. This allows the emphasis of 
the modeling to be placed on the dynamics of 
the system rather than on cross relations with 
other variables. For a product without any strong 
cross relations (elasticities of substitutions close 





Table 1. Supply Model Parameters 
Small Medium Large Jumbo Colossal 
MSE 436 -404 .546 . 732 .508 
R? .707 .768 .570 451 .545 
A, — .487 — .259 
— 264 .0906 
B, 2.11 —1.77 .986 .089 ~ .950 
473 — .00804 — 1.97 1.37 .162 
C; —.772 —.859 —.343 — 531 .0174 
.160 .038 — 320 —.105 —~ 536 
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to zero), this is advantageous. The five sizes of 
California olives will again be treated as sepa- 
rate time series. For the demand system, though, 
the period of observation is one month, not a 
year as in the supply model. This allows sea- 
sonal cycles in demand to be traced. Such cycles 
are very important in olives, which have two 
high demand and two low demand seasons per 
year. Thus, a vector of demand for olive prod- 
ucts will be estimated and forecast. 

Because prices are the control variables in the 
optimal control model (see below), demand will 
be estimated with sales levels as the dependent 
variables and prices as an exogenous variable. 
The presence of exogenous (known and observ- 
able) variables, such as prices, requires that. the 
state-space system be augmented with a regres- 
sion equation in order to remove the time-vary- 
ing deterministic mean (æ + $p,) from the series 
of quantities demanded, thus rendering the re- 
sulting series stationary. 

The demand system can be written as 


(22) Zeik Z AZy-1 ii Be, 
(23) U, = CZ,_1 + e€, 
(24) g,= a+ Bp, + u,, 


where q, is a (5 X 1) vector of the quantity sold 
in month ¢ and p, is a (5 X 1) vector of the 
wholesale prices of the five sizes of olives. Ob- 
viously, the state vector z,,, and the innova- 
tions e, differ from those in the supply model. 
This demand system was estimated using a 
monthly series from 1983:7 to 1987:6, saving 
1987:7 to 1988:6 for out-of-sample validation. 
Although no prices of other goods enter the de- 
mand system, the prices of all five olive size 
classes are in each size’s demand function. This 
is because there are extensive possibilities for 
substitutability and complementarity in demand 
between olive size classes. 

Equations (22) through (24) were estimated 
by an iterative procedure. First, equation (24) 
was estimated by least squares. Then, using the 
resulting residuals, ,, as the observation series, 
(22) and (23) were estimated by the process out- 
lined above. This process allows the construc- 
tion of an updated ĝ, series using the forecasts 
of the state-space model. The state-space mod- 
el’s forecasts were then used to generate a q* 
series where g* = q, — â, and â, is now the 
forecasts from (22) and (23). The structural pa- 
rameters a and B were then reestimated using 
q* instead of q and the process continued until 
the parameters converged. 
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The resuks of the estimation of the demand 
system in (22) through (24) are presented in ta- 
ble 2. The sales quantities are measured in thou- 
sands of cases. In table 2, B has been multiplied 
by 10° in o-der to simplify the table. Further, 
the mean-squared errors are normalized by each 
series’ unconditional variance to provide a nat- 
ural scale for these statistics. The MSE and R? 
Statistics show that for all the size classes except 
the colossal a reasonable reduction in the vari- 
ation of the series was obtained. The magnitude 
of the off-diagonal elements of B indicate that 
cross relaticns between size classes are indeed 
important. Im fact, complementarity exists among 
several of tre sizes; in particular, the two small- 
est sizes (small and medium) are complements 
to the three larger sizes (as can be seen by the 
negative terms below the diagonal in the first 
two columns of 8). This is not surprising given 
the large saes of canned olive to the food ser- 
vice industry, where olives are used in salads 
and other dishes in either chopped or sliced form 
and only a few of the larger sized olives are em- 
ployed a decoration. While there is one positive 
own-price effect (for the large class), this coef- 
ficient is nct significantly different from zero. 

Model validation was done using a procedure 
from Henrixsson and Merton. This procedure 
measures the confidence level of the hypothesis 
that the forecasts contain information value. This 
is equivalent to testing if the model can forecast 
the direction of revision in the series. The re- 
sults of testing all five size classes together were 
confidence -evels of 0.997 in-sample and 0.605 
for the twe-ve out-of-sample observations. For 
further details see Dorfman. 


The Optimal Control Model 


The optimal control model is formulated as if 
the Olive Marketing Board could set wholesale 
prices for “he industry. The Olive Marketing 
Board is ccmprised of grower, processor, con- 
sumer, academic, and government representa- 
tives. It is governed by a set of regulations ap- 
proved by ts member growers and processors 
under laws set up from the 1922 Capper-Vol- 
stead Act cnward. While the Olive Marketing 
Board does not currently have the power to set 
prices, such power could be bestowed upon it 
by the vote of a suitable majority of the growers 
and prccessors. Seven processors buy essen- 
tially the entire crop of California olives from 
the growers, process the olives, and sell the re- 
sulting products to either food service compa- 
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Table 2. Demand Model Parameters 





Small Medium 
MSE 580 .524 
R? .416 .476 
A .829 .597 
— .600 .290 
B“ 2.25 -710 
—3,52 2.56 
C —10.99 —]1. Il 
13.80 32.15 
a’ 337.4 53.34 
B —38.50 3.20 
—85.00 — 54.76 
—25.75 —16.21 
—5.93 —~ 12.97 
—2.39 —9 80 


Large 


State Space Modeling 835 


Jumbo Colossal 

.615 .645 .882 

385 355 118 
1.83 7.21 1.86 
.860 17.91 16.64 

—7.96 —5.97 — 733 
28.43 13.08 4.55 

522.4 125.4 139.3 

—8.08 — 12.73 15.55 
66.08 77.68 12.72 
24.05 61.59 38.41 
13.86 —1.42 —~2.97 
—4.42 .924 — 1,13 


° B is presented scaled by 10°. 


nies, other food processors, or retailers. Thus, 
the number of firms that would be involved in 
an inventory control program is a manageable 
number. 

The objective function proposed for the in- 
ventory optimal control model is inspired by Vi- 
nod. He refers to models with objective func- 
tions of this type as “eclectic,” implying that 
they attempt to mimic decision makers with 
multiple objectives. We propose three objec- 
tives for the regulation of olive inventories, with 
weights that determine their relative importance 
to the decision makers. 

A major motivation for inventory control is 
to attempt to improve profit by more efficient 
temporal allocation of the available supply. 
Hence, the first term of the objective function 
is discounted revenues. The costs of production 
can be safely ignored here because the date of 
sale does not affect these costs. Storage costs 
are accounted for by adjusting the discount rate 
employed to reflect the percentage of the price 
that represents the cost of storing the canned ol- 
ives. 

The second objective is price stability. Both 


Massell and Samuelson have shown that the sum ° 


of producer and consumer surplus is higher un- 
der stable prices than instable prices. The results 
of Waugh, showing that consumers should favor 
price instability, and Oi, demonstrating a simi- 
lar result for producers, result from a form of 
price instability that causes a more than offset- 
ting loss to the producers or consumers, respec- 


tively. When both sides of the market are con- 
sidered simultaneously, price stability is welfare 
increasing. 

In the work most familiar to agricultural 
economists, Newbery and Stiglitz caution against 
the use of consumer surplus to measure con- 
sumer welfare under various price stabilization 
schemes, pointing out that the Hicksian demand 
curve is the appropriate one to examine. New- 
bery and Stiglitz show that at least some degree 
of price stabilization, accomplished by the hold- 
ing of inventories, is beneficial given resonably 
low storage costs. In particular, when such sta- 
bilization does not have a significant effect on 
supply, as would be the case for olives with a 
highly price inelastic short-run supply function, 
Newbery and Stiglitz demonstrate that price sta- 
bilization has a net positive benefit. Craine also 
shows that in a general equilibrium framework 
stable prices are welfare increasing. 

Because the marketing board represents 
growers and processors, this price stability term 
makes sense. This term also serves to discour- 
age the regulators from “overmanaging.” A term 
representing consumers’ desire for low prices is 
unnecessary since the demand curves enter the 
optimization problem as a set of constraints. 

The third objective is a desired sales level. 
Sales are encouraged to approximately match 
target levels, with a penalty for squared devia- 
tions of sales from the targets. This specifica- 
tion is not equivalent to a feasibility constraint 
(which is included in the constraint set, not in 
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the objective function). A feasibility constraint 
simply assures that sales do not exceed the sum 
of production and carry-in inventories. 

The industry has been building up substantial 
inventories over the past several years with cur- 
rent inventory levels of approximately one-half 
of annual production. If storage levels continue 
to climb, the growers are certain to find them- 
selves in an increasingly unfavorable negotiat- 
ing position relative to the processors. The 
examination of these storage levels was the mo- 
tivation for including desired sales levels in the 
objective function. 

Defining p as the discount factor inclusive of 
both normal opportunity costs and storage costs, 
the inventory control problem is to 


T 
{= 
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two-year period 1985—86. For the first week of 
January 1985, the interest rate was 8.1%. A rea- 
sonable estimate of storage costs was obtained 
from industry sources and set at 0.5% per month 
of the price of olives. This constant percentage 
markup for storage costs is reasonable because 
the storage facilities are sunk costs and the only 
other nonnegligible cost is the interest on the 
loans that processors use to finance themselves 
until the olives are sold. This can be added to 
the interest on the money that would have been 
earned by selling the olives to arrive at a total 
discount factor. Thus, for the 1985—86 period, 
the discount factor p = 1/(1 + (.081/12) + .005) 
= 0.988. 

Because it is the relative weights of the three 


T 
min £ = -X p'piqi + X, (P: — P- DRAP, — Pi) 


T T 
Geeli) 
(=i f=1 


(25) 
{p} l r=] 

subject to 
(26) Ziti T ÁZ- T Be,, 
(27) u, = C Ziri F €,, 
(28) gq, = a+ Bp, + u, and 

T 
(29) Siqsstk. 

=i 


In the criterion above, the matrices R, and S 
are specified by the decision makers to match 
their objectives, the vector d* is the goal chosen 
for sales over the model period, s is a vector of 
production over the model period, and k is a 
vector of carry-in stocks. The subscript ¢ refers 
to monthly time periods and T is set at 24 for 
the empirical solution of the model. The choice 
of a two-year period is based on the two-year 
alternate bearing cycle that olive trees follow. 
This natural physiological phenomenon makes 
one complete alternate bearing cycle an obvious 
choice for inventory planning horizon. Thus, the 
demand system of equations (26) through (28) 
serves as the equations of motion, while (29) is 
the set of feasibility constraints limiting sales to 
production plus carry-in inventories. 

The discount parameter p reflects both the ac- 
tual storage costs of the canned olives and the 
opportunity cost of waiting an additional month 
to sell them. The interest rate for one-month 
certificates of deposit of $100,000 and over was 
employed. The control problem is solved for the 


terms of the objective function that determine 
the result, not their absolute values, the weight 
on the revenue term is normalized to unity. The 
matrices R, and S are the relative weights for the 
price and feasibility terms, respectively. While 
they need not be diagonal in general, R, and S 
will be assumed diagonal here. 

The inventory control problem is solved as a 
deterministic closed-loop optimal control prob- 
lem. It is simplest to rewrite the problem in terms 
of a model augmented to first order with a qua- 
dratic loss function. This can be done, paying 
careful attention to the dynamics embodied in 
the Kalman filter matrix B and to which inno- 
vations are observable in each time period. If 
(27) and (28) are combined and the state equa- 
tion is backdated one time period, the result is 
a seven-equation demand model written in ma- 
trix form as 


(30) Zj = AZ,—j)~2 + Be, 
(31) q7 a $ Bp, F C2 4-1 = ey. 


Next, backdate (31) one period and solve for the 
innovation e,., in terms of q, p, and z. Substi- 
tute this expression into the right-hand side of 
(30) to replace the known innovation e,_,. This 
results in equation (32) below. Then, replace the 
Zj-1 in (31) with the expression on the right- 
hand side of (32) and replace the unknown in- 
novation e, with its zero expectation. This sub- 
Stitution gives a new observation equation shown 
in (33). The result is the state-space model writ- 
ten in a deterministic augmented first-order form 


Dorfman and Havenner 


with the dynamics of the Kalman filter pre- 
served, 


(32) 
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where S, is a null matrix fort = 1, 2,...,7 — 1, 
and Sr = S where $ is the penalty matrix from 


2-1 — AZ,— 1-2 T BQ) ~ a Bp,-1 aa C2,.-14—2) 


= Bq,-; + (A — BC)z,_1,-2 — Ba — BBp,-; 


(33) 


qı = a+ Bp, + ClAZ,— 1-2 + B(G,-1 — @ — Bp-i — C2,—1--2)] 


= CBq,-1 + CfA g BC)2Z,— 1-2 tas CB)a + Bp, = CBPp,-1- 


The augmentation of the model necessary to 
write the problem with a quadratic loss function 
and a first-order model is straightforward. Three 
new variables are defined in the augmentation 
to first order. The variables x and v are both 
renamings of the price variable: v, = p, and x, 
= pı; The variable d, is defined by d, = 
(2‘_1q, — d*), remembering that d* is the de- 
sired sales over the planning horizon. The aug- 
mented model is 


qı CB C(A-BC) -CBB 
Zi- B (A-BC) -—BB 
(34) =| v, |=] 0 0 0 
x, 0 0 I 
d, CB C(A-BC) —CBB 


To achieve this definition, the negative of the 
vector d* is inserted into the elements of ïo cor- 
responding to dp. Initially, d* is set equal to the 
expected production over the two-year period. 
This is simply the most recent year’s production 
plus the estimate of the next year’s production 
from the supply model in (20) and (21). At time 
period t = 10, the second year’s actual produc- 
tion becomes known, although it has not yet been 
processed. Because new information is now 
available, d* is then revised by making an ad- 
justment to the elements of yio in order to in- 
corporate the new information concerning pro- 
duction levels. For this example, the desired sales 
level is simply total production. In general, d* 
need not equal production. In cases where un- 
desirably large stocks are left over from earlier 
years, d* might exceed production in order to 
reduce stocks. 

Noting that all the matrices in the model are 
time invariant, define new notation for (34) as 


(35) y, = Ay,_, + b + Cp,. 


The loss function can be written in a single 
quadratic form with a new penalty matrix, II,, 
given by 


0 0 -—5p7 0 0 
0 0 0 0 0 
(336) I],=|—.5p7 0 R, —-R, Of, 
0 0 -R R 0 
0 0 0 0 S, 


(25). The matrices R, are identical in all periods 
except two, the first and the eleventh. R, is set 
equal to the null matrix to allow the optimal 
control model to select the first period’s prices 
p, without any penalty for deviations from the 
initial price levels po. R, is set to one-tenth its 
value in other periods to allow for the prices to 
adjust to the added information concerning the 
actual production levels. It was decided not to 
set R, equal to the null matrix, thus forcing a 


0 0 (I — CB)a B 
0 0 -Ba 0 
0 Ols.,+ 0 +17 |p, 
0 0 0 0 
0 7 (I — CB)a B 


smoother adjustment to the new information. 
The optimal control problem can now be writ- 
ten as 


T 
: ji 
PA GE ` Villy, 


(37) 
g=t 
subject to 
(38) ï, = Ay, + b + Ep, 
T 
(39) 


Sass + k. 
=] * 


The problem has been transformed into the 
well-known linear-quadratic deterministic opti- 
mal control problem. Given estimates of A, b, 
and C from the demand system, and a set of 
penalty matrices, II,, the problem given by (37) 
through (39) can be solved by forming a La- 
grangian, taking the derivatives with respect to 
Ý, Pr, and the Lagrange multipliers, and setting 
them equal to zero. The resulting first-order 
conditions can be solved to yield a set of Riccati 
equations which allow for a recursive solution 
for the parameters of the optimal feedback rule. 
See Chow for further details. Skipping the in- 
termediary algebra, the feedback rule for choos- 
ing the optimal policy instruments, ñ, is given 
by the following equations: 


(40) P: = GLY 1 T En 
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41) G,=-(C’'HOC)'C'H,A, 

(42) 9g, = —(C'HC)'C'b — hy), 
(43) Hı = H; + A'A,(A + CG), 
(44) h,, = (A + CG)'(h, — Hb), 
(45) H, = Ily, and 

(46) hr = 0, 


where the bars on A and C and the subscript on 
A, distinguish them from the A, C, and H ma- 
trices used in the state-space model. Equations 
(41) through (46) are solved recursively for a set 
of G, and g,, which then allow the optimal price 
vector for each period to be calculated after the 
past period’s sales have been observed. The fea- 
sibility constraints in (39) can be ignored in the 
solution as they are nonbinding in all time pe- 
riods. 

For the inventory control model, the subma- 
trices in II, are set to adjust for the relative scales 
of the three terms in the objective function: rev- 
enue terms are on the order of 10°. The selec- 
tions are R, = diag. (50000, 50000, 50000, 
50000, 50000), with the adjustments discussed 
above for the. time periods ¢ = 1 and ż = 11, 
and S; = diag. (.25, .25, .25, .5, .5). These 
values were chosen so that variations in the vari- 
ables consistent with historical values would not 
overwhelm, or be overwhelmed by, the revenue 
terms. In particular, the last two terms in Sy were 
set tc twice the level of the first three because 
the two corresponding size classes (jumbo and 
colossal) have production levels significantly 
lower than the three other size classes. There- 
fore, the same absolute difference in cases rep- 
resents a larger percentage difference and de- 
serves to be treated as a larger loss (1.e., smaller 
misses from the target are larger in a relative 
sense). For the submatrices in I], relating to rev- 
enue, the discount parameter is set to p = .988 
as specified above. 


Results of the Model Solution 


The results of the optimal control model solu- 
tion showed that, while the model is just an ap- 
proximation of actual industry behavior, the 
technique can produce useful policy implica- 
tions. It would also be easy for an industry to 
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employ such a method and adapt it to their ob- 
jectives. 

The model took the alternate bearing phenom- 
enon into account by choosing cross-year in- 
ventory levels that ranged from one quarter of 
one month to two months worth of sales for the 
five size classes. The cross-year inventory lev- 
els chosen differed significantly from those that 
occurred, but the comparison is confused by the 
large carry-in stocks. These stocks are not fac- 
tored into the sales targets (although they could 
be), entering only through the feasibility con- 
straint. 

When the information on the actual produc- 
tion levels for the second year entered the model, 
it adjusted quickly. Over the two-year period, 
the actual production levels were higher than the 
forecast. Upon receiving this “news,” the prices 
of all five size classes dropped to allow for in- 
creased sales. Prices remained at lower levels 
until the end of the control period, allowing the 
model to achieve total sales within 2% to 4% of 
the desired levels for all the size classes. The 
values for the differences between the sales and 
production for the two-year period for the actual 
industry and for the model are given in table 3. 
A positive number indicates that carry-in stocks 
were reduced, and all positive numbers are within 
the feasible region (the feasibility constraints are 
all nonbinding). Again, the large positive num- 
bers for the actual industry in all the size classes 
except for the colossal indicate that the industry 
is reducing its “permanent” inventory levels. The 
failure to reduce the inventory levels of the co- 
lossal size is important because considerable 
stocks exist in this size class. 

Another positive sign of the model’s perfor- 
mance was that the sales levels followed a cy- 
clical pattern, peaking in the months when the 
seasonal demand for olives is highest. This im- 
plies that the state-space part of the demand model 
is allowing the seasonal variations in demand to 
be tracked with reasonable accuracy. The cycle 
embodied by the state-space model allows for a 
smoother transition to these seasonal changes than 
the inclusion of dummy variables in the demand 
system. 

The price levels set by the model diverged from 
the actual levels that occurred. The prices set by 
the model for the large size class were higher 
than the actual ones; for the medium, jumbo, 
and colossal sizes the prices set were lower, and 
for the small size class the prices set by the model 
were approximately the same as actually oc- 
curred. This feature of the solution is the result 
of the sales constraint imposed through the pen- 
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Table 3. Sales Minus Production for 1985-86 


Small Medium 
Proposed —5.9 6.2 
Actual 205.5 1075.9 


Note: All quantities in 1,000 cases. 


alty matrix S. Examination of industry statistics 
shows that, for the past five years, inventory 
levels have been increasing steadily and now 
equal one-half of an average year’s production. 
The control model did not allow the industry to 
increase stocks greatly, as it has often been doing. 
The results of the control model suggest that the 
industry must adjust its pricing structure to avoid 
excessive inventory levels. The model selected 
prices which vary more by size class than the 
actual prices, keeping prices high for the size 
classes with strong demand while reducing other 
prices to avoid increasing inventories further. For 
example, for the highest volume size class, large, 
the control model suggests about a 12% price 
increase; while, for the two lowest volume 
classes, jumbo and colossal, the control model 
suggests price cuts of approximately 38% and 
57%, respectively. The ratios of the means of 
the proposed prices to the means of the actual 
prices are presented in table 4. Recalling the 
numbers in table 3 for sales minus production, 
the huge difference between the proposed and 
the actual prices for the colossal size class sug- 
gest that the industry is building up large “per- 
manent” inventories of the colossal size class. 
To stop this practice, the model suggest a price 
cut of over 50%. 

Finally, the results of the optimal control model 
are not sensitive to the values of the penalty ma- 
trices R and S. Experimentation with a range of 
values within the same order of magnitude 
showed no significant sensitivity of the price or 
sales levels to the exact values of R and S. This 
suggests that the answers produced by the con- 
trol mode] are a result of the supply and demand 
models and the general form of the criterion 
function rather than being forced onto some 
“desired” path by the penalty matrices. 


Table 4. Ratio of Mean Proposed to Mean 
Actual Prices 1985—86 


Small Medium Large Jumbo Colossal 


0.88 0.74 1.12 0.62 0.43 
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Large Jumbo Colossal 

16.4 ~2.9 ~59.6 

141.5 556.2 —398.2 
Conclusions 


This paper has shown that state-space models 
can be used to predict the cyclical patterns pres- 
ent in the supply and demand functions of many 
agricultural products. State-space models are 
well-suited to such problems because they can 
model both the alternate bearing phenomenon 
on the supply side and any seasonal fluctuations 
in demand. Such techniques may prove useful 
to a number of agricultural industries, as many 
tree crops exhibit an alternate bearing pattern in 
their production of fruit or nuts. An augmen- 
tation of the state-space model which allows it 
to be analyzed in the well-known linear-qua- 
dratic control framework while properly pre- 
serving the dynamics of the system was devel- 
oped. This allows the state-space models to be 
used in control problems with known analytical 
solutions, avoiding the need for complex itera- 
tive algorithms. As an example, it was shown 
that state-space models can be applied to the 
problem of selecting cross-year inventory levels 
for agricultural crops with alternative bearing 
patterns. 

In the applications presented here, policy con- 
clusions were drawn related to the industry’s 
pricing policies. It appears that fairly large 
changes in both relative and absolute prices are 
needed if the industry wants to avoid building 
up a sizable permanent inventory. Such a per- 
manent carry-over of stocks is becoming a fea- 
ture of the industry. Finally, although the model 
was solved as a closed-loop control problem, over 
the twenty-four months of the control simulation 
there were no errors to feed back into the model. 
If such a model were actually employed, the re- 
sults should improve since any exogenous shocks 
could be incorporated into the solutions. 


[Received July 1989; final revision received 
October 1990.] 
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Perennial Crop Supply Response: 
A Kalman Filter Approach 


Keith C. Knapp and Kazim Konyar 


A state-space model for perennial crop supply response is developed. New plantings 
and removals depend on the existing age structure of the crop and expected values for 
future prices and other exogenous variables. Acreage in individual age categories 
evolves depending upon existing acreage, new plantings, and removals. The Kalman 
filter and an iterative parameter search provide maximum-likelihood estimates of the 
unknown parameters and age group acreages from observed data on total acreage and 
production. An empirical application for alfalfa shows that existing acreage has 
differential impacts on new plantings and removals depending upon age. 


Key words: Kalman filter, perennial crops, state space models, supply. 


A significant literature has developed on the es- 
timation of perennial crop supply response. A 
number of studies are based on single-equation 
regression models for either aggregate output, 
aggregate acreage, or changes in these vari- 
ables. Akiyama and Trivedi provide a review. 
This approach is limited because decisions on 
new plantings and removals depend on existing 
acreage in the various age categories, as well as 
existing total acreage and expectations about fu- 
ture prices, yields, and other variables. In ad- 
dition, the structural models used to derive the 
reduced-form estimating equations typically as- 
sume desired levels of acreage or output as a 
function of prices and a partial adjustment or 
stock adjustment model to determine investment 
or changes in acreage or output. With stable 
prices and other exogenous variables and an ad- 
justment coefficient between zero and one, this 
implies convergence to a steady-state or long- 
run equilibrium, which need not be the case for 
perennial crops (Knapp). 

Several studies have provided separate esti- 
mates of new planting and removal equations 
which account, at least in part, for age distri- 
bution effects. These include French and Bres- 
sler for lemons: Arak for coffee; Alston, Free- 
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bairn, and Quilkey for oranges; French, King, 
and Minami for cling peaches; Akiyama and 
Trivedi for tea; and Hartley, Nerlove, and Pe- 
ters for rubber. However, these studies utilize 
data on new plantings, removals, and age dis- 
tribution which are not generally available for 
most crops in most regions. Bellman and Hart- 
ley propose an approach utilizing “neoclassical 
econometrics,” but no empirical estimates are 
given. Knapp investigates a normative model for 
alfalfa. 

For many perennial crops there is limited or 
no data on new plantings area, removals, and 
area in individual age groups. Thus, the prob- 
lem remains of econometrically estimating pe- 
rennial crop supply response with aggregate 
acreage and production data while still account- 
ing for age-group dynamics in a theoretically 
correct manner. This paper proposes the use of 
state-space models and the Kalman filter to solve 
this problem. State-space models have system 
dynamics with (possibly) unobservable state 
variables and measurement equations relating the 
state variables to observable variables. The Kal- 
man filter generates optimal estimates of the state 
variables and their variance-covariance matrix. 
The perennial crop problem is reformulated here 
as a state-space model, and the Kalman filter is 
used in conjunction with an iterative search to 
generate parameter estimates as well as esti- 
mates of new plantings, removals, and existing 
acreage by age group. An empirical application 
to California alfalfa production is given. 
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Theory 


An individual producer is considered. The pro- 
ducer makes new plantings and removes exist- 
ing acreage to maximize profits over an infinite 
horizon. The model, derived from Knapp, is also 
a simplified version of the model in Bellman and 
Hartley. The following variables are defined: Aj, 
is new plantings, beginning of year f; A; 1s ex- 
isting area of the perennial crop at the beginning 
of year t which will be in the ith year of pro- 
duction during year ź if produced, i = 2, ..., N; 
and R; is the area of the perennial crop in the 
ith year of growth which is removed from pro- 
duction at the beginning of year t, i = 2, ..., 
n. Here n is the maximum number of age cat- 
egories considered. A,, and R; are control vari- 
ables, while Ap, i = 2, ..., n are the state vari- 
ables. 
The age group dynamics are given by 


(1) 


where i = 2, ..., n and R, = 0. Profits from 
the perennial crop depend on the cost of new 
plantings and removals, annual production costs, 
the opportunity cost of land planted to the pe- 
rennial crop, and revenue received. Present value 
of profits is given by 


Aini = A141 ane Rivas 


(2) >. a T (Ai, e.. Aup Rin veg Ran P), 
t=1 


where a@ is the discount factor, P, is a vector of 
prices and other exogenous variables, and 7 de- 
notes annual profits as a function of acreage, 
removals, and prices. The producer’s problem 
is to maximize (2) subject to (1) and nonnega- 
tivity conditions on the variables. 

This is a dynamic programming problem. Un- 
der appropriate assumptions about 7, an optimal 
value function J, exists for each year which gives 
the present value of profits in future years under 
optimal operation: 


(3) JAn- 


= ey a m(A¥,.. 


st 


Ants Pry «+5 Pa) 


Ax, Ri; -> Ria Fs); 


where Až and Rž denote optimal levels of the 
state and control variables; J, is a function of the 
- state variables and depends parametrically on 
prices and other exogenous variables. 

Optimal values for the decision variables in 
each year are chosen to maximize 
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subject to (1) and the nonnegativity conditions. 
Optimal decision rules can then be written as 


(4) T {Áin e. 


Fadlans 


(5) AT = SAna Ae P areia Pe 
(6) Ri ag BilAr 2...3 j Pi ...3 Po) 
for i = 2, ..., n. Thus, the optimal values for 


A,, and R, depend on existing acreage of the crop 
in each age group and future prices. A theoret- 
ical model for perennial crop supply response is 
given by (1), (5), and (6) after specification of 
the appropriate functions.’ 


Empirical Model 


A linear model is specified for empirical esti- 
mation. Observations are assumed to be avail- 
able for total acreage and production of the pe- 
rennial crop and various exogenous variables 
believed to influence crop supply. However, new 
plantings, removals, and acreage by age cate- 
gory are not directly observable. This is the sit- 
uation for many perennial crops. 
New plantings are given by 


= È ah +3 az, +e, 


j= a 


(7) 


where Z;, are exogenous variables, m is the 
number of exogeneous variables, and e; is a 


white-noise error term; Z, = (Zis ...; Zm) in- 


cludes expected values for future prices and other 
exogenous variables. Removals are specified as 


(8) -X C;jAj + > d Zut Sas 


j= a 


where i = 2, ..., n and e; is a white-noise error 
term. Total acreage during year ¢ is then 


! The model in this section of the paper implicitly assumes that 
future values of prices (and other exogenous variables) are either 
known with certainty or that the conditions implying certainty 
equivalenze are met. Neither of these assumptions is likely to be 
completely true in practice. The impiication is that the optimal de- 
cision rules for new plantings and removals [eqs. (5), (6) in the 
text] depend parametrically on all moments of the probability dis- 
tribution for future prices and other exogenous variables and not 
just the expected values as implied in the text. In the ensuing em- 
pirical analysis, we follow most studies in empirical agricultural 
supply response analysis and consider only the expected values of 
price and other exogenous variables, while acknowledging that a 
more complete empirical analysis would include higher moments 
as well. 
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(9) A, = >) (Ar — Ry) + ef, 
i= 1 


where ef iS again a white-noise error term. 
Equation (9) assumes that total acreage (A,) is 
subject to measurement error. Total production 
is given by 


(10) Q= >) yilAu — Ri) + ef, 
i=] 


where yy 1s crop yield for age-category i in year 
t. The y, are assumed to be known coefficients; 
e? is also a white-noise error term which is in- 
dependent of ef, ef, and €p- 

The complete empirical model is equations (1) 
and (7)—(10). The coefficients to be estimated 
are a;, bj, c;;, d;;, and the covariance matrices 
for the error term vectors (ef, e7) and (ef, é;,). 
Given estimates of these coefficients and the ex- 
pected values and variance-covariance matrix for 
Aio and R, then estimates of A, and Ry, t = 
1, ..., T, can also be constructed. These esti- 
mations are carried out by recasting the model 
in state-space form and using a Kalman filter 
combined with an iterative search over the pa- 
rameters. This procedure is described in the’ next 
section. 


Estimation Procedure 


The perennial crop empirical model defined by 
equations (1) and (7)—(10) is first recast in state- 
space form. Substituting (1) into (7) and (8) gives 


(11) : ” 
Ay, = ` Q;{Aj—i 4-1 rs Rj-1.-1) + pa BZ; + er, 
j=} 


j=2 


(12) | 
Ry = ` Cij(Ajmiy—1 ~ Rj-1,-1) + b dijZji + Ew 
j=} 


j=2 


where i = 2, ..., n. In (11) and (12) the Z;, are 
exogenous variables with known values; how- 
ever, the coefficients b; and d;; are unknown pa- 
rameters. In the state-space model, b, and d;; can 
therefore be treated as state variables with sys- 
tem dynamics given by 

(13) b;, = b; s- and 

(14) dij, = diji» 


where i = 2, ..., n andj = 1, ..., m. Mean 
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values and variance-covariance matrices for the 
initial values of b; and d;; must also be specified. 

The state variables for the empirical model in 
state-space form are A;, i = 1, ..., A, Ry, i = 
Diy, eeni bp] ~ Dans I, aNd yest = 2a 
n,j=1,..., m. The observed variables are A, 
and Q,, = 1, ..., T. The measurement equa- 
tions are (9) and (10), while system dynamics 
are given by equations (11), (1), and (12)-(14). 
The unknown parameters to be estimated in the 
state-space model are a;, c;;, the variance- 
covariance matrices for the error terms, and the 
expectations and variance-covariance matrix for 
the state variables at t = 0. Let this set of un- 
known parameters and initial conditions be de- 
noted U. 

With these equations and variable definitions, 
the model is in state-space form for given values 
of the parameters and initial conditions in U 
(Judge et al.). The Kalman filter can then be 
used to give optimal estimates of the state-space 
state variables and their variance /covariance 
matrix for given values in U, as well as the value 
of the log-likelihood function. Iterations over the 
values of the parameters and initial conditions 
in U are then conducted to find maximum-like- 
lihood estimates for all unknown coefficients. 
Details for the particular empirical application 
considered here are available from the authors 
upon request. 


Data 


The model is applied to alfalfa production in 
California. Alfalfa is typically planted for three 
to four years and then removed from produc- 
tion. Therefore, the empirical model is esti- 
mated with four age groups. The estimations are 
carried out using data from 1945-85. Except 
where noted, data sources are described in Kon- 
yar and Knapp. 

Age-specific yields are required to specify the 
quantity measurement equation (10). Based on 
Knapp, relative yields are defined by Yy = a,y2,, 
i= 1,...,n and (qa, ..., a,) = (.66, 1., .92, 
.84). There has been a significant upward trend 
in California alfalfa yields. A time-series regres- 
sion for the period under consideration gives 


y, = 4.31 + .054*t R= .92, 
(72.76) (21.12) 
where y, denotes the trend in average yield (tons/ 


acre) and ¢statistics are given in parentheses. 
The average expected yield in each period is as- 
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sumed to equal the trend of the average yield in 
that period: 


` Ya/n = Fp 


i=] 


which implicitly defines y„ and hence y; for each 
period ż using the definitions and coefficients 
described above. 

From the theoretical model, new plantings and 
removals depend on existing acreage and ex- 
pected profitability of growing alfalfa. Expected 
profitability depends in turn on expected reve- 
nue from alfalfa minus production costs and the 
opportunity cost of using land for alfalfa pro- 
duction. Prices received for competing crops are 
used here as a surrogate for land opportunity 
costs. The new plantings and removal functions 
are therefore specified as 


4 
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Empirical Results 


Table 1 gives the estimated coefficients for the 
new plantirgs equation (15). The negative age- 
group coefficients in the new plantings equation 
imply that, everything else equal, an increase in 
existing acceage results in a decrease in new 
plantings. This is consistent with a priori ex- 
pectations based on theoretical considerations.” 
Also, both the magnitude (absolute value) and 
statistical ssgnificance of the age-group coeffi- 
cients a; decrease as j increases. Thus, existing 
acreage in older age categories has less influ- 
ence on new plantings than does existing acreage 
in younger age categories. 

The coefcicient for TRALF?# is positive, while 
the coefficients for PCINDX# and CCINDX} are 
negative. Thus, new plantings increase as ex- 
pected grozs revenues from alfalfa production 


(15) Ay = Ss A;(Aj-te-t ~ Rjy-1yp-1) + bi + by TRALF¥ + b- PCINDX# + b, CCINDX# + ef and 


j=2 
4 


(16) Ri = 


jr2 


where 7RALF* is the expected total revenue from 
alfalfa production ($/acre), PCINDX* is the ex- 
pected value for a production cost index, and 
CCINDX? is the expected value of an index for 
the prices of competing crops; TRALF? is fur- 
ther defined as the expected price of alfalfa times 
expected yield, where expected yield is calcu- 
lated from the above regression of alfalfa yields 
on time. 

The main empirical results presented in the 
paper assume naive expectations for prices and 
production costs. Thus, expected alfalfa prices, 
PCINDX* and CCINDX®* just equal their actual 
values lagged one year. PCINDX (1977 = 100) 
is based on U.S. Department of Agriculture 
(USDA) statistics, while CCINDX (1975 = 1.0) 
is constructed by calculating a weighted average 
of prices received for eight California field crops 
and then using 1975 as the base year. A separate 
section also considers quasi-rational expecta- 
tions in the sense of Nerlove, Grether, and Car- 
valho. In this case, expectations are calculated 
from ARIMA models for the individual time se- 
ries. 

Finally, the error terms in the measurement 
and systems equations are assumed to be mu- 
tually independent. This implies that only the 
variances of the individual error terms need to 
be estimated; the covariances are assumed to be 
zero. 


X c(i- — Rj-te-1) + da + dg TRALF# + PCINDX#* + di, CCINDX* + e}, 


increase, as expected production costs decrease, 
or as the expected returns from other crops de- 
crease. These results are also consistent with a 
priori cons.derations. The R? value for the new 
plantings equation is somewhat low (.293) sug- 
gesting that other functional forms or explana- 
tory variab_es could be tried in future work. The 
Durbin-Weison statistic does not suggest the 
presence o= serially correlated error terms. 
Coefficient values for the removal equations 
(16) are alo given in table 1. The age-group 
coefficient: c;; are all positive for i = j and sig- 
nificantly larger in absolute value than the coef- 
ficients c;;. i Æ j, by an order of magnitude or 
more. These results are consistent with biolog- 
ical considerations in growing perennial crops. 
In general, some fraction of existing acreage is 
removed each year because of poor stands, dis- 
ease, or pest damage. Also, the length of time 
alfalfa stards are kept in the ground varies re- 
gionally due to climatic differences. For ex- 
ample, alfa.fa stands may typically last three years 
in the Imperial Valley in California but four years 
in the Central Valley. Thus, holding prices con- 
stant, remcvals in age group j will be positively 


? Imagine ths system is initially at a steady state. If a, > 0, then 
an increase in existing acreage over the steady-state level would 
increase new p-antings and total acrezge would continually increase 
over time. If @ < 0, then an increase in existing acreage decreases 
new plantings and the system can‘ return to a steady state. 
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Table 1. 


Model (naive expectations) 
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Estimated New Plantings and Removals Equations for the Alfalfa Supply Response 





Dependent Variable 


Independent 
Variable Aj R, R; R, 
A, ~ 584 489 x 107 —.184 x 107 —.387 x 107 
(.170)**** (.618 xX 107*)*** (.723 x 107*)#** (.683 x 107*)*** 
A; — 308 375 x 107 304 146 x 107 
(. 156)** (.567 x 10°*)*** (.664 x 107*)*** (.628 Xx 107*)*** 
Ag = 171 — 438 x 107° —.195 x 10°? 297 
(.158) (.574 X 10°*)*** (.672 X 107*)*** (.635 xX 10°*)*** 
Constant 843 ~.451 x 107 —.482 x 107? — 446 x 10° 
(. 150)*** (.545 X 10°°)*** (.638 x 107*)*** (.603 xX 10-*)*** 
TRALF* .729 x 10%” — 946 x 10° —.118 x 10 —~ 532 x 107° 
(.487 x 10°°)* (.177 x 107*)*** (.207 x 107*)*#** (.196 x 107%)*** 
PCINDX* —.125 x 10° .123 x 1074 .187 x 107° 596 x 1075 
x 10°? 466 X 107°)*** ; x 107°)*** : —6) 2% 
CCINDX* o aa 397 x 107 “372 x 10°? “158 x 10 
f (.159)** (.577 X 10°4)*** (.676 xX 107*)*** (.638 X 1074)*** 
R 293 .999 -999 .999 
D-w? 1.78 2:5 2.65 172 


Note: Results are from the OLS regressions in the last iteration of the iterative KF/OLS algorithm. 
* Standard deviations of the estimated coefficients are in parentheses; single, double, and triple asterisks denote significance at the 10%, 


5%, and 1% levels, respectively. 
Y D-W is the Durbin-Watson statistic. 


related to, and most strongly affected by, ex- 
isting acreage in the same age group. 

The results in table 1 also show that removals 
decrease as expected alfalfa gross revenues in- 
crease and increase as expected production costs 
and returns from competing crops increase. All 
coefficient values in the removal equations are 
significant at the 1% level, the R? values are quite 
high, and the Durbin-Watson statistics are not 
suggestive of serial correlation in the error terms. 

Figure 1 shows estimated new plantings and 
removals of age categories 2 and 3 from the KF 
smoother recursions. Estimated new plantings 
exhibit considerable variability. Removals of 
second-year acreage are almost constant; re- 
movals of third-year acreage exhibit somewhat 
greater variability. Estimated values for year 4 
removals (not reported) are somewhat lower on 
average than year 3 removals and exhibit a 
slightly lower range of variation. Time-series 
plots for acreage in age categories 2—4 (also not 
reported) are qualitatively similar to the time- 
series plot for new plantings in figure 1 after a 
suitable number of lags. Because removals are 
positive, acreage in each age category is some- 
what less than acreage in the previous age cat- 
egory, and this also tends to dampen the ob- 
served variability over time. 

The observed variables in this analysis (other 
than exogenous variables) are assumed to be al- 
falfa production and total acreage in California. 


Fitted values for A; and R; are calculated from 
equations (1) and (15)—-(16) with the error terms 
set to zero and where estimated values from the 
Kalman filter smoother recursions are used for 
the unobserved acreage and removal variables 
on the right-hand side of these equations. The 
fitted values for A, and R; are used to calculate 
fitted production and total acreage, and these are 
plotted in figure 2 along with actual values. This 
procedure is analogous to computing fitted val- 
ues for ordinary least squares (OLS) regres- 
sions. 

Fitted production tracks actual alfalfa produc- 
tion quite well, with significant deviations in only 
a few years. The model tracks total alfalfa acreage 
somewhat less well. Although the fitted results 
follow the overall observed trends in actual areas, 
there are significant deviations in several years. 
These results correspond with the estimated 
standard deviations of the error terms for the 
measurement equations. For production, the es- 
timated standard deviation of ef is 9.8 x 107° 
tons and the standard deviation of e“ is 4 x 10t 
acres. (Note that both standard deviations are 
relatively low in comparison to an average total 
alfalfa area of 1.1 X 10° acres and yield of 5.4 
tons/acre over the period 1945—85.) 

Long-run equilibrium or steady state occurs 
for values of A; and R; which, once achieved, 
are maintained indefinitely for given values of 
the exogenous variables. Long-run equilibrium 
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Figure 1. Time-series plots for estimated new alfalfa plantings in California (41), and re- 


movals in age-categories 2 (R2) and 3 (R3) 


values for A, and R; can be calculated from 
equations (1) and (15)—(16) after dropping the 
time indices. This constitutes a system of seven 
equations in seven variables (noting that R; = 
0), which was solved using Mathematica (Wolf- 
ram) to obtain steady-state values of A; and R; 
as functions of the exogeneous variables. Total 
alfalfa acreage in long-run equilibrium is then 
given by 


(17) A* = 1.32 + 1.17 X 107? TRALF* 
— 1.99 x 10°? PCINDX* — .512 CCINDX* 


for the estimated parameter values in table 1. 
Using 1983—85 average values for the exoge- 
nous variables, long-run equilibrium total acreage 
is estimated as 1.08 million acres which is quite 
close to the average of 1.1 million acres over 
the period 1945-85. 

Price elasticities are reported in table 2 for 
quantity supplied in the California alfalfa mar- 
ket. Short-run (1 year) elasticities are calculated 
from equation (9) after substituting in the esti- 


mated equations (15)—(16), dropping the error 
term, and using 1983—85 average estimated val- 
ues for A, from the KF smoother recursions. 
Long-run elasticities are calculated using equa- 
tion (17). All calculations are based on 1983— 
85 average values for prices, yields, and acreage. 
The results suggest that alfalfa supply is inelas- 
tic in both the short and long run. 

Forecasted alfalfa area was calculated under 
alternate initial conditions assuming 1983—85 
average values for yield and the exogenous vari- 
ables. One simulation uses estimated values from 
the KF smoother recursions to specify initial 
(1985) values for A, and Ry. Since 1985, total 
alfalfa acreage is quite close to the long-run 
equilibrium acreage calculated earlier, the cal- 
culated time path is relatively constant; there are 
some minor fluctuations in the early years be- 
cause individual age groups are not at long-run 
equilibrium levels. To further explore the dy- 
namic behavior of the estimated system, a lower 
initial total acreage equal to .4 X 10° acres and 
a higher initial total acreage of 2 X 10° acres 
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Figure 2. Actual (*) and fitted (—) produc- 
tion (a) and acreage (b) for the California al- 
falfa market 


are also considered. In both cases the system 
converges to a long-run equilibrium in approx- 
imately four to five years after some initial fluc- 
tuations about that level. 


Quasi-Rational Expectations 


This section considers quasi-rational expecta- 
tions in the sense of Nerlove, Grether, and Car- 
valho. The authors show (pp. 302-8) that under 
the rational expectations hypothesis, price ex- 
pectations can be represented as an ARIMA 
model with coefficients depending on the coef- 
ficients in the structural model. Quasi-rational 
expectations then consist of estimating ARIMA 


Table 2. Price-Elasticities of California Al- 
falfa Quantity Supplied (naive expectations) 


Alfalfa 

Price* PCINDX* CCINDX* 
One-year Al i +36 
Long-run .61 — 29 — 54 


Elasticities calculated at 1983~85 average price, yield and acreage 
levels. 
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models for the price expectations but ignoring 
the cross-equation parameter restrictions and then 
using predicted values from the ARIMA models 
for expected price. 

Quasi-rational expectations are implemented 
in this study as follows. First, standard time- 
series methods (Shumway) are used to identify 
the following models: 


log alfalfa price: ARIMA (2, 2, 0) 
log PCINDX: ARIMA (0, 2, 2) 
log CCINDX: ARIMA (0, 1, 1) 


where the entire data series 1945—85 is used in 
the identification process. Second, for each year 
t from 1955 to 1985, the above ARIMA models 
are estimated using data from 1945 to year t — 
1, and forecasts generated for years s, s = t, 
..., t + 3. The four-year average is then used 
to specify TRALF}#, PCINDX*, and CCINDX} 
in equations (15) and (16). Finally, the un- 
known parameters and acreage and removal 
variables are estimated as before, except that the 
estimation is carried out for the years 1955-85 
instead of 1945—85 under naive expectations. 

Table 3 gives the estimated coefficients for 
the new plantings and removal equations under 
quasi-rational expectations. The signs of the es- 
timated coefficients in table 3 are roughly com- 
parable to those under naive expectations (table 
1). Exceptions are the signs for some age group 
coefficients in the removal equations and the signs 
for CCINDX* in the new plantings equation and 
the removal equations for age groups 2 and 3. 
In particular, an increase in the price of com- 
peting crops under the quasi-rational expecta- 
tions hypothesis implies an increase in new 
plantings. area in contrast to what might be ex- 
pected a priori. The estimated coefficients under 
quasi-rational expectations are roughly compa- 
rable in order of magnitude to the estimated 
coefficients under naive expectations. Other than. 
that, the most notable differences are higher age- 
group coefficients and lower TRALF* coeffi- 
cients (in absolute value) under quasi-rational 
expectations. 

Table 4 gives the price elasticities for Cali- 
fornia alfalfa supply under quasi-rational expec- 
tations. Here the own-price elasticity is implau- 
sibly low (3% in both the short and long run). 
The production cost elasticities are quite close 
to those under naive expectations. The elasticity 
of competing crop prices is positive in contrast 
to both the results under naive expectations and 
a priori reasoning. Long-run equilibrium acreage 
is calculated as 1.04 million acres, which is 
slightly lower than estimated under naive ex- 
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Table 3. Estimated New Plantings and Removal Equations for the Alfalfa Supply Response 
Model (quasi-rational expectations) 





Dependent Variable 


Independent 
Variable A, R, = - 
A2 —~ 637 58 x 10°! 39 x 10°? 35 x 10°? 
(.107)***" (.1 x 10°7)*** (.12 X 1073)*** (.1 X 1073)*#* 
A3 —~ 738 56 X 107 54 x 107! 39 x 10°? 
(.102)*** (.96 x 107*)*** (.1 X 1077)*** (.1 x 1073)*** 
A4 —.66 .28 X 107? 53 x 103 30 
(.097)*** (.9 x 10°4)*** (.1 x 10-3y*** (.98 x 1074) *** 
Constant .994 ~.152 x 10°! —.72 X 107? —.53 x 107? 
(.086)*** (.8 X 107*)*** (.98 x 10°*)*** (.9 X 1074)*** 
TRALF* .40 x 1074 —.34 x 10° —.32 x 10°5 —.36 x 10% 
(.64 x 107%) (.6 X 10°7)*** (.7 X 10°7)*** (.6 X 1077)*** 
PCINDX* ~.16 x 10°? 1x 10% ll x 1074 li x 1074 
(.256 x 107>)*** (.24 x 10° S)*** (.3 x 10°75) *** (.26 x 1076)*** 
CCINDX* 865 x 10°! 115 X 107? —.53 x 10° 99 x 103 
(.0453)** (.43 x 10°*)*** (.5 X 10°4)*** (.46 X 107*)*** 
Eoo .77 .99 .99 .99 
D-W* 1.61 2.15 3.1 2.5 


Note: Results are from the OLS regressions in the last iteration of the iterative KF/OLS algorithm. 
* Standard deviations of the estimated coefficients are in parentheses; single, double, and triple asterisks denote significance at the 10%, 


5%, and 1% levels, respectively. 
> D-W is the Durbin-Watson statistic. 


Table 4. Price-Elasticities of California Al- 
falfa Quantity Supplied (quasi-rational ex- 
pectations) 


Alfalfa 

Price* PCINDX* CCINDX* 
One-year .03 —,25 09 
Long-run .03 — 29 il 


Note: Elasticities calculated at 1983-85 average price, yield, and 
acreage levels. 


pectations. Forecasted acreage was also esti- 
mated for the period 1986~—2025 under the same 
initial conditions and values as before. As with 
naive expectations, total alfalfa acreage under 
quasi-rational expectations exhibits a damped 
cycle with eventual convergence to a long-run 
equilibrium. However, convergence to long-run 
equilibrium takes noticeably longer (10—20 years) 
with supply response estimated under quasi- 
rational expectations, even assuming constant 
expected prices and costs during the forecast pe- 
riod. 


Conclusions 


Previous econometric studies of perennial crop 
supply response have been based on OLS esti- 
mates of single-equation, reduced-form regres- 
sions for aggregate output or acreage, or OLS 


estimates of individual new planting /removal 
equations. The first approach does not ade- 
quately account for age-distribution impacts on 
new plantings and removals, while the second 
approach requires detailed data which are not 
always available. A state-space approach using 
the Kalman filter is proposed here. The struc- 
tural model includes age-distribution effects and 
separate new planting, removal, and age-group 
dynamics. Both parameter and age-group acreage 
estimates are obtained from data on total acreage, 
production, and prices. 

The model is applied to alfalfa production in 
California. Under naive price and cost expec- 
tations, the estimated model provides a reason- 
able fit to the data. The correct signs were ob- 
tained and the price coefficients are generally 
statistically significant. Estimated long-run 
equilibrium is close to average acreage over the 
sample period. The results suggest that alfalfa 
supply is inelastic in both the short- and long- 
run. Total acreage converges to long-run equi- 
librium under constant prices, but with some 
overshooting. The model was also estimated as- 
suming quasi-rational expectations. The esti- 
mated coefficients are generally comparable in 
sign and order of magnitude to those under na- 
ive expectations. However, the own-price sup- 
ply elasticity is much less than that under naive 
expectations, and the elasticity with respect to 
competing crop prices is positive. In general, 
the results here under naive expectations seem 
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more consistent with a priori considerations than 
those under quasi-rational expectations. 

Age-structured models arise naturally in many 
areas of natural resource economics (Wilen). 
Examples include fisheries, forests, and wildlife 
herds. In many instances births and/or deaths 
may depend on the age~structure of the popu- 
lation; thus, accounting for age-structure is nec- 
essary for obtaining accurate theoretical and em- 
pirical models. Age-structured models also arise 
in other areas of economics, such as capital the- 
ory. In a given industry, for example, existing 
Capital may be quite heterogenous with respect 
to age. Investment in new equipment therefore 
depends, in part, on the age-distribution of the 
existing capital stock. Economic models which 
explicitly account for the age distribution of 
physical and biological capital stocks are rela- 
tively scarce. This is due in part to difficulties 
in analyzing such models theoretically (e.g., 
Cushing) and in part to difficulties in obtaining 
age-specific data to conduct empirical analysis. 
Thus, although the focus of this paper is peren- 
nial crops, the method can also be applied to 
estimate age-structured models in other areas of 
economics when only age-aggregated data is 
available.’ Current limitations on the use of this 
method include lack of generally applicable al- 
gorithms for state estimation in nonlinear models 
and parameter estimation in both linear and non- 
linear models. 


[Received April 1989; final revision received 
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Measuring the Potential Contribution 
of Plant Breeding to Crop Yields: 
Flue-Cured Tobacco, 1954—87 


Bruce A. Babcock and William E. Foster 


Measurements are made of plant breeders’ success in increasing potential flue-cured 
tobacco yields from 1954 to 1987 in North Carolina. Nongenetic sources of yield 
increases are measured by the yield levels of a standard variety. New genetic material 
accounted for between 20% and 35% of yield increases on research station plots in the 
three tobacco-growing regions. Recent genetic contributions have been small. The 
slowdown is not attributable to a federal tobacco policy shift in 1965 that slowed the 
growth in grower yields. There is also no evidence that tobazco breeders increased their 
output in response to the Plant Variety Protection Act of 1970. 


Key words: plant breeding, Plant Variety Protection Act, technical change, tobacco. 


This paper measures the potential contribution 
of new genetic material to changes in the per- 
acre yields of North Carolina flue-cured tobacco 
between 1954 and 1987. The methodology is 
generalizable to crops where research station data 
exist regarding the cultivation of new plant va- 
rieties. For agricultural commodities, genetic 
sources of technical advance occur as new va- 
rieties, or cultivars, are produced by private and 
public plant breeders. Nongenetic sources of 
technical advance include new production or 
cultural practices, such as mechanization, fer- 
tilization, pest control, and irrigation. 

Yields of new tobacco varieties, obtained from 
university research station data, are used to con- 
struct objective measures of tobacco yield in- 
creases due to plant-breeding activities. One im- 
portant issue motivating this analysis is the 
contribution of research to observed yields of 
commercial tobacco farms. Therefore, a critical 
aspect in measuring genetic contribution is the 
choice of a research-station yield measure that 
is realistic in terms of grower behavior. For many 
crops the highest yielding varieties may not be 
adopted by growers because of the importance 
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of quality attributes. This is the case with to- 
bacco because of a negative relationship be- 
tween yields and beneficial leaf chemistry char- 
acteristics. Accordingly, this study bases its 
measure of genetic contribution on the yield lev- 
els of varieties that would maximize: grower re- 
turns, in contrast to basing the contribution on 
average yield levels of new varieties, or on 
maximum yields of new varieties. 

The use of research station data limits our 
ability to understand the ultimate effects of new 
plant varieties. The foremost limitation is that 
the adoption decision of farmers cannot be con- 
sidered. Thus, measures of technical change from 
research station data can, at best, be interpreted 
as potential technical change. In addition, be- ` 
cause the data are not generated in response to 
the same economic incentives faced by growers, 
the response of grower yields to changes in in- 
put use cannot be measured. 

These limitations, however, are balanced by 
two benefits. First, because this study offers 
measures of genetic contribution that are inde- 
pendent of farmer adoption rates, the success of 
research and development in providing potential 
technical advances can be tested. This is in con- 
trast to those measures derived from rates of 
cultivation of hybrid varieties (e.g., Heady and 
Auer, Guise). In addition, simultaneity, caused 
by the endogeneity of adoption rates, is avoided. 

Besides the general question of measuring ge- 
netic and nongenetic contributions to tobacco 
yields, this paper addresses three specific is- 
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sues. First, by taking advantage of data from 
several research stations, the analysis can test 
how contributions of new technology differ across 
geographic regions. Previous studies of techni- 
cal change on corn (Offut, Garcia, and Pinar) 
and wheat (Feyerhern, Paulsen, and Sebaugh) 
indicate that regional differences can be signif- 
icant. 

Second, the analysis allows a test of the de- 
gree to which research and development of new 
tobacco varieties was influenced by a significant 
change in economic incentives facing tobacco 
growers brought about by a change in federal 
tobacco policy in 1965. Prior to the policy 
change, supply was restricted through acreage 
controls; after the change, supply was restricted 
by marketing quotas (Grise and Griffin). This 
change in grower incentives altered actual grower 
yields (Foster and Babcock). Induced innova- 
tion theory (e.g., Binswanger and Ruttan) sug- 
gests that technical change is influenced by eco- 
nomic variables at the farmer level, but the 
relative importance to research of variations in 
farmer incentives is in question. 

Third, the analysis allows a test of the influ- 
ence on new variety yields resulting from a 
change in direct incentives facing plant breeders 
brought about by the Plant Variety Protection 
Act of 1970 (PVPA). The PVPA increased the 
ability of plant breeders to appropriate the social 
gains from new varieties, thus increasing the in- 
centives for breeders, especially private firms, 
to invest in research and development (Perrin 
and Foster): PVPA effects on private versus 
public breeding efforts are difficult to distin- 
guish, but in this analysis the distinction is of 
limited importance because new varieties typi- 
cally result from private effort.’ 


Modeling Technological Contributions 
to Yield 


The use of different amounts and types of pro- 
duction inputs and new production technolo- 
gies, and the development of new varieties have 
both contributed to increased yield levels over 
time. Disaggregating the contribution of genetic 


' As reported by Bowman et al. (table 1, p. 31) of the 105 new 
cultivars released between 1954 and 1981, 27 were products of public 
breeding efforts. The most popular varieties with growers were those 
developed by private firms. For example, in 1989 only one publicly 
developed flue-cured variety, NC-60, is recorded by county exten- 
sion agents as being planted in North Carolina, and this variety 
accounted for only 3% of plantings (Peedin, Smith, and Yelverton, 
p. 5). 
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improvements to yields requires observations of 
the effects of changing production practices on 
a standard crop variety.“ Yields of standard va- 
rieties will change from year to year in response 
to exogenous shocks, (e.g., weather-related 
variables), and in response to changes in pro- 
duction practices. The yield of new varieties will 
change in response to the same exogenous shocks 
and changes in production practices, as well as 
to changes in genetic makeup. 

Generally, one can represent the yield of the 
standard variety (Y,) and new variety (Y,) as Y; 
= Y(t, W) (i = s, n). The time index tf repre- 
sents the systematic influence on yield of tech- 
nical innovations, both genetic and nongenetic, 
and changes in W represent all other exogenous 
influences on yields. Genetic changes do not af- 
fect the yield of the standard variety; therefore, 
the influence of nongenetic technical change on 
standard variety yields may be represented by 
dY,/at. Estimates of ðY,/ðt also represent the 
total contributions of nongenetic innovations to 
increased yields of new varieties. Therefore, the 
contribution of genetic innovations to increased 
yields can be obtained by subtracting the non- 
genetic contribution to the standard variety from 
the total contribution of technical change to new 
varieties.” 

Regional differences may affect the potential 
contribution of both nongenetic and genetic 
technical change to commodity yields. Region- 
specific production practices reflect differing 
climatic and soil conditions. Official variety tests 
conducted at North Carolina tobacco research 
stations explicitly recognize these differences. 
While the same varieties are tested across re- 
gions, the production techniques used at the re- 
search stations are chosen to approximate the re- 
spective regions’ standard or prevailing practices. 
In addition, the genetic makeup of some new 
varieties may be better suited for one geo- 
graphic area than another. Varietal selection for 
drought resistance, for example, is likely to in- 
crease expected yield levels in drought prone re- 


? The term “standard variety” denotes a cultivar that is used by 
crop scientists to gauge the relative contributions of new tested cul- 
tivars over a period of time. 

? There are two components to genetic contribution to increased 
yields. First, holding all other inputs constant; and, second, allow- 
ing an interaction between the new genetic input and changes in 
other inputs. One cannot separate these two components when data 
reflect an updating of nongenetic technicues. To the grower decid- 
ing on a new variety, and hence to the plant breeder, such a dis- 
tinction may be irrelevant. Indeed, for a given new variety, one 
component may be negative; but, so long as the other component 
is positive and sufficiently large, the variety may be adopted. The 
important question concerns the total yield improvement from the 
new genetic input relative to the yield under the old genetic input. 
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gions more than in regions with regular rainfall 
or greater reliance on irrigation. Thus, both dY,/ 
dr and OY,/dt may differ by region. 


Selecting the New Variety to Represent 
Genetic Contribution 


For most major commodities, private and public 
research tend to produce several new commer- 
cially available varieties in any given year. Ta- 
ble 1 illustrates the average yearly number of 
new flue-cured tobacco varieties over a number 
of periods since 1954. What particular new va- 
riety, or combination of varieties, should be used 
te represent genetic contributions to commodity 
yields? Previous studies, focusing on aggregate 
state-level measures use average yields of new 
varieties in a year (e.g., Bowman et al., Heady 
and Auer). However, other candidates are avail- 
able. Not all new varieties will be adopted; ce- 
teris paribus, lower-yielding varieties will be 
ignored in favor of the highest yielding, imply- 
ing that a measure of new genetic material based 
on average yields of new varieties will tend to 
underestimate the contribution. In addition, sig- 
nificant research breakthroughs may be over- 
looked by using the mean yield in measuring the 
genetic contribution to yields, particularly when 
many varieties are released simultaneously. 

On the other hand, the highest yielding va- 
riety is not necessarily the best representative of 
genetic contribution. Appearance and the ease 
of product marketing can be important charac- 
teristics. In the case of tobacco, a negative re- 
lationship exists between alkaloid concentration 
(a primary determinant of value per pound—in- 
creasing alkaloid concentration increases value) 
and per-acre yields (Matzinger and Mann). If 
the highest yielding variety is~of low quality, 
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returning little per unit output, then it is unlikely 
to be adopted. A more economically justifiable 
measure of genetic contribution is the return- 
maximizing yield of the new variety. 

The profitability of new crop varieties, how- 
ever, is often difficult to determine. Different 
varieties may influence grower costs as well as 
revenues. Gross revenue data based on the gov- 
ernment grades of harvested research station to- 
bacco are collected as part of official variety trials; 
however, data on possible cost differences are 
not typically available at a research station. If 
cost differences between varieties at the grower 
level are minor relative to revenue differences, 
then the yield associated with the highest per- 
acre revenue at the research station is the most 
profitable.* 

The importance of the measure one chooses 
as representing the contribution of genetic ma- 
terial to yield growth varies inversely with the 
correlation between the different measures. If, 
for example, each year’s highest yielding vari- 
ety for each region is also the most profitable, 
then for estimation purposes it does not matter 
what measure one uses. For flue-cured tobacco 
the correlation coefficients between the yields of 
the highest yielding varieties and the yields of 
the varieties with the highest per-acre revenue 
average 0.98 for North Carolina. The correla- 
tion between the average tobacco yields of new 
cultivars and the yields of the cultivars with the 
highest per-acre revenue is not much lower at 
0.95. This high correlation exists because of the 
relatively few number of new varieties released 


* Although cost differences between varieties at research stations 
are negligible, cost differences between varieties for growers, who 
must make the variety-adoption decision, are not necessarily neg- 
ligible. Different production practices might favor the adoption of 
different varieties, and vice versa. However, no evidence of this 
was found, and the assumption appears justifiable. 








Table 1. Summary Statistics of North Carolina Official Variety Trials for Flue-Cured To- 
bacco 
Average Number of Average Yield of Average Annual 

Period. New Cultivars New Cultivars® Standard Deviation? 
1954-59 4.8 1908.5 111.9 
1960-66 4.3 2443.7 178.1 
1967-72 4.0 2512.1 110.7 
1973--77 3.0 2878.8 134.2 
1978--82 3.0 2945.0 104.0 
1983-87 3.2 2840.7 150.4 





Source: Calculated from Department of Crop Science, NCSU. 


* The average yield (pounds per acre) is calculated as the average of all yields o? new varieties from all the reporting research stations. 
* The average standard deviation is calculated in two steps. First, the standard deviation of yields is calculated from the reported yields 
in a given year. Second, these standard deviations are averaged over the years in a given period. 
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each year (table 1). For other major commodi- 
ties, the correlations are likely lower. For ex- 
ample, between 1971 and 1979, soybean breed- 
ers each year produced an average of forty-nine 
varieties subject to official variety trials (Perrin, 
Hunnings, and Ihnen, p. 35). 


Constructing the Standard Variety 


One practical difficulty with using a standard - 


variety 1s that research station tests on a single 
standard variety are rarely carried over all years 
in a sample. A solution is to use overlapping 
control varieties over a subset of the sample 
range. Typically, one standard is recorded si- 
multaneously with another. An initial variety is 
dropped from experimental trials while a second 
continues, later to be joined by a third, and so 
on. Using correlations of standard varieties dur- 
ing overlap periods, predictive equations can be 
estimated to construct a common, synthetic (1.e., 
hypothetical) standard variety over the entire pe- 
riod. 


Flue-Cured Tobacco Data 


In 1954, North Carolina State University began 
its Official Flue-Cured Tobacco Cultivar Vari- 
ety Trials (NC OVT). An agreement among 
growers, seed companies, and manufacturers 
specifies that only varieties tested in the NC OVT 
shall be released for commercial sale in North 
Carolina. The data generated by the trials there- 
fore give a comprehensive documentation of the 
changes in flue-cured tobacco yields since 1954. 
The trials are conducted at several tobacco re- 
search stations representing the major growing 
“belts” in the state. The data are reported an- 
nually prior to the next tobacco planting (Mea- 
sured Crop Performance: Tobacco). Monthly 


> Data from the Border Belt Tobacco Research Station are avail- 


able every year since 1954. The Eastern Belt is represented by the ` 


Upper Coastal Plain Research Station with data from 1954 to 1987, 
with the exception of 1969; by- the Lower Coastal Plain Research 
Station from 1967 to 1987, with the exception of 1973, 1983, and 
1985; and by the Central Crop Research Station from 1956 to 1965, 
with the exception of 1961. The Old and Middle Belts are repre- 
sented by the Upper Piedmont Tobacco Research Station from 1954 
to 1987, except for 1984 and 1986; and by the Oxford Tobacco 
Research Station from 1955 to 1987, except for 1962, 1972, 1975, 
1979, and 1982. Missing data are the result of complete or major 
crop failures caused by severe weather or disease infestations. This 
study combines the Old and Middle Belts into one region that will 
be called the Old Belt. The practical reason for doing this is the 
number of missing observations from the research stations in these 
two belts. A justification for combining the two is that the two belts 
have similar soil and climate characteristics. 
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rainfall and irrigation levels at each station are 
recorded; the weather variables used in this study 
are the sum of the two. The averages of research 
station yields within each belt are the basic units 
of observation. 

The standard varieties grown since 1954 are 
Hicks from 1954 to 1969, NC 95 from 1961 to 
the present, and NC 2326 from 1964 to the pres- 
ent. To measure the change in yields from non- 
genetic innovations over the entire sample range 
requires addressing the change from Hicks to NC 
95.° A functional relationship between the two 
standard varieties was estimated to predict the 
yield of NC 95 from 1954 to 1960 if it had been 
grown. Yield observations of NC 95 at each sta- 
tion were regressed on the yield of Hicks and 
station-specific rainfall variables from 1961 to 
1969. (R? = 0.92.) Yield differences between 
belts were accounted for by estimating belt-spe- 
cific intercept terms. Predicted NC 95 values for 
the three belts from 1954 to 1960 were obtained 
by applying the estimated coefficients from the 
OLS regression to observed yields of Hicks and 
the rainfall variables in those years. These pre- 
dicted values for NC 95 were added to the series 
of observed average NC 95 values from 1961 to 
1987 to obtain a standardized variety over the 
entire sample period for each belt. 

Numerous advanced breeding lines and com- 
mercially available varieties are tested at each 
research station every year. New varieties are 
released for commercial sale after being tested 
for one year as a commercial variety. The po- 
tential contribution of new cultivars to com- 
mercial yield increases can be estimated by ob- 
serving trial yields of new varieties. The number 
of new varieties released ranges from zero in 
1963 and 1968 to eleven in 1954. The results 
presented in this paper are conditional on the 
new varieties meeting some minimum accept- 
able quality standard in the 1950s and early 
1960s.’ Beginning in 1964 these minimum stan- 
dards became formalized in the Minimum Stan- 


é NC 95 is chosen as the standard variety over NC 2326 because 
of more years of overlap with observations of Hicks. 

7 In measuring the contribution of new genetic material to yield 
increases, three notable varieties were eliminated from the sample. 
The three are Coker 139 and Coker 140, released in 1954, and 
Dixie Bright 244, released in 1955. These varieties (especially Coker 
139) had significantly higher yields, were significantly easier to 
cure and handle at harvest time, but they produced significantly 
lower levels of nicotine and other alkaloids compared to other va- 
rieties. Because the tobacco program in the 1950s paid farmers for 
all production on their acreage allotment (Grise and Griffin), more 
than 85% of the crop in 1955 and 1956 was planted to these high- 
yielding varieties (personal communicatien with Furney Todd, re- 
tired professor of agronomy, North Carolina State University). To 
discourage the production of low quality tobacco, ASCS withdrew 
price supports for these varieties. 
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dards Program, and all varieties presently re- 
leased for commercial sale in North Carolina meet 
these quality standards. 


Results 


This section presents estimates of nongenetic and 
genetic contributions to yield growth. First, yields 
(Ibs. /acre) of the standard and new varieties are 
regressed against weather variables and time us- 
ing data from three regional research stations. 
Differential effects of nongenetic technical change 
across regions are tested. Second, the contri- 
bution of genetic change is estimated by re- 
gressing the log of the ratio of new varieties to 
the standard variety against weather variables and 
time. Tests are made for the differential effects 
of genetic technical change across regions. Third, 
the hypothesis that the genetic contribution to 
yield growth rates of new varieties slowed be- 
cause of a change in federal tobacco policy is 
tested. And finally, the hypothesis that the ge- 
netic contribution to yield growth rates of new 
varicties was altered by the Plant Variety Pro- 
tection Act is tested. 


Regression Results 


As described in the first section, the contribu- 
tion of genetics to yield growth is the additional 
yield growth of newly released varieties over the 
yield growth of a standard, in this case NC 95. 
Two possible measures of the breeder-contrib- 
uted additional yield growth for use in regres- 
sion analysis are a simple difference between the 
new variety yields and NC 95, and the log of 
the ratio of the two yields. The appropriate mea- 
sure depends on the functional forms explaining 
the yields of the standard and new varieties. If 
yields are linear in the included variables with 
an additive error term, then the yield difference 
between NC 95 and the new varieties is an ap- 
propriate measure of genetic contribution. If the 
functional forms for the yield equations have a 
multiplicative error structure, then the log of the 
ratio is appropriate. A log functional form was 
considered more appropriate after diagnostic tests 
revealed the presence of heteroscedasticity when 
strict linearity was assumed. Results reported here 
are for the loglinear case, where the log of yields 
is regressed against weather variables and the 
log of the time index.® 


Ë The quantitative results for the loglinear case (log-yield against 
log-time) and the semilog case (log-yieid against simple time) are 
similar. 
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For each of the three regions, the following 
equations were used to estimate the nongenetic 
contribution to growth in tobacco yields: 


Y sii =e Ksr + f(t) cE Wp sr F Esrt 


Ynrt = krr + 8(t) T WBrr + 


where y,,, and y,,, represent annual yields (in log 
pounds per acre) of the standard (s) and new 
varieties (n) in region r (r = Eastern, Old, and 
Border Belts) and year tf; k,, and k,, are constant 
terms specific to variety and region; f-(f) and g, 
are quadratic functions of time (t = 1, 2,3, ...); 
W,, represents a vector of June, J uly, and Au 
gust rainfall (in inches); and €, and Enn repre- 
sent possibly contemporaneously correlated er- 
rors. 

The results are presented in table 2. The set 
of equations was estimated as seemingly unre- 
lated because the null hypothesis of no contem- 
poraneous correlation between the error terms of 
the six equations was rejected at the 1% confi- 
dence level. Alf the coefficients on time are pos- 
itive and significantly different from zero. In 
addition, seventeen of the eighteen rainfall coef- 
ficients are negative.” 


Enrts 


Testing for Differential Effects of Technical 
Change 


A differential effect of nongenetic technological 
change across regions was tested by restricting 
the estimated coefficients relating time to the 
yields of NC 95 to be the same across, the three 
regions. The null hypothesis that the effects are 
equal can be rejected at a 1% confidence level 
with a calculated F-statistic of 5.83 with 2 and 
162 degrees of freedom. Thus, the evidence 
suggests that nongenetic technological progress 
has had a differential impact on the three grow- 
ing regions. 

Given the log-linear functional forms, the 
contribution over time of new genetic material 
can be obtained by regressing the log of the ratio 
of the yield of new varieties to the yield of NC 
95 on the log of time and rainfall." One equa- 
tion for each of the three growing belts allows 


> Rainfall-squared terms were added to the regressions to account 
for probable positive, but decreasing, returns from rainfall at low 
levels of rainfall. The contribution of these terms was negligible, 
perhaps because of irrigation practices at the research stations in 
drought years. 

'0 The hypothesis of an identical response of NC 95 and the new - 
varieties to the rainfall variables within each of the regions was 
rejected (F = 3.17 with 9 and 162 degrees of freedom). Thus, the 
rainfall variables are included in the genetic contribution regres- 
sions. 
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Table 2. Estimated Regression Coefficients for the System of Six Yield Equations 





Variables“ Constant T MAY JUNE JULY R? 
Eastern Belt 
New variety 7.725 0.144 —0.0195 —0.0232 — 0.00436 
(71.4)° (6.20) (1.68) (2.17) (0.68) 0.61 
Standard variety 7.734 0.0881 —0.0234 — 0.00663 —0.00126 
(89.2) (4.72) (2.54) (0.78) (0.24) 0.46 
Old Belt 
New variety 7.443 0.212 —0.0255 —0.0194 -0.00123 
: (73.0) (10.9) (2.21) (2.10) (0.13) 0.82 
Standard variety 7.585 0.169 —0.0256 ~0.0296 ~0.00890 
(87.5) (10.4) (2.60) (3.73) (1.15) 0.82 
Border Belt 
New variety 7.671 0.143 0.00034 —0.0152 —0.00052 
(119.) (8.83) (0.28) (2.91) (0.10) 0.77 
Standard variety 7.713 0.105 —0.00210 —0.00641 0.00703 
(129.) (7.09) (1.87) : (1.30) (1.44) 0.70 


* The dependent variables in the regressions are log yields for the standard variety (NC 95) or the new variety series; T is the log of an 
annual time index that T = 1 in 1954; MAY, JUNE, and JULY are inches of rainfall plus inches of applied irrigation water for May, 


June, and July. 


è The absolute value of the estimated s-ratios are given in parentheses. 


for differential rates of genetic change across 
belts. The hypothesis of no contemporaneous 
correlations among the error terms of the equa- 
tions was again rejected, and the three equations 
were run as seemingly unrelated regressions. 
Table 3 first reports the regression results as- 
suming regional differences. The estimated an- 
nual rate of yield increase from the introduction 
of new genetic material for a given year, say fr’, 
is found by taking the derivative of a genetic 
contribution equation with respect to time (i.e., 
ð In [Y,/Y,]/t) and evaluating at year t'. For 


example, in the Eastern Belt for 1965, £? = 17, 
and the growth rate equals ð In [Y,/Y,]/df] = 
0.0556/17 ~ 0.0033. The estimated average 
annual rate of yield increase is found by aver- 
aging the individual growth rates over the sam- 
ple period. The resulting rate of yield increases 
for the period 1954 to 1987 are 0.67% for the 
Eastern Belt, 0.51% for the Old Belt, and 0.47% 
for the Border Belt. A test that these growth rates 
are significantly different across equations can 
be accomplished by restricting the three time 
coefficients to be equal. The calculated F-sta- 


Table 3. Estimated Regression Coefficient Measuring the Contribution of Genetic Material 
to Yields 








Variables* Constant T MAY JUNE JULY R? 
~0,00621 0.0556 0.00362 —0.0166 0.00328 

Eastern Belt (0.01)° (3.20) (0.42) (2.10) (0.69) 0.38 
—0.146 0.0425 0.00140 0.0103 0.00763 

Old Beit (2.25) (3.04) (0.20) (1.83) (1.37) 0.33 
-0.0283 0.0390 0.00252 —0.00983 0.00484 

_ Border Belt (0.55) (2.92) (2.75) (2.45) (1.21) 0.46 

No Regional Yield Growth Differences 

0.0206 0.0445 0.00467 —0,0167 0.00346 

Eastern Belt (0.28) (4.15) (0.55) (2.13) (0.73) 0.38 
—0.151 0.0445 0.00142 0.0103 —0.00745 

Old Belt (2.47) (4.15) (0.20) (1.86) (1.36) 0.33 
— 0.0422 0.0445 0.00259 —0.00974 —0.00465 

Border Belt (0.91) (4.15) (2.90) (2.46) (1.18) 0.45 


* The dependent variables in the regressions are log yields for the standard variety (NC 95) or the new variety series; T is an annual time 
index that T = 1 in 1954; MAY, JUNE, and JULY are inches of rainfall plus inches of applied irrigation water for May, June, and July. 
> The absolute value of the estimated ¢-ratios are given in parentheses. 


856 August 1991 


tistic for testing these restrictions is 0.34, with 
2 and 81 degrees of freedom. In contrast to non- 
genetic change, there is no evidence of a dif- 
ferential impact of genetic research effort across 
the three tobacco growing belts. Table 3 also 
reports the regression results imposing these re- 
strictions. The average annual rate of yield in- 
crease resulting from new genetic material im- 
plied by this restricted regression is approximately 
0.54%. 

The total yield effect from changes in tech- 
nology is the sum of the genetic and the non- 
genetic contributions. The average annual rate 
of increase of NC 95 can be obtained from the 
regression results in table 2. The estimated an- 
nual growth rate for a given year, say f’, is found 
by ô In y,/dt evaluated at t’. The average growth 
rate is found by averaging the individual years’ 
growth rates. The yield of NC 95 grew by av- 
erage annual rates of 1.07% in the Eastern Belt, 
2.05% in the Old Belt, and 1.27% in the Border 
Belt. The percent of average rates of annual yield 


increases attributable to new genetic material is - 


found by dividing the estimated average growth 
rate resulting from new varieties by the sum of 
growth rates from new varieties and nongenetic 
gains. The results are 34% in the Eastern Belt 
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(i.e., .34 = .54/[.54 + 1.07]), 21% in the Old 
Belt, and 30% in the Border Belt. The findings 
here of differential growth rates within a state 
are similar to those of Offutt; Garcia, and Pinar, 
who found that growth rates of corn yields differ 
across crop reporting districts in Illinois. 

Figure | illustrates how these growth rates af- 
fect the yields of the new variety series and NC 
95 in the Eastern Belt. The log of the new va- 
riety yield series is the broken line in figure 1. 
The fitted trend line for this series is taken from 
the coefficients in table 2. The contribution of 
changes in production practices to the yields of 
the new varieties in the Eastern Belt (the lower 
solid line in fig. 1) is found by subtracting the 
contribution of genetic material. This contribu- 
tion was calculated from the restricted regres- 
sion results in table 3. The contribution of ge- 
netics is set to zero in 1954. 


Testing for a Plant-Breeder Response to 
Changed Incentives 


The decline in yield growth rates of both the 
standard variety and the new varieties has sev- 
eral explanations. One is that a “natural” slow- 
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down occurred. A slowdown in the growth rate 
of the yield of NC 95 would appear inevitable 
given a constant stock of genetic material. A 
slowdown in the rate of discovery of new ge- 
netic material would be expected also once all 
the possible combinations of existing genetic 
sources were exhausted. 

On the other hand, if plant breeders are re- 
sponsive to the same economic incentives facing 
grower clientele groups, then the slowdown might 
be explained by the major change in flue-cured 
tobacco policy in 1965. Such a “demand-pull” 
explanation is consistent with the induced in- 
novation literature. In 1965 acreage allotments 
were replaced by poundage controls. Foster and 
Babcock showed that in response to this change 
in federal policy, expected flue-cured tobacco 
yields at the county level decreased and the rate 
of increase of subsequent yields declined. Av- 
erage county-level tobacco yields and the fitted 
trend line from their study are shown in figure 
2. The average of the three new variety series 
from the present analysis are also shown in fig- 
ure 2. A discrete change in the growth rate and/ 
or yield level of new varieties beginning in 1965 
would be consistent with the explanation that re- 


Thousand pounds per acre 
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searchers altered their research goals because of 
the change in federal tobacco policy. 

This hypothesis was tested in the following 
way. Regime changes for years after 1964 ac- 
count for possible time lags due to product de- 
velopment.'' Separate tests were performed for 
shifts in time coefficients and constant terms for 
periods following each year from 1964 to 1978. 
For example, to test whether.or not a regime 
change occurred in the development of new va- 
rieties six years following the policy change, a 
test was made for the inclusion of constant and — 
slope dummies that have the value zero prior to 
1970. 

In the case of an immediate shift in 1965 re- 
sultant from the program change, the F-statistic 
testing the null hypothesis of constant intercepts 
and slopes of the equations measuring the con- 
tribution of genetics is 0.39 with 6 and 75 de- 
grees of freedom. Thus, there is no evidence that 
the change in the tobacco program altered re- 


'! Although it typically takes six to seven years to produce ge- 
netically stable hybrids, a plant breeder usually has several plant 
varieties on hand that might serve as candidates for release, so it 
is not clear how quickly a response by breeders to changed incen- 
tives might be observed. 


3.2 
Three-station new variety average 
2.7 
Expected county-average yields 
2.2 a | À 
IZE a N 
v County-average yields for 
7 10 North Carolina Counties 
1.2 
- 1955 1960 1965 1970 1975 1980 1985 
Year 


Figure 2. A comparison of county-average yields with research station average yields of 
new varieties 
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searchers’ delivery of high-yielding varieties be- 
ginning in 1965. Indeed, for no year between 
1965 and 1978 was the F-statistic testing the null 
hypothesis of constant intercepts and slopes 
greater than 1.13. 

This negative finding should be interpreted with 
care. Even though no slowdown. in the contri- 
bution of genetics could be attributed to the 
change in the tobacco program, a slowdown in 
the cantribution of yield gains relative to quality 
gains could occur. The change from acreage al- 
lotments to poundage quotas increased the in- 
centives for growers to increase the per pound 
value of tobacco. Evidence that researchers 
shifted the mix of yield and quality after the pol- 
icy change would support the hypothesis that 
plant breeders do respond to economic incen- 
tives telt by their clientele. Such a test is beyond 
the scope of this study. 

The data also allow a test whether the Plant 
Variety Protection Act (PVPA) of 1970 altered 
the incentives of tobacco plant breeders similar 
to the effect on soybean breeders beginning in 
1971. No evidence was found that the number 
of new varieties increased as a result of the PVPA 
(see table 1). As shown in figure 2, however, 
the rate of increase of new variety yields in the 
early 1970s appears to have increased. The ba- 
sic model presented in table 2 was reestimated 
eight times allowing for both a shift in the in- 
tercepts and a shift in the coefficients on time 
for eight years after PVPA for the three new va- 
riety equations (Perrin, Hunnings, and Ihnen). 
One year out of eight, 1973, resulted in an F- 
statistic greater than the 5% critical value of 2.16 
with six and 156 degrees of freedom. This evi- 
dence is suggestive, but inconclusive, that a re- 
sponse from plant breeders to the adoption of 
the PVPA may have occurred. 

Higher success rates of plant breeding activ- 
ities after passage of the PVPA would also ap- 
pear as increases in the genetic contribution to 
yield increases. As indicated above, however, 
there is no evidence for a regime change from 
1971 to 1978. This finding illustrates the im- 
portance of accounting for nongenetic sources 
of yield variation when testing for changes in 
the generation of new plant materials. The ef- 
fect of new cultivars should be estimated as a 
net effect, not a gross effect. 


Conclusion 


This paper measures the effect of plant breeding 
and the development of new varieties on yields 
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of North Cacolina flue-cured tobacco. The main 
conclusions are as follows: First, genetic inno- 
vations have contributed between 20% and 35% 
of the yield increases on research station plots 
over the 1954 to 1987 period. Second, recent 
genetic concributions are small, and the slow- 
down is no: attributable to changes in grower 
incentives cused by the federal policy shift from 
land restrictions to marketing restrictions. No 
evidence suzgested that the policy shift, which 
did have a major effect on grower yields, in- 
duced any effective change in new variety re- 
search. Third, nongenetic technical change has 
had differential regional effects, but no regional 
differences in genetic contribution were found. 
And last, the establishment of property rights in 
plant breeding research by the Plant Varieties 
Protection Act has had no discernable effect on 
the development of higher yielding flue-cured 
tobacco var.eties. 


~“ 


[Received November 1989; final revision 
received September 1990.] 


References 


Binswanger, H. P., and V. Ruttan. Induced Innovation. 
Baltimore MD: Johns Hopkins University Press, 1978. 

Bowman, D. T., E. A. Wernsman, T. C. Gorbin, and A. 
G. Tart. “Contribution of Genetics and Production 
Technology to Long-Term Yield and Quality Gains in 
Flue-Cured Tobacco. Tobacco Sci. 28(1984):30~—35. 

Feyerhern, A. M., G. M. Paulsen, and J. L. Sebaugh. 
“Conzsribu-cion of Genetic Improvement to Recent Yield 
Increases in the USA.” Agronomy J. 76(1984):985— 
90. 

Foster, W. E.. and B. A. Babcock. “The Effects of Gov- 
ernment >rograms on Flue-Cured Tobacco Yields.” 
Tobacco sci. 34(1990):4-8. 

Grise, V. N., and K. F. Griffin. The U.S. Tobacco Indus- 
try. WasKington DC: U.S. Department of Agriculture, 
Econ. Res. Serv. Agr. Econ. Rep. No. 589, 1988. 

Guise, J. W. B. “Factors Associated with Variations in the 
Aggregate Average Yield of New Zealand Wheat.” 
Amer. J. Agr. Econ. 51(1969):866-81. 

Heady, E. O. and L. Auer. “Imputation of Production to 
Technolozies.” J. Farm Econ. 48(1966):309—22. 
Matzinger, D F., and T. J. Mann. “Genetic Studies on 

Associations between Nicotine Content and Yield of 
Flue-Cured Tobacco.” Proceedings of the 3rd World 
Tobazco Scientific Conference, Salisbury, Rhodesia 

1963. 

Measured Cros Performance: Tobacco. Dep. Crop Sci. Res 
Rep.. No-th Carolina State University, various years. 

Offutt, S. E., P. Garcia, and M. Pinar. “The Distribution 
of Gains from Technological Advance When Input 
Quality Varies.” Amer. J. Agr. Econ. 69(1987):321— 
27. 

Peedin, G. F., W. D. Smith, and F. H. Yelverton. “Ag- 


Babcock and Foster Tobacco Yields and Plant Breeding 859 


ronomic Production Practices.” Tobacco Information, the American Association for the Advancement of Sci- 

1989. North Carolina State University Agr. Extens. ence, New Orleans, 18 Feb. 1990. 

Serv., 1989. Perrin, R. K., K. A. Hunnings, and L. A. Ihnen. “Some 
Perrin, R. K., and W. E. Foster. “Economic Measures of ‘Effects of the U.S. Plant Variety Protection Act of 

the Effect of Intellectual Property Rights on Plant 1970.” Dep. Econ. and Bus. Res. Rep. No. 46, North 


Breeders.” Paper presented at the annual meetings of Carolina State University, Aug. 1983. 


Using Count Data Models in Travel 
Cost Analysis with Aggregate Data 


Daniel M. Hellerstein 


In order to control for censoring and the integer nature of trip demand, the use of count 
data models in travel cost analysis is attractive. Two such models, the Poisson and 
negative binomial, are discussed. Robust estimation techniques that loosen potentially 
stringent distributional assumptions are also reviewed. For illustrative purposes, several 
count data models are used to estimate a county-level travel cost model using permit 


data from the Boundary Waters Canoe Area. 


Key words: Boundary Waters Canoe Area, count data, negative binomial, Poisson, 


travel cost. 


Estimators of recreational demand models fre- 
quently use continuous functional forms, such 
as ordinary least squares (OLS) on log trans- 
formed variables (e.g., Ziemer, Musser, and 
Hill). However, the nature of trip demand in- 
troduces complicating factors. First, trips occur 
in nonnegative quantities. Failure to control for 
this censoring will lead to biased estimation. 
Second, because trips are available only in in- 
teger quantities, the usual demand models, which 
correlate marginal quantity with marginal price, 
may be inapplicable. 

In light of these factors, a natural alternative 
is to use statistical models that explicitly rec- 
ognize the “count” nature of trip demand. Sev- 
eral recent papers (e.g., Shaw, Smith, Grogger 
and Carson, Creel and Loomis) have applied 
count models to the travel cost model. These 
works largely have focused on truncated data sets 
based on choice-based samples. In this study the 
focus is on the older problem where zero-de- 
manders are included. In particular, the appli- 
cation of several robust estimators of count 
models to aggregated data will be considered. 

The Poisson distribution forms the foundation 
for the count models examined in this study. Al- 
though the Poisson is a convenient distribution 
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to work with, it imposes some stringent con- 
straints on the demand distribution. In particu- 
lar, the Poisson distribution assumes the vari- 
ance of trip demand is equal to the expected value 
of trip demand. To loosen these constraints, a 
generalization of the Poisson, the negative bi- 
nomial, is discussed. Robust estimation proce- 
dures, that permit further loosening of a priori 
assumptions are then reviewed. Permit data from 
the Boundary Waters Canoe Area are used to 
examine the effects of these count models on 
consumer surplus estimates and on coefficient 
variability. 


Theory 


In formulating a demand process that yields count 
data, one must consider that trips are not avail- 
able in continuous quantities. The integer nature 
of the data can be explicitly accounted for by 
modeling the observed number of trips taken 
(over a season) as the result of many discrete 
choices (say, one for each day of the season). 
Under this scenario, count data distributions, such 
as the Poisson, are an asymptotic outcome. ! 
Therefore, in estimating a count model, the 
analyst is implicitly estimating the “daily” prob- 
ability of the recreator choosing to visit. In- 
creasing the travel cost will reduce the proba- 
bility of a visit on any given day. Following Small 


' If the probability of taking a trip on any given day is small, 
constant and independent of earlier decisions, and if the number of 
days in a season is large, then the distribution of trips will approach 
a Poisson process. 
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and Rosen, integrating over these price changes 
yields a measure of the compensating variation. 
Extending these results to the repeated discrete 
choice context yields a consumer surplus mea- 
sure Over an entire season (Hellerstein and Men- 
delsohn). The key result is that count data models, 
as the limit of a repeated discrete choice pro- 
cess, can be used much like continuous models. 
In particular, integrating under a continuous es- 
timator of predicted demand will yield a mea- 
sure of consumer surplus. 

Given this background, we concentrate on es- 
timating the expected value of trip demand. Fur- 
thermore, as a result of repeated discrete choice, 
the number of observed trips will follow a Pois- 
son distribution. Formally, the expected value 
of demand is 


EY) = f(P, Z; P), 


where E(Y) is the expected number of trips taken 
per season, P, Z are explanatory variables in- 
cluding travel cost to site (P) and demand shift 
variables (Z), such as income and travel costs 
to substitute sites, and 8 is a vector of coeffi- 
cients. 

The Poisson probability distribution of de- 
mand is 


(1) 
Prob(Y = n; n = 0,1, 2,...) = exp(—A)A"/n! 


with A = f(P, Z; B). | 

The Poisson is a single parameter distribution 
with expectation and variance both equal to A 
(Mood, Graybill, and Boes). Although n is a 
nonnegative integer, A must be a strictly posi- 
tive real number. 

The Poisson model is solved by estimating B, 
say B*, in A* = A(P, Z; B*). The estimated value 
of A, A*, is interpreted as the predicted expected 
value (and variance) of demand. The predicted 
expected value of consumer surplus, E(CS), is 
then computed via the usual integration: 


Pma 


(2) E(CS) = | A(P, Z; B*)dP, 


Pobs 


where P,,, is observed price, and Pma: is a choke 
price, possibly æ, 

This paper will focus on this measure of con- 
sumer surplus estimated using the predicted mean 
of demand. Criticisms of this approach in the 
continuous context (see Bockstael and Strand; 
or Adamowicz, Fletcher, Graham-Tomasi) stress 
the importance of considering the source of er- 


ror. However, if measurement error is small, and - 
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if the measure of expected demand is unbiased, 
then this measure of consumer surplus will be a 
good approximation to the expected value of 
consumer surplus. 


Extending the Poisson: The Negative 
Binomial 


A drawback to the Poisson model is the implied 
assumption that E(Y) and o*(Y) are equal. Fur- 
thermore, Poisson “regressions” allow no ran- 
dom component in the A estimator; the A = A(P, 
Z, B*) relationship does not contain an error 
component. | 

The negative binomial count model is often 
used to relax this unlikely condition of perfect 
knowledge of the A estimator and to permit more 
flexible variance/mean relationships. Following 
Cameron and Trivedi, the negative binomial is 
derived as a compound Poisson distribution, 
where A is assumed to be distributed as a gamma 
random variable.’ Integrating over this distri- 
bution of A yields the two parameter negative 
binomial. Formally, 


Prob(Y = n,n =0,1,...) r i 
_ (n+ v) ( y )( E- 
Tnt+ Da wtu) \vt p]’ 


2 


E(Y) = pando(¥) = p+. 
Vv 





with 


The variance to mean ratio of the negative bi- 
nomial is a decreasing function of v. As v ap- 
proaches infinity, the negative binomial col- 
lapses to the Poisson; hence the Poisson is nested 
within the negative binomial. 

In terms of the repeated discrete choice 
framework, the negative binomial admits that 


2? The concem is that E(CS(Y)) may not equal the CS(E(Y)), where 
the latter is what the analyst computes. However, 


PI Py 
T l d(x; P, €)dPdF(e) = l d*(x; B)dP 
“a SPQ 0 


with d* = E(Y). Therefore, as long as EÆ(Y}) is unbiased, then 
E(CS(Y}), the left-hand side of the above equation, will approach 
CS(E(Y)), the right-hand side. It must be stressed that d* is an 
unbiased estimate of the expected value of demand. In particular, 
d* is assumed to explicitly account for censoring. When this con- 
straint cannot be guaranteed, an alternative form for d* = E(Y) 
(such as suggested by Maddala, p. 158) should be used. 

3 An alternative derivation can also be found in Hausman, Hall, 
and Griliches. The Cameron and Trivedi formulation is more flex- 
ible, including the Hausman, Hall, and Griliches specification as a 
special case. 
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the underlying daily probability of visiting may 
be randomly distributed. More concisely, each 
individual is assumed to draw a value for her 
daily probability at the beginning of the season. 
Knowledge of the random process generating 
these daily probabilities is not required, so long 
as the net result is a gamma distribution of A, 
conditional on the exogenous variables. 


Estimation 


In addition to their appealing statistical proper- 
ties, the Poisson and negative binomial have 
several useful empirical properties: 

(a) The sum of W independent Poisson var- 
iates is also Poisson distributed, with parameter 
Ay = =)'A;. Thus, the distribution of visits from 
the aggregate of W individuals is prob(Y = n) 
= (e ™)(A,)’/n!. This adding-up property fa- 
cilitates the use of aggregate data, given knowl- 
edge of population size. 

(b} If a constant term is included in the func- 
tion describing A, the sum (over all observa- 
tions) of observed demand will equal the sum 
of predicted demand. 

(c) Zero values are admissible. These prop- 
erties also hold for the negative binomial, with 
A replaced by u. 

To insure that A (or u in the negative bino- 
mial) is strictly positive, it is postulated that 


(3) AP, Z; B) a exp(Bo i B,P Ts B.2). 


These count data models are estimated via max- 
imum likelihood (ML) techniques. The Poisson 
is readily estimated using the Newton-Raphson 
technique. The negative binomial, especially its 
Hessian matrix, is more complicated and is usu- 
ally solved with a quasi-Newton method, such 
as the BHHH or the DFP algorithms (Judge et 
al.). 

Maximum likelihood estimation assumes that 
the postulated distribution is indeed correct. This 
assumption may impose some stringent require- 
ments, such as the E(Y) = o°(Y) criteria of the 
Poisson. The distributional sensitivity of these 
models raises concerns about robustness. How 
badly will these models fail if the true proba- 
bility distribution deviates from the assumed 
distribution? 

The consequences of these assumptions, and 
possible means of relaxing them, have been 
studied by a number of authors. For count data 
models, the work of Gourieroux, Montfort, and 
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Trognon is especially useful.* They introduce 
the concept of pseudo- (PML) and quasi-gen- 
eralized pseudo (QGPML) maximum likelihood 
estimation. Basically, they show that if func- 
tions describing the true mean and true variance 
of the dependent variable (say, the number of 
trips) are known [say, equal to f(p, z; B) and 
g(p, z; B, æ), respectively]; then the Poisson and 
negative binomial will be consistent, regardless 
of the underlying distribution. Several interest- 
ing results are obtained at the empirical level: 

(a) For the Poisson, the estimates of B from 
ML are consistent, and analytically equivalent 
to the PML estimates. However, the ML esti- 
mate of the covariance matrix of B is too small. 
The PML estimator can be used to compute a 
consistent estimate of the covariance (CV) ma- 
trix, which turns out to be a function of the “true 
variance” {the function g(P, Z; B, a) introduced 
above]. 

(b) For the negative binomial, the ML esti- 
mate of 8 is not consistent if the distributional 
assumptions do not hold. A two-step QGPML 
estimator can be used to consistently estimate 
both @ and B. In this case, both B and the CV 
matrix are functions of the true variance. 


An Application to the Boundary Waters 
Canoe Area 


1980 permit data from the Boundary Waters 
Canoe Area (BWCA) in northern Minnesota will 
be used to compare the various count models. 
Each permit contains the ZIP code of the group 
leader, which can be used to obtain distance-to- 
site information as well as socioeconomic vari- 
ables either at the zip code level or at the county 
level. Because no other information is available, 
especially information on number of prior trips, 
the permits must be aggregated. County-level 
aggregates are used for this analysis. Therefore, 
the dependent variable is number of trips per 
county. 

A total of 27,433 overnight permits were ag- 
gregated into the 1,396 counties within 1,000 
road miles of the BWCA.° About half of these 


* Other works in this field include White, who offers a general 
discussion of the consequences of using an incorrect distribution 
function, and McCullagh and Nelder, who embed count models in 
the framework of generalized linear models. An interesting sum- 
mary of count models as weighted, iterative linear estimators is 
presented by Hall, Hausman, and Griliches. 

5 All overnight visitors are required to obtain a permit. The entire 
data base of permits comprises a full census of overnight visitors, 
who account for about 50% of BWCA use (in RVD terms). 
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counties have zero visits. Travel cost was based 
on $0.076/mile (1980$) plus a time cost com- 
puted using one-third of the per capita wage rate 
multiplied by average group size (4.0); the re- 
sult was an average cost per mile of approxi- 
mately $0.20. 

Table 1 contains the results from several 
models. An exponential form is used, with an 
individual’s expected demand equal to exp(XB), 
where X is a vector of exogenous variables. Be- 
cause aggregate data are used, the population of 
each county must also be considered. For the 
count models, the adding-up property suggests 
use of population as a multiplicative weight. 
Thus, E(Y county) = POP * exp(XeounyB)3 Yeouny 18 
the aggregate number of visits from the county, 
POP is the population of the county, and Xounty 
is a set of county-level exogenous variables (see 
table 1 for a description of the exogenous vari- 
ables). For comparative purposes, a simple per 
capita semilog model is also estimated. Con- 
sumer surplus (CS) estimates (in 1980$) are 
computed using equation (2), with equation (3) 
used for A*.° In all models, the reported CS es- 
timates use all 1,396 counties. 

The most noticeable results are that the own- 
price coefficient (BWTC) is negative and sig- 
nificant for all models. This is especially true 
for the Poisson model. However, if the Poisson 
assumption of E(Y) = o°(Y) is incorrect, then 
the standard errors generated by the ML esti- 
mator of the Poisson will also be incorrect. To 
test this assumption, a score test devised by Lee 
is computed. This test is normally distributed 
under the null hypothesis that the Poisson model 
is correct. The results of this test, and the large 
value of the t-statistic for œ in the negative bi- 
nomial model, indicate that the Poisson is in- 
appropriate [that E(Y) does not equal o°(Y)]. 
Thus, the CV matrix computed by the ML es- 
timator is incorrect, suggesting use of the PML 
estimator for the Poisson model. In the PML es- 
timator, BWTC is still significantly negative, but 
several of the demand shifters (the age vari- 
ables, percent unemployment, and percent pov- 
erty) are insignificant at the 95% level. 

The negative binomial model returns quali- 
tatively similar coefficients for BWTC, % COL- 


6 To maintain consistency with the definition of the market area 
(all counties within 1,000 miles), a choke price equal to the max- 
imum price in the sample is used. Alternatively, a choke price of 
infinity could be used. However, when CS is computed using a 
choke price of infinity, the results differ by less than 1%. Note that 
the market area is limited in order to limit the bias resulting from 
visitors who partake in multiple-destination trips. 
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LEGE, and INCOME. The sign on the substitute 
price (APTC) is now positive, the theoretically 
anticipated sign. Also, the age variables are sig- 
nificant. 

Within count models, the effect on consumer 
surplus is on the order of 25%. A much greater 
change (50%—100%) occurs between count and 
semilog OLS models. In RVD terms, given an 
average CS of $1.5 million, and a total of 25,000 
groups of four individuals spending four days in 
the wilderness, the average RVD value will be 
about $4.00 (a fairly small value). 

The semilog OLS model uses two heuristics: 
zero observations are dropped when coefficients 
are computed, and a bias correction factor is 
computed. The drop zeros rule ensures com- 
putability of the model. Since it discards infor- - 
mation about nonvisitors, a potential for bias 
exists. Alternatively, the semilog model could 
be estimated using a nonlinear maximum like- 
lihood technique (Creel and Loomis). While such 
an approach permits zero visits, the treatment of 
demand shocks resulting from fluctuations in the 
error term (presumably caused by changes in 
unobservable factors) is not consistent with de- 
mand shocks caused by fluctuations in observed 
exogenous variables; with changes in unobserv- 
able factors having an additive impact, changes 
in observable variables have a proportional im- 
pact. Although this feature may or may not be 
appealing, for purposes of comparison the sim- 
pler drop zeros method is adopted. 

The bias correction factor (Stynes, Peterson, 
and Rosenthal) is a simple multiplier guarantee- 
ing that the sum of observed demand equals the 
sum of predicted demand. It has substantial im- 
pact, leading to a doubling of CS. Alternatively, 
Bockstael and Strand: argue against inclusion of 
such a bias correction factor. However, the bias 
correction factor is used since unbiased esti- 
mation of E(CS) requires an unbiased estimate 
of E(Y). 

Formal qualitative comparisons between 
models are presented in table 2 and by exam- 
ining the n? goodness-of-fit statistic in table 1.’ 
Table 2 displays the results of an out-of-sample 
test created by Ashley and popularized by Shaw. 


7 The 7 statistic can be described as a measure of the corre- 
spondence between observed and predicted values. It is related to 
the familiar R? statistic. Specifically, R* = ESS/TSS and n? = 1 — 
RSS/TSS, with ESS the explained sum of squares, TSS the observed 
(total) sum of squares, and RSS the residual sum of squares. In 
linear models, these two statistics are analytically equivalent, but 
they may diverge in nonlinear models. For further discussion of 
goodness of fit statistics in nonlinear models, see Peterson and Stynes. 
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Hellerstein 


Table 2. Ashley Test of Model Quality 


Model 1° Model 2 The superior model is ... 
Poisson NegBin inconclusive 

Poisson QGPML inconclusive 

Poisson Semilog+ Poisson `’ 

NegBin QGPML NegBin 

NegBin Semilog+ NegBin 

QGPML Semilog+ QgPML 


Note: The Ashley test (Ashley, or Shaw) uses out-of-sample data 
(1981 data) to directly compare the predictive power of two dif- 
ferent models. 

* Models: Poisson, Poisson model; NegBin, negative binomial es- 
timated using ML; QGPML, negative binomial estimated using 
QGPML; Semilog+, OLS on semilog model with a “bias correc- 
tion” factor. 


This test is essentially a nonparametric compar- 
ison of the goodness of fit of two different 
models, using out of sample data. In this case, 
1981 data are used as the out-of-sample data, 
and 1980 data are used to estimate the coeffi- 
cients.° 

The 7 goodness-of-fit statistics suggest that 
fit is fairly good, especially for the Poisson 
model. The negative binomial have predictive 
accuracy similar to the bias-corrected semilog. 
The results of the Ashley test, although not con- 
clusive, suggest that count models are superior 
to the bias-corrected semilog model. Within count 
models, the evidence is weaker. For example, 
the ML negative binomial is considered superior 
to the QGPML negative binomial. It is inter- 
esting that a Hausman specification test (Haus- 
man) comparing the QGPML and the ML esti- 
mators fails to reject the consistency of the ML 
estimator; the result indicates that the negative 
binomial distribution is correct. 

These results indicate that count models out- 
perform the drop-zeros semilog model. Within 
count models, the Poisson outperforms the neg- 
ative binomial in predictive accuracy but pro- 
duces incorrect measures of variability, throw- 
ing the Poisson t-statistics into doubt. The PML 
estimator of the Poisson can be used to address 
this failure while maintaining the predictive power 
of the Poisson. The QGPML negative binomial 
is similar to the ML negative binomial, sug- 
gesting either that the ML estimator be used (on 


? The Ashley test uses out-of-sample data. To test that 1981 data 
is out of sample but not generated by a different model, parameter 
stability is tested. Specifically, a Chow test of parameter equality, 
using 1980 and 1981 data with a Poisson PML model, failed to 
reject’ the null of parameter stability; with an F (9, 2774)-statistic 
of 6.92, well below the 95% cutoff level at 1.88. However, the 
MLE model did reject the null, with an F-statistic of 42.0. 


Travel Cost Analysis 865 


efficiency grounds) or that the QGPML esti- 
mator be used (on ease of computation grounds). 


Concluding Comments 


The intrinsic nature of site visitation suggests 
that demand models based on continuous func- 
tional forms are inappropriate because they fail 
to recognize the count nature of trip making. To 
account for this feature, two count models, the 
Poisson and negative binomial, are reviewed. 
At an empirical level, besides matching the in- 
teger quality of trip demand, these count distri- 
butions explicitly account for censoring at zero. 
Furthermore, a behavioral justification for their 
use, based on a repeated discrete choice process 
generating trip demand, can be derived. 

An application to permit data from the 
Boundary Waters Canoe Area reveals that the 
choice of estimator can have substantial impact, 
especially on consumer surplus estimates. In 
particular, the drop-zero semilog OLS yielded 
estimates approximately 50% larger than. the 
Poisson. The consumer surplus differences among 
the several count models were smaller. This 
suggests that for welfare purposes, the ML Pois- 
son may be adequate. However, coefficient val- 
ues did vary, especially for demand shift vari- 
ables. More important, t-statistics for all variables 
were quite different.across count models, with 
the robust estimators (such as the PML Poisson) 
generally returning much smaller 1-statistics. 
These results suggest caution when interpreting 
coefficient values from maximum likelihood es- 
timators.” 

Although the application of count models to 
travel cost analysis is becoming increasingly 
popular, the existence of robust estimators for 
both the Poisson and negative binomial has not 
been exploited. These robust estimators reduce 
the extent of a priori knowledge required for 
consistent estimation of the coefficient vector and 
its covariance matrix. 

A discussion of the aggregation issue also is 
in order. First, consider the robust estimators used 
here. They all require that the functional form 
describing expected demand is correct. In the 
context of aggregate data, this requires that the 


°? To the extent that variance of consumer surplus is a function 
of the covariance of the coefficient vector, this result also suggests 
caution when qualitative comparisons are formed. See Bockstael 
and Strand or Adamowicz, Fletcher, and Graham-Tomasi for fur- 
ther discussion of the effects of uncertainty on the variance of con- 
sumer surplus estimates. 
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X county Measures be representative, in the sense 
of Deaton and Muelbauer (p. 149), of the county. 
If they are not, then. W* expP(X eoun B*) will not 
equal =, exp(x,8*), and the requirements for 
robust estimation will be violated. 

This weakness of aggregate data sets must be 
measured against the weaknesses of alternative 
methods, such as the sample selection models 
of Shaw or the truncated count models of Creel 
and Loomis. These models admit the influence 
of nonvisitors in a limited fashion. First, for to- 
bit-like estimators and for Poisson-based models, 
incorrect specification of higher moments will 
bias estimates of demand parameters. Although 
the negative binomial is robust to misspecifi- 
cation of higher moments (Grogger and Car- 
son), all these models are sensitive to the pre- 
sumption that nonvisitors possess the same 
demand parameters as visitors. To the extent that 
this is not true, truncated models may be more 
biased than aggregated models. In other words, 
aggregate models permit nonvisitors to influ- 
ence estimation, so that the resulting parameters 
are a reduced form incorporating information on 
both visitors and nonvisitors. For many pur- 
poses, such as calculating the CS for a new pop- 
ulation, such parameters may be superior to those 
produced by truncated models.'° In short, ag- 
gregate analysis is not necessarily dominated by 
site-based samples estimated with econometric 
techniques that recognize truncation. 


[Received April 1990; final revision received 
August 1990.] 
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Errata 


Two items were inadvertently not included in 
the 1990 “Report of the AAEA Awards Com- 
mittee” published in the December 1990 issue 
of the AJAE. One of these is presented as table 
1, below. It is the listing of the number of sub- 
missions for each award, the number of awards, 


and the number of individuals receiving recog- 
nition. 

The second item is a listing of the individuals 
who served on the association’s awards com- 
mittees that year. This list was published in the 
AAEA Newsletter, September-October 1989. 

We apologize for any inconvenience these 
omissions may have caused. 





Table 1. Numbers of Nominations and Winners for AAEA Awards, 1989 and 1990 
Number of Nominations Number of Winners 
Award 1989 1990 1989 1990 
Distinguished Undergraduate Teaching 
<10 years 5 9 1 1 
=10 years 5 8 l i 
Distinguished Extension Program 
Individual 5 6 1 1 
Group 6 4 1 1 
(87 (3) 
Distinguished Policy Contribution 7 l l 
(67 
Publication of Enduring Quality 8 12 i l 
(27 (3)" 
Outstanding Journal Article Fixed by number of 1 1 
articles in volume 
Quality of Communication 30 9 2 2 
(21) (62 
Quality of Research Discovery 17 5 1 2 
(4y (4)" 
Outstanding Ph.D. thesis 22 28 3 3 
Outstanding master’s thesis 29 34 3 3 


* Denotes the number of individuals involved in the award. 


Comments and Replies 


A Model of Production with Supply Management 
for the Canadian Agricultural Sector: Comment 


Carl H. Nelson 


In a recent paper Moschini (1988) claims to prove 
that cost complementarities between outputs do not 
exist when outputs are joint because of fixed allo- 
catable factors which are normal inputs. This com- 
ment demonstrates that Moschini’s proposition is in- 
correct, shows where the proof of the proposition is 
faulty, and identifies the additional condition that must 
hold in order for Moschini’s proposition to be true. 
Correct derivation of this proposition is important be- 
cause technology with fixed allocatable factors and 
multiple outputs is common in agriculture and stan- 
dard analyses of multiple output cost functions, such 
as Sakai’s or Lau’s, do not apply directly to this tech- 
nology. 

Consider the multiple output cost function used in 
Moschini (1988) to characterize production which is 
joint in outputs because of constraints on allocatable 
fixed factors. Jointness is not present in the primal 
representation of this technology. The production 
possibility set can be represented with individual pro- 
duction functions for each output. But outputs are joint 
in the dual cost and profit functions because they must 
compete for a constrained quantity of some allocat- 
able input. The joint cost function is defined by Mos- 
chini’s equation (15), which is reproduced here as 
equation (1): 


(i) 
Cly, w, Z) = ming {Econ wW, z') 





>? = +}. 


where y = (Yi, yo, -<-> Ym) 18 the vector of outputs, 
w is the vector of prices for variable inputs, z is a 
scalar representing the total amount of the fixed input 
that can be allocated to production of the various out- 
puts, and z‘, i = 1, 2, ..., n is the amount of the 
fixed input allocated to output i. The joint cost func- 
tion C(y, w, z) is assumed to be twice continuously 
differentiable in its arguments. This implies that each 
of the individual cost functions is twice continuously 
differentiable is its arguments. And it is assumed that 
the solution to (1) occurs in the interior of the fea- 
sible region. 


Carl H. Nelson is an assistant professor, Department of Agricul- 
tural Economics, University of Illinois. 

This research is part of Project No. 05-334 of the Illinois Agri- 
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The helpful comments of David $. Bullock and three anonymous 
referees are gratefully acknowledged. 


Moschini claims to prove that, given these as- 
sumptions and the additional assumption of normal 
fixed inputs (i.e., 0°C’/ay,dz’ = 9), cost complemen- 
tarities between outputs do not exist (i.e., 0°C /3y;ðy; 
= 0). The proof of this claim appears in Moschini’ S 
equations (17) through (19). The error in the proof 
occurs in equation (18). Moschini’s equation (18) is 
a standard primal comparative static result obtained 
by totally differentiating the first-order conditions from 
the cost minimization problem defined in equation 
(1). A correct derivation of this comparative static 
result follows. 

The first-order conditions for the problem in equa- 
tion (1) are 8C'/dz' = Gi = 1,2, ..., n and Ez’ = 
z, where G = ðC/ðz is the negative of the quasi-rent 
of the fixed input z. Tota] differentiation of these 
equations with respect to the choice variables, O, z', 


z*,..., 2", and the exogenous variables z, Yi, y2, ..., 
Fn yields 
0 | -1 -i —l) rye 
= = = So i E 1 
-1 | coo... 0 
(2) > | 0 Geo... 0 4 
| 0 00 0 
-1 | 0 C: aa 
— Í 0 0 0 az 
0 -c, 0 0 dy; 
_ 0 -c 0 . 0 dy, 
0 0 0 0 TE 4 
0 0 -C3 | | dy, 


where Ci, = a°C'/az'dz', and Ci, = 3°C'/dy,az'. The 
derivative defined in Moschini’ s equation (18), 
öz” /dy,,, can be obtained by premultiplying both sides 


. cf equation (2) by the inverse cf the matrix on the 


left-half side of the equation. As is standard in such 
comparative static derivations the matrix on the left- 
hand side cf the equation is the bordered Hessian of 
the objective function. The second-order condition of 
the optimization problem in (1) requires that this ma- 
trix be positive definite subject to one constraint, which 
implies that all border-preserving principal minors of 
the bordered Hessian must be negative. 
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Because the matrix on the right-hand side of equa- 
tion (2) is diagonal the solution for 8z” /ðym will only 
involve the term in the ith row and mth column of 
the inverse of the bordered Hessian. Letting A rep- 
resent the diagonal matrix in the lower right-hand 
corner of the bordered Hessian and t a column vector 
of 1’s, partitioned inversion allows the inverse of the 
bordered Hessian to be written as: [A~’ — A7'u’A7'/ 
(v'A~'t)], yielding the result that the (i, m)th element 
of the inverse of the bordered Hessian is 


(3) —— 7a 4 
OCz ( =| 


for ¿ and m between 2 and n. This means that the 
correct expression for dz" /dy,,, instead of Moschini’s 
equation (18), is 


(4) 82" /8Ym = 


The error in Moschini’s argument is the claim that 
second-order conditions and input normality require 
the expression in (4) to be negative. While it is true 
that the assumption of input normality requires the 
numerator of (4) to be negative, it is not true that 
second-order conditions require the denominator of 
(4) to be positive. The second-order conditions allow 
one of the second derivatives, d’C’/dz/dz/, to be neg- 
ative as long as it is smaller in absolute value than 
all other such second derivatives. This means there 
are three conditions under which the denominator of 
(4) can be negative. First, D7, 1/(@’C*/dz**az*") can 
be negative if 1/(a’C’/az" az") for some j not equal 
to i or m is negative and larger in absolute value than 
SE 1/(e’C*/az"az"). Second, Džo, . 1/(@’c*/ 
az‘“az™) can be negative if 1/(8?C’/dz" az") is neg- 
ative and smaller in absolute value than Eža; 1/(d?C*/ 
dz az"). Or third, =2.., 1/(a?C*/az"" az") can be neg- 
ative if 1/(@°C”/dz"" dz") is negative and smaller in 
absolute value than Bgm 1/(8°C*/dz*""az‘"). Contrary 
to Moschini’s claim, each of these conditions is al- 
lowed by the second-order conditions for the problem 
defined in equation (1). 

The expression in equation (4) is negative, and 
Moschini’s proposition about cost complementarity 
is true if an additional restriction is imposed upon 
Moschini’s model. The additional restriction is that 
each of the single output cost functions be convex in 
z. This assumption requires all of the second deriv- 
atives, 0°C’/dz/dz’, to be positive. Assuming con- 
vexity of all the single-output cost functions is the 
same as assuming that all the single-output produc- 
tion functions are concave in z. This assumption im- 
plies that the production possibility set is a convex 
set, which is the sufficient condition for a profit-max- 
imizing choice of fixed and variable inputs to be a 
long-run equilibrium. Thus, Moschini’s proposition 
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holds when the sufficient conditions for long-run 
equilibrium hold. 

But, jointness caused by fixed allocatable factors 
is likely to be of greatest interest when fixed assets 
are not in long-run equilibrium. And there is reason 
to believe that some fixed assets in agriculture are in 
disequilibrium. Nelson, Braden, and Roh find evi- 
dence that aggregate agricultural machinery and trac- 
tors are not in long-run equilibrium. When an asset 
is not in long-run equilibrium, the only theoretical 
restriction on 0°C'/dz'dz' comes from the second-or- 
der conditions for an interior solution to (1). And these 
second-order conditions do not require 3°C'/dz'dz' = 
O for all i. That is, they do not require that all of the 
individual cost functions be convex in z. Rather, they 
rule out “too much” concavity in z'. In other words, 
if the cost function for one of the outputs decreases 


(87°C /02"" OY mn) 


; rm i * + ? Í l 
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too rapidly in z, or more than one single output cost 
function is concave in z, then the first-order condi- 
tions for an interior solution do not describe a cost- 
minimizing fixed input allocation. But, as long as none 
of the individual cost functions decreases too rapidly 
in z, an interior solution with joint production is con- 
sistent with concavity of one of the single output cost 
functions in z. 

Insight into the restrictions on concavity that are 
imposed by the second-order conditions can be gained 
from the following simple three-output example. If 
a’C' /dz'dz' = 2, 8°C*/dz*dz* = —4, and a°C°/dz*dz° 
= 6, the second-order conditions for cost minimi- 
zation are violated; but if 8°C'/daz'az' = 2, a°C*/az*az* 
= —1, and @°C*/dz°dz> = 6 the second-order con- 
ditions are satisfied and 3°C/dy,dy, = 0. Intuitively, 
this derivative is negative because an exogenous in- 
crease in y; causes an increase in z’ and a larger-than- 
offsetting decrease in z”, because of the decrease in 
the quasi-rent, g(y, w, z), of z. An exogenous in- 
crease in the amount of y, decreases the quasi-rent of 
z because an increase in y, reallocates z to less valu- 
able uses. The additional z freed by the reduction in 
z7 is used to increase z', which redues 8C/dy;. 

If z were in long-run equilibrium, the quasi-rent of 
z would equal the market price of z, r, and aC‘/dz' 
would equal —r for all i. Further, the second-order 
condition for cost minimization would require that 
a°C'/az'az' = 0 V i. The fact that the cost of produc- 
ing a given output can be concave in a fixed input, 
while it must be convex in variable inputs has bearing 
on the argument in Moschini (1989) claiming to dem- 
onstrate that a’C(y, w, r)/dydy; = O V i # j. The 
Moschini (1989) argument for the absence of cost 
complementarities is critically dependent on the as- 
sumption that the production possibility set is convex 
in the fixed inputs, z. As with Moschini (1988), the 
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Moschini (1989) argument is not valid if the suffi- 
cient conditions for long-run equilibrium, a convex 
production possibility set, are not satisfied. 

The dependence of the Moschini (1989) argument 
on this assumption highlights the fact that Lau’s Hes- 
sian identity results must be applied with care to ag- 
ricultural production. Lau’s claims about properties 
of the Hessians, in particular the claim that the re- 
stricted profit function is concave in z, depend upon 
the assumption that the production possibility set is 
convex in z. When fixed assets are not in long-run 
equilibrium convexity may be violated, as it is if one 
of the individual production functions is not concave 
in z. Under such conditions, neither Sakai’s normal 
case nor Moschini’s proposition about cost comple- 
mentarity correctly describes the cost and profit in- 
teractions between multiple outputs. The derivatives, 
a°C’/dz'dz', are important parameters for technologies 
joint in outputs because of fixed allocatable factors. 
The signs of these parameters should be determined 
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empirically in order to understand the nature of tech- 
nology joint from fixed allocatable factors. 


[Received March 1990; final revision received 
September 1990] 
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A Model of Production with Supply Management 
for the Canadian Agricultural Sector: Reply 


Giancarlo Moschini 


Nelson correctly points out an error in equation (18) 
of Moschini (1988). The formula that I gave is valid 
for the two-output case; but, for the general n-output 
case, the correct expression is given by Nelson’s 
equation (4). I should be thankful for his careful 
reading of my paper. Regrettably, Nelson goes on to 
make a number of erroneous inferences which lead 
to unfounded criticisms of my analysis. I will show 
that the result he questions is valid without any stronger 
conditions than those contained in my paper. In par- 
ticular, Nelson confused two basic properties of pro- 
duction technologies. He claims that my result re- 
quires concavity of the production function when, in 
fact, it is valid as long as the production function is 
quasi-concave. Below, I will prove that quasi-con- 
cavity suffices, and I will show that violation of 
quasiconcavity leads to inconsistent definitions of in- 
put normality. Finally, I will show that Nelson’s 
analysis of the relationship of my results to long-run 
equilibrium conditions is incorrect. 

The context is a multiproduct firm with an allo- 
catable fixed intput z, n production lines with indi- 
vidual production functions y; = = f'(x, z, where (Q, 

z') are inputs allocated exclusively to the ith produc- 
tion line, and where one of the inputs must satisify 
the constraint Èz’ = z. In this setting, under weak 
regularity conditions and given a vector of variable 
input prices w, one can define individual cost func- 
tions C'(y,, w, z') and a joint cost function C(y, w 
z), where y is the vector of n outputs (Moschini 1988). 
If the regularity conditions of the production process 
are strengthened by assuming that the input z is nor- 
mal, I claimed that 0°C/dy,dy,, 2 O for all i ¥ m. 
Nelson disputes this result with arguments that re- 
volve around the second-order conditions (SOCs) for 
problem (15) of Moschini (1988). My own reference 
to the same SOCs was unnecessary, but the use he 
makes of them is unacceptable. 

Nelson’s argument crucially hinges on the claim 
that the individual cost functions may be concave in 
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' The SOCs in fact do require the denominator of my equation 
(18) to be positive. Although justifiable in this sense, reference to 
the SOCs was unnecessary because, as shown below, standard reg- 
ularity conditions or a proper definition of input normality are suf- 
ficient. In any case, I did not claim, contrary to what is suggested 
by Nelson, that the SOCs require the denominator of his equation 
(4) to be positive. 


the fixed input, i.e., it is possible to have a°C’/dz'dz’ 
< 0. To understand what this means, it should be 
clear that (—dC‘/dz') = r'(y,, w, z') is the shadow 
price of the fixed input in the ith production line. 
Hence, Nelson allows this shadow price to be in- 
creasing in the quantity of fixed input, i.e., the im- 
plicit demand of the fixed input may be upward slop- 
ing. One may well wonder under what production 
conditions this startling feature is admissible. Nelson 
says that this will happen when the production func- 
tion is not concave, and he states: “Assuming con- 
vexity of all single-output cost functions is the same 
as assuming that all single-output production func- 
tions are concave in z.” Contrary to Nelson’s claim, 
this is not true. 

The error in Nelson’s argument can be seen by 
considering the simple counterexample of a Cobb- 
Douglas production function with „only one variable 
input and one fixed input: y = xz. This production 
function is not concave in z, yet the associated cost 
function is C = ywz~*, which is convex in z. In fact, 
it can be shown that the cost function C’ can be con- 
cave in 7° only if the production function violates the 
property of quasiconcavity. This is seen in the two- 
input case illustrated in figure 1. If there is only one 
variable input x and one fixed input z, the shadow 
price of z can be measured in terms of how much x 
can be saved as z is varied. In other words, the shadow 
price of z is the marginal rate of technical substitution 
multiplied by the variable input price. Hence, for the 
shadow price to be increasing in z, this marginal rate 
of technical substitution must be increasing, which 
means that the technology violates quasiconcavity as 
is the case for point A in figure 1. 

Because this issue is of wider interest, a more rig- 
orous and general proof is warranted. One can prove 
the following: 


Proposition. If the production function f'(x, z') is 
quasiconcave, the corresponding cost function C'(y;, 
w, Z) is convex in z. 


To prove this, let zi and z be two distinct levels 
of the fixed input. ? Let xi and x} be the correspond- 
ing cost minimizer variable input vector for the out- 
put level y; such that C'(y;, w, 4) = wx; and C'yi 
w, z5) = wx}. Now define 2, = [Az, + (1 — A)z)] for 
A € (0, 1). Note that, if the production function f’ Q, 
z) is quasiconcave, then [Ax} + (1 — A)x}, 2] can 


* Note that this proof does not require z’ to be a scalar; hence, 
the proposition given is valid for the case of many fixed inputs. 
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Figure 1. Not quasi-concave technology 


feasibly produce y; (the input requirement set is con- 
vex). However, in general this is not the cost mini- 
mization solution. Let xo be the cost minimizer when 
the fixed input is zọ. Hence, it must be that wx) = 
w[Ax; + (1 — Ajj]. By definition C'(y;, w, z) = 
wxg, thus, it follows that: 


25) COnw,A)SACOnw A 
F (1 = ANC, W, Z2), 


which establishes that the cost function is convex in 
the fixed input. If the production function is strictly 
quasiconcave, then the cost function C'(y,, w, 2’) is 
strictly convex in z’. Moreover, if all individual cost 
functions are convex in z‘, then the joint cost function 
defined by (15) will be convex in z.° 

Nelson’s failure to distinguish quasiconcavity from 
concavity is misleading because quasiconcavity is a 
much weaker assumption than concavity. Quasicon- 
cavity of the production function implies nonincreas- 
ing marginal rates of substitution between inputs and 
is equivalent to the input requirement set V(y) being 
convex (the isoquants have the usual convex-to-the- 
origin shape). It does not imply concavity of the pro- 
ducticn function, and it does not rule out increasing 
returns in production (the production possibility set 
need not be convex). Indeed, the Cobb-Douglas ex- 
ample given above displays increasing returns to scale. 
When quasiconcavity is violated, some appealing 
properties of production technologies are ruled out. 
For example, one may produce a unit of output with 
the input combinations of either point B or point C 
in figure 1, but one cannot produce the same unit of 
output by combining the two production processes 


? Hence, quasiconcavity of the individual production functions 
(convexity of the cost functions in the fixed input) means that the 
curvature conditions for a global minimum for problem (15) are 
satisfied. One should be careful in using SOCs when the curvature 
conditions do not necessarily hold because the SOCs only char- 
acterize a local optimum. In the present case, if one of the cost 
functicns is allowed to be concave in the fixed input, as Nelson 
does, there is no guarantee that there exists only one minimum. 
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(point on the line segment between B and C are not 
feasible.) 

I have shown that Nelson’s argument crucially de- 
pends on the violation of the basic regularity condi- 
tion of quasiconcavity. Because in Moschini (1988) 
I assumed input normality, I will now argue that for 
a meaningful definition of a normal input one must 
be dealing with a quasiconcave technology. The def- 
inition of a normal fixed input that Nelson and I use 
is to require that 0°C'/dy,dz' = 0 (for every produc- 
tion line, the shadow price of the fixed input is non- 


- decreasing in output, or, alternatively, the marginal 


cost is nonincreasing in the fixed input). By itself, 
however, this is not enough. The standard definition 
of a normal input requires that the cost-minimizing 
input demand increases with output (Chambers, p. 
69).* Put another way, the output expansion path is 
not backward bending. When quasiconcavity is vio- 
lated at the fixed input level z', then no expansion 
path passes through the input allocation point. Thus, 
the definition of a normal fixed input in terms of 3°C'/ 
dydz' = 0 is dual to the standard definition only if 
the technology is quasiconcave. Indeed, the notion 
of input normality is meant to strengthen the usual 
regularity conditions, not to weaken them. Hence, I 
believe that the assumption of quasiconcavity was not 
only implicit in my analysis but also necessarily im- 
plied by my explicit assumption of input normality. 

The inconsistency of Nelson’s purported assump- 
tion of a normal input when quasiconcavity of the 
production function is violated can be illustrated by 
a further implication of the case at hand. Recall that 
input normality in terms of (—d°C'/dy,az') = ar’ /ay; 
= Q implies that the shadow price of the fixed input 
is nondecreasing in output for all production lines. 
But what about the shadow price of the same input 
viewed from the point of view of the whole firm? 
This shadow price is given by (~dC/dz) = r(y, w, 
z), and in equilibrium one must have r(y, w, z) = 
r'(y,, w, z”). This shadow price is simply the negative 
of the Lagrange multiplier of the problem in my 
equation (15) [in Nelson’s equation (2) this multiplier 
is 6.] Hence, the question hinges on the sign of dr/ 
ay, = —d°C/dy,dz. Differentiating the first-order con- 
ditions of problem (15) and solving yields 








act 
ðr ðy;ðz' 
(26) a 2 
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Now, the SOCs for an interior solution of problem 
(15) allow at most one of the individual cost func- 


* This is the definition given in Moschini (1988). According to 
another definition, which follows Hicks’ discussion of a regressive 
input, an input is normal if its profit-maximizing demand increases 
when the output price increases. When the conditions for profit 
maximization are satisfied, this definition will always imply the 
previous one. 
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tions to be concave in the fixed input but require all 
bordered principal minors of the Hessian to be neg- 
ative. Note that the mth bordered principal minor in 
our case is 


l = S 

27 -({]—)| Ss 
( ) (11 azkaz* ra o*c* 
az*az* 


If one of the cost functions is concave in the fixed 
input, then one must have [2,(87C*/dz‘az*)""] < 0 to 
satisfy the SOCs. Nelson fails to realize this and gives 
an incorrect characterization of his own equation (4).° 
This also means that violation of quasiconcavity for 
one of the production functions, say the jth, while 
requiring normality in the sense of dr’ /dy; > 0 (Vi), 
implies that dr/dy, < 0 for all i # j. Thus, in Nel- 
son’s setting one has the paradox of a fixed input that 
is meant to be normal in all production lines but that 
is globally inferior in (n — 1) outputs? 

Nelson’s discussion concerning the relationship of 
my result to long-run equilibrium conditions is not 
sound. First of all, because the necessary technolog- 
ical assumption is quasiconcavity, this can relate only 
to the conditions of long-run cost minimization and 
not to the conditions of long-run profit maximization 
discussed by Nelson. More important, it must be rec- 
ognized that equilibrium is not simply a technologi- 
cal concept and that the properties of the technology 
provide necessary but not sufficient conditions for 
long-run equilibrium to hold. For example, if the al- 
locatable fixed input in question is land, a farm may 
not be at its long-run equilibrium size because of credit 
constraints, notwithstanding the properties of its pro- 
duction functions (which may, in fact, be quasicon- 
cave). In other words, one cannot infer from obser- 
vation of disequilibrium that the technological 
conditions necessary for equilibrium have been vio- 
lated. In particular, whether or not a fixed input is in 
equilibrium in the sense of earning the market rate of 
return is irrelevant for the purpose of understanding 
the properties of the technology. In the present case, 
what matters is not whether a fixed input level would 
be chosen as optimal at the current market rate of 
return; rather, what matters is whether the level of 
fixed input could have been chosen as optimal at some 
appropriate rate of return (i.e., its shadow price). 

Nelson’s passing comments on Moschini (1989) are 
similarly without ground. For the sake of clarity, I 


5 Only one of the three conditions that he cites allow the denom- 
inator of his equation (4) to be negative. Moreover, contrary to 
Nelson’s claim, if the jth cost function is the one that is concave 
in z, it is not sufficient that 3°C /3z/327 be smaller in absolute value 
than all other such second derivatives to satisfy the SOCs; in fact, 
its absolute value must be smaller than that when more than two 
outputs are involved and must decline as the number of outputs 
increases. 

® This is not the only perverse result that one gets when quasi- 
concavity is abandoned. For instance, although the SOCs allow only 
one of the individual cost functions to be concave in the fixed input, 
when this happens it can be shown that the joint cost function C(y, 
w, z) will be concave in z, despite the fact that (n — 1) individual 
cost functions are convex in the fixed input! 
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will note that in Moschini (1989) I did make the ex- 
plicit assumption that the individual production func- 
tions are concave. This assumption allowed me to 
generalize the results to profit-maximization condi- 
tions and to prove that with allocatable fixed inputs 
and input normality the supply of any one output is 
inversely related to the price of any other output. 

In conclusion, I have reaffirmed the validity of a 
result presented in Moschini (1988). Related results 
were presented in Moschini (1989), and some final 
thoughts on their relevance are in order. In my anal- 
ysis I developed the normal case of multioutput pro- 
duction with allocatable fixed factors. An alternative 
normal case of joint production characterized by Sakai 
has received considerable attention in the applied ag- 
ricultural production literature (see, e.g., Hertel, Ball). 
However, as shown in my work, the case of allo- 
catable fixed factors produces very different conclu- 
sions. My results should be of interest for two main 
reasons. First, my analysis is consistent with the dis- 
tinctive land allocation problem typical of agricul- 
tural production both at the farm and aggregate lev- 
els. Second, the assumption that inputs are normal is 
eminently reasonable for many empirical applica- 
tions.” Hence, I believe that my results provide a 
benchmark that is interesting in its own right and that 
should prove useful in assessing empirical findings 
and in discriminating among multioutput production 
structures. 


[Received November 1990; no revision] 


References 


Ball, V. E. “Modeling Supply Response in a Multiproduct 
Framework.” Amer. J. Agr. Econ. 70(1988):813-25. 

Chambers, R. G. Applied Production Analysis. Cambridge: 
Cambridge University Press, 1988. 

Hertel, T. W. “Estimating Substitution and Expansion Ef- 
fects: Comment.” Amer. J. Agr. Econ. 69(1987):188— 
92. 

Hicks, J. R. Value and Capital, 2nd ed. Oxford: Oxford 
University Press, 1946. 

Moschini, G. “A Model of Production with Supply Man- 
agement for the Canadian Agricultural Sector.” Amer. 
J. Agr. Econ. 70(1988):318—29. 

. “Normal Inputs and Joint Production with Allocat- 
able Fixed Factors.” Amer. J. Agr. Econ. 71 
(1989):1021—24. 

Sakai, Y. “Substitution and Expansion Effects in Produc- 
tion Theory: The Case of Joint Production.” J. Econ. 
Theory 9(1974):255—74. 





7 Hicks pointed out that it is quite possible that some inputs may 
be inferior (regressive) because they are better suited for lower lev- 
els of production. However, this situation seems unlikely when in- 
puts are aggregated in broad categories such as land, labor, capital, 
and materials. Because aggregation is typically justified by assum- 
ing that input groups are homothetically separable, in this case in- 
puts must be normal within groups as well to guarantee consistent 
aggregation (expansion paths ‘are straight lines under homothetic- 
ity). 


Elasticities in AIDS Models: A Clarification and 


Extension 


Richard Green and Julian M. Alston 


In a recent paper in this Journal (Green and Alsten), 
we showed that the usual formulas for uncompen- 
sated price elasticities in the linear approximate al- 
most ideal demand (LA/AIDS) model were incorrect 
because the Stone’s price index (P) is a function of 
expenditure shares (i.e., InP = Z; w; InP). A com- 
mon approach is to treat expenditure shares as con- 
stant parameters in the Stone’s index when taking de- 
rivatives for elasticities. We developed corrected 
formulas for uncompensated price elasticities by us- 
ing derivatives that took into account the effects of 
price changes on the shares in the price index. 

In the process, and as a side-issue, we also ncted 
(p. 443) that the differences in uncompensated elas- 
ticities in the literature (7,) 


. carry over directly into the computation of 
compensated elasticities (nj), which are 


(6) nk = ny tw, + B;/w)). 


In making this assertion, we used the usual Slutsky 
equation in elasticity form and the usual AIDS in- 
come (expenditure) elasticity (i.e., m, = 1 + B;/). 
This procedure is correct only when using the true 
AIDS model. 

In the LA/AIDS model, expenditure elasticities also 
ought to account for the role of expenditure shares as 
variables in the Stone’s price index. That is, the ex- 
penditure shares in the Stone’s index are functions of 
both prices and total expenditures unless preferences 
are homothetic, and expenditure elasticities will be 
affected along with the uncompensated elasticities (Le., 
n: # 1 + B;/w). In general, therefore, correct com- 
pensated elasticities cannot be computed simply by 
substituting correct uncompensated elasticities into 
equation (6). . 

_ In this note we show correct equations for both (a) 
expenditure elasticities when the LA/AIDS is esti- 

mated and (6) compensated price elasticities incor- 

porating those corrected expenditure elasticities. 
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Consider the share equation for the LA/AIDS model 
using our previous notation (Green and Alston): 


(1) Wi = A; -+ 2; Vij InP; + Bi In (X/P). . 


The general expression for the income (expenditure) 
elasticity in this equation is 


(2) 1, = dInQ,/dinX = 1 + (dw,/dInX)/w;. 


The usual approach treats shares as fixed parameters 
in the Stone’s price index (P) and obtains 


(3) dw;/dinX = B; and nix = 1 + B;/wi. 


That is the result used in equation (6) by Green and 
Alston. More generally, 


(4) dw;/d\nX = B; [1 — dinP/d|nX], and 


(5) dinP/dinX = 3, InP; (dw,)/dinx) 

= 5; winP; (nj. ~ 1). 
Combining equations (4) and (5) gives 
(6) dw,/dinX = B; [1 — 3 wdnP; (yn; — 1]. 
Substituting (6) into (2) gives 
(7) Hx = 1+ (Bi/w) [1 — 2; wAnP; (nj ~ 1) or 
(8) mx — 1 = (Bi/w) (1 — 3, wan, Ox ~ 1). 


Following the approach we used for uncompen- 
sated price elasticities (Green and Alston), we can 
solve the system of simultaneous equations in (8) for 
the elasticities of interest by expressing the equations 
in matrix form as 


(9) 


where M is an n-vector with elements m; = 7;, — 1, 
B is an n-vector with elements b; = 8;/w;, and C’ is 
an n-vector with elements c; = wjlnP,. Then, rear- 
ranging terms gives 


(10) M + BCM = (I + BO) M =B. 
Premultiplying both sides of (10) by (Z + BC)~’ gives 
AB M = (I + BCY`' B. 


M = B — BCM, 


The elements in M are m; = Nix — 1 so we can obtain 
the expenditure elasticities by adding 1 to each ele- 
ment of M: 


(123 N=M+e=(1+ BC) 'B+t, 
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where N is an n-vector of expenditure elasticities of 
demand (n; = Nix), and + is a unit vector of length n. 

Recall the solution for the uncompensated elastic- 
ities of demand in the LA/AIDS (Green and Alston, 
p. 443) is 


(13) 


where A is an n X n matrix with typical elements a, 
= —6; + [yy — Bw,]/w; (when 6; = 1 for i = j is 
the Kronecker delta) and all of the other variables are 
as defined above. 

Using the Slutsky equation we may find the com- 
pensated elasticities of demand as 


E=({7+ Bc) [A+ 4-J, 


NË = Ny + WMix 
and the matrix of compensated elasticities is 
(14) E* = E + NW', 


where E* is an n X n matrix with typical elements 
nä, and W is an n-vector of shares, w;. Substituting 
(12) and (13) into (14) yields 


(5) E* = [I+ Bc) {A+ 7) -1 
+ [€ + BOB + Ww’ 
= [I + BCI [A + I + BW] -I +W. 


Recall that the typical element in A is defined as a, 
= —§, + [yy — Biw;]/w;. Further, the typical element 
in J is +ô; and the typical element in BW’ is given 
by (B:/wò)w;. Thus, the term [A + J + BW’] reduces 
to F in which the typical element is y,/w; and equa- 
tion (15) becomes 


(16) E* = [I + BC] -—I+ ww’. 


To check these manipulations, consider the case 
when preferences are homothetic (i.e., 8B; = 0 V i or 
B = O, where O is a zero vector). In this case, all 
of the income elasticities of demand are 1 and this is 
verified as N = « when B = Q in equation (12). In 
this case (B = 0) equation (16) simplifies to 


(17) E* =—-[+ C+ wW', 
and the typical element is 
nk = —8, + (yy/wi) + wj. 


This last expression is the usual equation for com- 
pensated elasticities (as used by Chalfant, for ex- 
ample). The corresponding formula for the elastici- 
ties of substitution is 


(18). Oj = nx /w; = [yy/ww;] +1@#f). 
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Equations (17) and (18) are special cases; in general, 
they will be incorrect for measuring compensated price 
responses. 

A more general check of equation (16) using ho- 
mogeneity conditions was suggested to us by Gian- 
carlo Moschini (Iowa State University 1990) in a per- 
sonal communication. Homogeneity implies X; nf = 
0 or E*ı = O. We can see that equation (16) satisfies 
this condition by noting that .W’t = It, and It = 0 
when 3; Yj = 0.) . 

In summary, we have extended our results for un- 
compensated elasticities in the LA/AIDS (Green and 
Alston) to show~corrected formulas for expenditure 
elasticities and compensated price elasticities that ac- 
count for the endogenous nature of expenditure shares 
in the Stone’s price index. Equation (7) is the correct 
equation for LA/AIDS expenditure elasticities. 
Equation (16) is the correct formula for compensated 
price elasticities.” Green and Alston’s equation (6) is 
correct for compensated price elasticities of demand 
only when preferences are homothetic. We regret any 
confusion we may have caused. 


[Received June 1990; final revision received 
September 1990.] 
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! Moschini also pointed out another implication of homogeneity. 
In model (ii) of our earlier paper, the elasticity formula (as used 
by Eales and Unnevehr, for example) was: ny = —dy + yy/wy. 
Homogeneity implies that the Marshallian own-price and cross-price 
elasticities and the income elasticity sum to zero (i.e., 2) ny = ~Ma, 
and in the Eales and Unnevehr formula this requires that all income 
elasticities are unitary (7, = 1 V D. Thus, only under homothet- 
icity will the Eales and Unnevehr formula give elasticities that sat- 
isfy the homogeneity property, and this accounts for the poor per- 
formance of that formula in the empirical results we reported in 
table 2 since the model we used was not homothetic. 

? A referee has pointed out that the corrections to the formulas 
for calculating compensated elasticities may be unimportant for highly 
disaggregated commodities for which expenditure shares are so small 
that compensated elasticities are approximately equal to uncom- 
pensated elasticities. 
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(Susan Offutt, Office of Management and Budget, presiding) 


Emerging Issues in the Allocation of 
Public Agricultural Research Funds 


George B. Frisvold 


The public and private sectors invest more than 
$4 billion in agricultural production research and 
development (R&D) annually. Adjusting for in- 
flation, the average annual rate of growth of R&D 
investment has been about 2% since 1970. Fed- 
eral funding of agricultural research has grown 
at a considerably slower rate than state and pri- 
vate funding. Thus, the federal government’s 
share of total R&D investment has fallen from 
27% to 21% between 1970 and 1987. 

At the same time, the traditional emphasis of 
the public research system on farm-level, pro- 
duction-oriented research has been increasingly 
challenged on different fronts. The increase in 
commodity program costs resulting from tech- 
nical change is receiving greater attention (Al- 
ston, Edwards, and Freebairn; Oehmke) as the 
proportion of net farm income coming from 
government payments has risen from less ‘han 
10% in the 1950s to over 30% in the late 1930s. 
Representatives from the food industry have 
called for greater emphasis on post-harvest tech- 
nologies (Wilcke and Williamson). Over two- 
thirds of each consumer dollar spent on food goes 
to the processing and distribution stages of pro- 
duction. Hence, it is argued, greater scope for 
reducing consumer food costs lies in post-har- 
vest innovations. There is also increased public 
concern over non-price aspects of food produc- 
tion, particularly issues of environmental pol- 
lution, food safety, and nutrition. These con- 
cerns imply that demand-side impacts of new 
technologies are potentially very important. 

The public research system faces the follow- 
ing dilemma. On one hand, its constituency has 
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broadened to include food processors and dis- 
tributors, input suppliers, and environmental and 
consumer advocacy groups. On the other hand, 
fiscal >onstraints limit the federal government’s 
ability to respond to the demands of its ex- 
panded constituency. Consequently, the private 
sector and state agricultural experiment stations 
(SAES) will play greater roles in determining 
the rate and direction of technological change. 

These developments raise policy questions re- 
garding the relationship between public research 
institutions and private industry. For example, 
to what extent should the public sector coop- 
erate or compete with the private sector in re- 
searck and product development activities? A 
related issue is the determination of the optimal 
mix of basic and applied public research. An- 
other set of policy issues involves consideration 
of dernand-side impacts of new technologies and 
the coordination of research priorities with other 
agricultural policy goals. This paper examines 
these policy issues and addresses their impli- 
cations for economic analysis of the agricultural 
research system. A major theme of the paper is 
the potential for applying theories of industrial 
organ.zation to address agricultural technology 
policy questions. 


Basic versus Applied Research 


Currently, the U.S. Department of Agriculture 
(CSDA) and the SAES allocate approximately 
40% of their funds to basic (as opposed to ap- 
plied) research (Langston). The private sector 
allocates only about 10% of its research expen- 
diiures to basic research (Wilcke and William- 
son). Basic research includes attempts to im- 
prove basic scientific knowledge without the 
immediate goal of developing a product for 
market. Basic research results generally come in 
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the form of new information rather than new 
commercial products, making it more difficult 
for researchers to prevent others from imitating 
or using new discoveries. Basic research results 
from the public sector can be readily borrowed 
by the private sector to use in commercial prod- 
uct development. Hence, public basic research 
acts as a subsidy to the private sector. The ap- 
plied research and product development by pub- 
lic research institutions directly competes with, 
rather than complements, private industry. Pub- 
lic applied R&D is also devoted to areas such 
as disease control for specialty crops or pollu- 
tion abatement technologies which may be so- 
cially desirable but not profitable to develop 
commercially. An important problem for the 
public research system is to determine the de- 
sirable mix of basic and applied research that 
avoids duplication of private activities and pro- 
vides socially beneficial technologies not de- 
veloped by private industry. 

A recent paper by Frisvold models the spe- 
cific choice of allocating research funds be- 
tween commodities and between basic and ap- 
plied research as a simplified portfolio-choice 
model. An experiment station is assumed to face 
infinitely elastic input and output markets and 
must allocate a fixed research budget between 
two commodities to maximize farm income. For 
simplicity, two periods are assumed: the pres- 
ent, period 0, and the future, period 1. The ag- 
ricultural sector’s expected future technology in 
period | is characterized by a generalized profit 
function: 


(1) w= BaPa + BaPa + f(P11, Pas Wi), 


where 7 is discounted profits, P,, and Pa, are 
the expected prices of the two commodities in 
period 1, W, is a vector of expected input prices, 
and the function f is nondecreasing in expected 
output prices and nonincreasing in input prices. 
The terms 8,, and B, represent the intercepts of 
the supply functions for commodities one and 
two, respectively. Following Binswanger, the 
Ba terms are functions of the station’s research 
activities such that Ba = Ba(Ra) and Ba’ > 0, 
where R, is the future stock of research knowl- 
edge. The future research stock is itself a func- 
tion of current research activities: 


(2) Ra = Ro TU — 6) 
+ g(Rio, Aw, Bio: lo) i= 1, 2, 
where Rj, is the current research stock, 6; is the 


rate of depreciation, g; is a concave function, Aj 
is public applied research expenditures, Bj is 
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public basic research expenditures, and Jj is the 
expected level of investment in applied research 
and product development by private industry. 
The research station’s optimization problem is 
to maximize m with respect to Ayo, Ago, Bio, Bag 
given the research budget and its expectations 
of private investment behavior and future prices. 
The designation of commodity-specific basic re- 
search is justified if the commodity groups are 
at a high level of aggregation, such as crops and 
livestock. It is assumed further that basic public 
research is a complement to both private and 
public applied research in production of the ~ 
knowledge stock, while public and private ap- 
plied research are substitutes. The expected level 
of private investment in each commodity area is 
exogenously given. The station must not only 
allocate research between commodities but also 
must determine the optimal mix of basic and ap- 
plied research. 

The model yields the following comparative 
statics results. For commodity i, the optimal ra- 
tio of basic to applied research is higher: (a) the 
greater the level of private investment in com- 
modity i research, (b) the lower the total public 
research budget, and (c) the lower the initial stock 
of knowledge in the commodity area. Con- 
versely, a shift to greater emphasis on applied 
research in commodity area i is warranted: (a) 
if the private sector does not invest in that area, 
(b) if commodity i requires high levels of main- 
tenance research (i.e., 6; is large), and (c) as the 
price of commodity i increases. 

This simplified model makes two very restric- 
tive assumptions. First, the public and private 
sectors are working to achieve the same types 
of technological changes at the farm level. Sec- 
ond, no market distortions or environmental ex- 
ternalities are present. Optimal government re- 
sponse to private sector R&D investment, in 
general, will be highly sensitive to these as- 
sumptions. To illustrate, consider a more com- 
plete public research objective function, U of 
the form 


U= Apt; a A;7; T A,Tp T ACS 


— AGP — AED — A,RC, 


where ~r; is farm profits, m; is input supplier 
profits, 7, is processor/distributor profits, CS is 
consumer surplus, GP are government com- 
modity program payments, ED is a dollar value 
of environmental damage from agricultural pro- 
duction, RC is research costs, and the A terms 
are weighting parameters representing distribu- 
tional preferences of the government toward af- 
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fected groups. If the government wanted to 
maximize economic efficiency (given pro- 
prams), it would equate all A values. Virtually 
all private research is carried out by either the 
input or food industries. Their objectives, ra- 
tionally, would be to maximize m; and me re- 
spectively. These objectives are not likely to co- 
incide with a government objective, which 
includes consideration of program and environ- 
mental costs of technological change. For ex- 
ample, a significant portion of private R&D is 
pesticide research for commodity program crops. 
A government objective function with posicive 
values for A, and A, would be less likely to com- 
plement this research emphasis. 

Private industry representatives have argued 
that the public sector should alter its research 
emphasis toward more basic research which 
complements the research activities of post-har- 
vest industries (Wilcke and Williamson). Be- 
cause the post-harvest phase of production is the 
area of greatest value added, it is also the area 
of greatest potential food cost reductions. How- 
ever, technological change that has the highest 
payoff to food producers and distributors will 
not necessarily have the highest benefits to 
farmers or society in general. Various authors 
(Alston and Scobie; Freebairn, Davis, and Ed- 
wards; Holloway) have demonstrated that it is 
even possible for post-harvest technological 
change to reduce farm-level income. These re- 
sults show that the interests of producers at dif- 
ferent stages of the production chain do not al- 
ways coincide. Thus, the degree to which public 
institutions will (or should) complement private 
research agendas depends on how closely those 
agendas coincide with the preference func- 
tion, U. 

The divergence of interest between the public 
sector and various agents in the private sector 
has important implications for assessment of joint 
public-private research funding. Private grants 
to state experiment stations represent only about 
6% of their total budgets (CSRS). However, a 
large part of these total budgets are salaries and 
administrative costs which are relatively inde- 
pendent of the type of research conducted. Pri- 
vate grants, therefore, comprise a more signif- 
icant portion of a station’s discretionary spending. 
In a case study of Canadian barley research, Ul- 
rich, Furtan, and Schmitz found evidence that 
private grants from brewers biased the direction 
of research in their favor and away from the so- 
cial optimum. Although the social gains from 
the joint research project were positive, there was 


Amer. J. Agr. Econ. 


a large public opportunity cost of private influ- 
ence in the direction of research. 


Public and Private Competition 


The classic example of direct competition be- 
tween public research institutions and the pri- 
vate sector has been the seed industry. Public 
varietal development and releases have been 
credited with acting as a disciplining device to 
maintain a relatively competitive structure within 
the industry. There is growing concern, how- 
ever, that plant patenting by public research in- 
stitutions will have a number of detrimental ef- 
fects. A major argument is that gains from 
patenting will induce public research systems to 
behave as profit-maximizing firms rather than 
social welfare-maximizing ones. Recent litera- 
ture on the theory of the public firm (De Fraja 
and Delbono; Cremer, Marchand, and Thisse) 
calls into question the basic assumption that profit 
maximization by public firms is suboptimal, 
however. De Fraja and Delbono use a game-the- 
oretic approach to examine an industry com- 
prised of a public firm and several private, oli- 
gopolistic firms. They derive a Nash equilibrium 
where social welfare is higher when the public 
firm’s goal is profit rather than social welfare 
maximization. Such a result may or may not ap- 
ply to experiment stations competing with pri- 
vate seed companies. The point to be made, 
however, is that new models of optimal public 
firm behavior may be employed to rigorously 
evaluate public research strategies. 


Product versus Process Research 


Cost reduction at the farm level is not always 
the primary objective of agricultural research. 
Product quality-enhancing research often affects 
farm operators more on the demand side of the 
equation than the supply side. Demand-creating 
research may be aimed at creating new products 
or market niches such as those for lower fat or 
cholesterol foods. Certain new products are not 
less costly to produce but count on capturing 
premiums for perceived desirable environmental 
or health attributes. Examples would be oganic 
produce or “dolphin safe” tuna. Demand-cre- 
ating research would also include the develop- 
ment of alternative uses for agricultural products 
or improvement in product desirablility to pro- 
cessors or foreign consumers. Other research at- 
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tempts to alter the maturation date of produce 
to better take advantage of seasonal price in- 
creases. Butler, Carter, and Zepeda’s recent study 
of farmer perceptions of bovine somatotropin also 
Ulustrates that farmer technology adoption de- 
cisions are increasingly affected by consider- 
ations of food safety and consumer acceptance. 
Demand-creating R&D may be modeled as an 
improvement in the average quality of an exist- 
ing product which increases consumers’ will- 
ingness to pay for it (Levin and Reiss). Figure 
1 demonstrates the welfare effects of an increase 
in product quality which induces a shift in the 
demand curve from D to D’. As consumer will- 
ingness to pay for the product increases, . the 
equilibrium price rises from P to P’. Producer 
surplus is increased by the area PABP’, while 
consumer surplus increases by the area CBP’- 
DAP. The total gross benefits to product quality 
improvement is equal to the area ABCD. 
Government intervention in commodity mar- 
kets can have important effects on the gains from 
demand-creating research. Consider the effects 
of a target price/deficiency payment scheme 


shown in figure 2. Initially, the target price is 


set at T, the market price is P, output is Q, gov- 
ernment deficiency payments equal the area 
TACP, consumer surplus equals the area PCF, 
and producer surplus equals the area TAP. An 
outward shift of the demand curve from D to D’ 
could represent the impact of a technological 
breakthrough in ethanol production on the de- 
mand for corn. In this case, the demand shift 
has no effect on output, producer surplus, or 
consumer surplus. The improvement in demand 
does, however, reduce government payments to 


Price 





Quantity 


Figure 1. 
ity 


Effects of improved product qual- 
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Figure 2. Effect of demand-creating re- 
search on a market under a target price/de- 
ficiency payment scheme 


TABP’. Producers have no incentive to fund such 
demand-creating research because it would only 
change the proportion of their income coming 
from the market as opposed to that coming from 
the government, leaving total returns un- 
changed. 

Three important points can be made here. First, 
demand-creating innovations can reduce- the so- 
cial costs of farm income support policies. In 
contrast, cost-reducing innovations increase the 
cost of target price programs. Second, target price 
schemes can make demand-creating innovations 
less attractive to producers than cost-reducing 
innovations. Finally, to the extent that con- 
sumers are also taxpayers, they may benefit more 
from demand-creating innovations, which re- 
duce the tax burden of income support pro- 
grams, than from cost-reducing innovations, 
which lower food costs but raise their tax bur- 
den. 

Product quality research is complicated by 
problems of imperfect information. Many qual- 
ity characteristics consumers care about, such as 
flavor, are not readily observable at the time of 
purchase. Consequently, consumers use appear- 
ance as a signal of underlying product quality. 
The signal value to consumers of product ap- 
pearance (and hence the premium they are will- 
ing to pay) depends on the degree of correlation 
between appearance and unobserved quality. 

A recent paper by Frisvold and Putler ex- 
amines the welfare effects of research on prod- 
uct attributes in the context of asymmetric in- 
formation concerning the relationship between 
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unobserved product quality and appearance. 
Consumers select a product given its price and 
expected quality given its appearance, updating 
their expectations of the quality-appearance cor- 
relation given new information. The producer 
side represents an experiment station or mar- 
keting order that invests in research to alter 
product appearance and/or unobserved quality 
to maximize net producer returns to research. 
Researchers face the following intertemporal 
tradeoff. In the short run, there are gains from 
altering product appearance only, while the gains 
from improving average quality accrue only in 
the long run. Reducing the appearance—quality 
correlation, however, erodes the signal value of 
appearance over time. Examples of such “signal 
jamming” effects have been observed in the 
markets for tomatoes and stone fruits. 

The imperfect information equilibrium is 
characterized by overinvestment in appearance 
and underinvestment in quality relative to «he 
social optimum. A net social loss from research 
is possible such that surplus is simply trans- 
ferred from consumers to producers while re- 
search expenditures represent a type of dead- 
weight loss. Key variables driving model results 
are consumers’ marginal utility with respect to 
quality, researcher and consumer expectation 
formation, and the researcher’s discount rate. The 
model has two major implications for grading 
standards. First, grading standards based on ap- 
pearance alone can have negative long-run wel- 
fare effects. Second, there are potential gains 
from improved grading /labelling based on qual- 
ity which is unobservable to consumers. Such 
standards not only reduce consumer uncertainty 
but can create research incentives more com- 
patible with the socially optimal path of tech- 
nological change. 


Conclusion: Future Areas of Research 


Historically, major technological breakthroughs 
have come from publicly funded research on 
farm-level innovations. In the future, such 
breakthroughs are more likely to come from pri- 
vately funded research on post-harvest innova- 
tions. As a consequence, traditional methods of 
analyzing the impact of public research in terms 
of simple supply shifts while ignoring private 
sector behavior will prove increasingly inede- 
quate. Industrial organization theories of imper- 
fect and non-price competition, the public firm, 
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and asy-nmetric information can play an impor- 
tant role in addressing emerging policy issues in 
agricultural research. 

The refinement and empirical application of 
these theories to agriculture implies a need for 
much better information on private R&D activ- 
ities. Such data are vital in assessing the impact 
of government policies toward basic research, 
scientific education, intellectual property rights, 
antitrus: policy, and investment tax credits on 
the extent and direction of private innovation. 
Greater knowledge of private R&D trends is es- 
sential the public sector wishes to reduce re- 
dundanzy in research and to allocate funds to 
higher payoff investments. Ironically, the avail- 
ability and quality of private R&D data appears 
to be declining. Unless institutional innovations 
are forticoming that reverse this growing infor- 
mation deficit, policy makers will be less able 
to iden-ify those factors that retard or promote 
technological change. 

Finally, there is a need for more empirical 
analysis of the behavior of public research in- 
stitutions. Two possible areas of inquiry include 
patentiag by public institutions and joint public- 
private research ventures. A positive theory of 
government behavior is necessary for a com- 
plete umderstanding of the process and direction 
of technical change. Revealed preference esti- 
mation of government technology policy may 
also be a fruitful avenue of research. 
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Plant Variety Protection, Private 
Funding, and Public Sector Research 


Priorities 
Mary K. Knudson and Carl E. 


The objective of the Plant Variety Protection Act 
of 1970 (PVPA) was to increase a firm’s ability 
to capture the returns on its applied breeding re- 
search and development (R&D) investments. 
Firms were expected to increase their R&D in- 
vestments to take advantage of increased re- 
turns. Studies have shown that the PVPA has 
- induced the private sector to increase its in- 
vestments, particularly in soybeans and wheat 
(Butler and Marion; Perrin, Kunnings, and 
Ihnen). Recently, Stallman raised the concern 
that the PVPA may also influence agricultural 
experiment stations (SAES). She suggests that 
public R&D priorities may be shifted away from 
commodities and research topics that have high 
social rates of return. 

While it is possible that the PVPA will pull 
research away from the socially optimal allo- 
cation of resources, other sources of distortion 
may be equally important. Political pressure on 
public research or industry’s contributions to 
public research may lead to too much research 
on certain topics (Ulrich, Furtan, and Schmitz) 
or commodities. Another concern is that, in zer- 
tain commodities, the private sector research is 
crowding out public research. Both concerns raise 
the questions of who will teach the next gen- 
eration of scientists, who will provide varieties 
when markets are insufficient to induce private 
research, and who will maintain the competitive 
structure of agricultural production, inputs, and 
marketing. 

This paper is part of a larger project on the 
impact of the PVPA and patents on public and 
private R&D, and on crop yields and genetic 
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diversizy of major field crops in the United States. 
The pūmary purpose of this paper is to measure 
the PVPA’s impact on public sector plant breed- 
ing. The secondary purpose is to find out whether 
industry directly influences public research. As 
a preliminary study, we examine public sector 
R&D expenditure patterns on wheat, soybeans, 
corn, cotton, and sorghum. 


Public Sector Resource Allocation and 
Intellectual Property Rights 


Table 1 shows why some people are concerned. 
Since 1980 the number of scientists years (SYs) 
in some of the Agricultural Research Service 
(ARS) and SAES plant breeding programs have 
declined. In corn, SYs dropped 22%, the most 
of the “ive crops. However, crowding out is most 
likely so occur in corn because corn attracts more 
private resources and is growing at a faster rate 
than the other four crops. Sorghum, too, has a 
long h:story of private research and experienced 
a decline in public sector SYs. In contrast public 
SYs heve increased in soybeans and wheat, which 
is where the PVPA strengthened property rights 
the mcst. Cotton is an anomaly; it declined even 
thougk the PVPA strengthened SAES’ ability to 
appropriate gains. 

Tab_e 2 shows that SAES have been acquiring 
Plant Variety Protection Certificates (PVPCs). 
SAES started applying for wheat, soybean, and 
cotton PVPCs in 1970. The first two columns 
in tabe 2 show that the public sector acquired 
the greatest number of PVPCs in soybeans and 
wheat. No PVPCs were issued for corn or 
sorghum inbred lines even though these crops 
were eligible for protection. 

The second half of table 2 shows the results 
of a 1£89 ARS survey of SAES on their use and 
future intentions to use PVPCs and utility pat- 
ents (UPs). Two-thirds of the SAES currently 
use PV PCs, but only two more plan to use them 
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Table 1. Public and Private Scientists in Applied Research on Selected Crops 
Public Private 

68 72 80 88 82 89 
Corn 56 58 68 53 155 257 
Sorghum 12 16 17 14 22 23 
Wheat 39 54 58 69 23 25 
Cotton 50 43 41 37 17 11 
Soybeans 18 26 42 59 36 60 


Source: Public SYs from CRIS; Private Ph.D. SYs from Kalton, Richardson, and Frey. 


Table 2. PVPA Certificates and Patents Issued and Intentions of Public Sector for Selected 


Crops, 1973-89 





PVPCs Issued to SAES 


or ARS 
Crop 1973-81 1982-89 
Corn and sorghum 0 0 
Cotton 12 7 
Soybean 27 59 
Wheat 29 26 
Ali crops 


No. of SAES which: 


Wil Will 
Use PVPA? Use? Use Patents* Use” 
Í 5 3 5 
4 6 1 5 
14 19 1 5 
1] 17 0 4 
32 34 i9 37 


Sources: Columns 1 and 2, “Plant Variety Protection Office Journal.” Columns 3-6, Howard J. Brooks, “Questionnaire on Maintenance 
of Free Exchange of Plant Germplasm,” USDA ARS Memorandum, 17 Nov. 1989. 


* The number of AES that applied for PVPCs or patents as of 1989. 


è? The number of AES that stated that future use of plant protection was either definite or probable. 


in the future. The number of SAES that plan to 
use UPs will almost double from nineteen to 
thirty-seven. The number of SAES using PVPCs 
and UPs for the major field crops, particularly 
corn, sorghum, and wheat, will grow more rap- 
idly than the totals. At present only a few ex- 
periment stations use UPs on these crops. 


Model of Public Research Resource 
Allocation 


Most economists advise government research 
administrators to allocate their research re- 
sources to maximize expected social benefits from 
research. But most empirical studies of research 
resource allocation in the agricultural economics 
literature assume that research administrators are 
also influenced by the demands of organized in- 
terest groups (Huffman and Miranowski, Hay- 
ami and Ruttan, Rose-Ackerman and Evenson). 
These models assume that research administra- 
tors are cost minimizers within a budget that is 
partly determined by interest groups and poli- 
ticians’s demand for research. 

An alternative way to model the supply side 
is to consider ARS and SAES administrators as 


budget-maximizing bureaucrats (Ruttan). The 
director invests his research resources in differ- 
ent commodities to increase his research re- 
sources in the future. Major sources of funding 
are state and federal governments, private in- 
dustry and royalties from PVPCs and UPs. Un- 
der this scenario, for each funding source, ad- 
ministrators will like to increase its research 
contributions. Because the funding sources vary 
with regard to their own research objectives, the 
strategies that the administrator employs to gain 
this increase will vary depending on the funding 
source. 

To increase state and federal contributions, the. 
ARS and SAESs could either develop technol- 
ogies that reduce farm production costs or that 
increase consumer welfare and the income of in- 
fluential farmers and agribusiness. Thus, the 
director would want to maximize total social 
benefits. Measurements of recent research pro- 
ductivity and possible social benefits from this 
research could help determine where these ben- 
efits would be highest. In addition, the director 
might reduce expenditures in commodities where 
private sector research is strong because social 
benefits from duplicating private research would 
be limited. 
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Research directors would probably take a dif- 
ferent approach to increase industry’s contri- 
butions. For example, the ARS and SAESs could 
concentrate on research that increases the profits 
of agribusiness and commodity groups. More 
immediate increases might come if the public 
sector shifted resources onto topics which the 
private sector already helps fund. 

Since the passage of PVPA, public research 
institutions, along with firms, can collect roy- 
alties from sales of pure line varieties of sex- 
ually propagated crops. To take further advan- 
tage of income from royalties, the ARS and 
SAESs may seek more market space by devel- 
oping superior varieties to those that the private 
sector produces. 

In our model, ARS and SAES administrators 
will consider social benefits from research, con- 
tributions from industry, and royalties from 
PVPCs and UPs when allocating research re- 
sources among commodities. More formally, this 
relationship can be written as 


where RD is ARS and SAES expenditure at time 
i on crop j, SB is the expected social benefit 
from research, NPR is expected royalty income 
to SAES from research, IND is industry’s fund- 
ing of public research, PRIV is the quantity of 
private research, and RP is a measure of public 
research productivity. 

The actual variables used and sources of data 
are shown in table 3. However, some of the in- 
dependent variables need further explanation. One 
common way of measuring social benefits is net 
social surplus (VSS) (Perrin and Foster): 


(2) NSS; = c*kj*V;* 
[1 + k/(2/n,; + 2/e)] — Cf’, 


Table 3. Variables and Data Source 
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where for every crop j; c is a capitalization fac- 
tor (which captures the present value of social 
benefits), V is the value of production, k is the 
percent reduction in production costs resulting 
from a new technology, e is the elasticity of 
supply, n is the absolute value of the elasticity 
of demand, and C is R&D costs. We assume 
that c i; the same for all crops, so c = 1. For 
simplic-ty, we also assume that the reduction in 
production costs is 1% for all five crops, so k 
= |. Therefore, equation (2) becomes 


(3) SB, = V* [1 + 1/Q/n, + 2/e)] — C, 


which we use to estimate SB,. Several different 
lag structures on the value of production were 
used in 2stimating SB,. However, an average over 
the previous five years proved to be the best lag. 

Expe-iment station directors might also look 
at measures of the productivity of research pro- 
grams cther than & such as numbers of varieties 
releasec or publications. We tried as a rough 
measure of research productivity (RP) the num- 
ber of varieties released divided by earlier re- 
search expenditure. The coefficients for all vari- 
ables, vith the exception of PRIV, are expected 
to be positive. 


Empirical Results 


Three specifications of our model [equation (1)] 
were es-imated in linear form using OLS. Sev- 
eral furctional forms of our model were esti- 
mated, out the linear form had the best fit. The 
results of the linear specifications are shown in 
table 4. Social benefits (SB) are consistently 
positive and significant at the 5% or 10% level 
across all three specifications. Research produc- 





Variables 


Description and Data Source 





Dependent variables 
RD 


Federal and SAES R&D plant breeding and mairitenance (RPAs 307 and 405) from CRIS data in time 


periods 1968, 1972, 1976, 1980, 1984, and 198& and crops corn, wheat, soybeans, cotton, and sorghum. . 


Expected social benefits 


5B Producer and consumer benefit calculated using Perrin and Foster (see text). 

RP Productivity of research for i less than 1980 is the numer of varieties for each j released in Crop Science 
1968-70 divided by the number of SYs in 19€8. For i greater than or equal to 1980, the number of 
varieties for each j from 1985—87 was divided by the number of scientific years in 1985. 


PRIV 


Private expenditure on research from Perrin, Kunnings, and Ihnen; and Kalton, Richardson, and Frey. 


This variable was lagged in the following manner for 1968, 1972, 1976, 1980, 1984, and 1988; 
private expenditures were taken from 1960, 1965, 1970, 1975, 1980, and 1982, respectively. 


SAES income generation 
NPR 

beans, and cotton——after 1970. 
IND 


Dummy for the PVPA is one for the self-pollinzted crops in which SAES took PVPCs—wheat, soy- 


Industrial funding per crop per year from CRIS data. 


Knudson and Pray 
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Table 4. Factors Influencing Public Allocation of R&D Resources: Regression Results 





Dependent Variable: Applied Public R&D by Commodity 


Specifications 
2 3 
0.00034 0.00013 
(6.884) (1.91) 
0.0004 0.00011 
(.740) (0.25) 
0.0017 0.00075 
(2.724) (1.38) 
5.22 
(3.91) 
0.0003 0.0006 
(.500) (1.07) 
.648 ae 
26 25 


Independent 
Variables l 
Social 0.00011 
benefits (SB) (1.64) 
Research —0.00003 
productivity (PROD) (—.059) 
Private —0.030 
research (PRIV) (—.93) 
Potential 
royalties (NPR) 

Industry 6.40 
contributions (IND) (4.93) 
Constant 0.0009 

(2.04) 
Adjusted R? .828 
Degrees of freedom 25 


tivity (RP) changes signs and is not significantly 
different from zero in any specification. Private 
research (PRIV) has the expected sign but is not 
significant. However, this relationship deserves 
a more in-depth examination which is beyond 
the scope of this paper. The intellectual property 
rights coefficient (NPR) is positive in most 
specifications but is statistically significant only 
in specification 2. When the industry contribu- 
tions variable (IND) is added (specification 3) 
the R° increased, the NPR coefficient remained 
positive but was no longer significant, and the 
RP coefficient changed to the expected sign. IND 
is positive and significant in all specifications of 
the model. 

The regression results support the argument 
that expected social benefits guide research di- 
rectors in their allocation of resources. They also 
suggest that intellectual property rights have in- 
fluenced the commodity composition of public 
research. They do not support the argument that 


research contributions by industry and commod- - 


ity groups induce directors to allocate more gov- 
ernment resources to those commodities. The 
industry variable is positive, but the elasticity of 
public research with respect to industry contri- 
butions to public research is less than one (.5 to 
.6, depending on the specification). This result 
indicates that public research administrators 
substitute private contributions for public re- 
search dollars rather than spending more public 
research dollars to capture limited industry con- 
tributions, as some critics predicted. 


Conclusions 


The regression results indicate that social ben- 
efits are important in influencing the direction 


of research. There is some support for the ar- 
gument that the new opportunities for income 
provided by the PVPA have influenced the di- 
rection of public research. The key policy ques- 
tion, however, is whether PVPA and industry 
contributions would result in lower social ben- 
efits. 

The first column in table 5 shows the most 
recent (1988) allocation of public resources be- 
tween the five crops in this study. If in the fu- 
ture resources are allocated to crops in which 
property rights have been improved, wheat, cot- 
ton, and soybeans would receive more re- 
sources. If public resources were allocated by 
the value of the seed market, they would be al- 
located like column 2. The share of corn would 
more than double, wheat’s share would be cut 
in half, and cotton’s share would decline from 
14% to 3%. If resources are allocated more like 
contributions of private companies and com- 
modity groups (column 3), the corn and soy- 
beans will increase while the other crops’ shares 
will decline. If the public sector tries to dupli- 
cate the private sector (column 4), even more 
emphasis would be placed on corn. 

Would reallocating the public sector re- 
sources according to the value of the seed mar- 
ket reduce social benefits? A definitive answer 
is not possible here. However, if resources were 
allocated according to our crude measure of so- 
cial benefits, they would resemble column 5. This 
column suggests that public resources would shift 
away from wheat and cotton toward corn. Thus, 
if experiment stations shifted resources in the 
direction suggested by industry’s contribution, 
they would also be moving toward an allocation 
of resources that would increase social benefits. 
If they allocate resources according to the value 
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Table 5. Current and Potential Future Allocation of Research Resources—Selected Crops 


(percent of 5-crop total) 





Current (1988) Allocation 
Public Based on 
Allocation Seed Market 

Corn 25 58 
Sorghum ` 8 6 
Wheat 30 12 
Cotton 14 3 
Soybeans 24 21 


Private 


Industry R&D Allocation 
Contribution 1989 Based on SB 
34 68 40 
6 6 4 
19 7 18 
11 3 9 
29 16 29 


Sources: Column 1, CRIS; column 2 calculated from value of commercial seed in mid-1980s from Daberkow; column 3 calculated 
from CRIS data for 1988; column 4 calculated from Kalton, Richardson, and Frey; column 5 calculated from social benefits for 1988; 


see table 4. 


of the seed market or like the private sector, they 
might be placing too much emphasis on corn. 
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Inventions Intended for Use in 
Agriculture and Related Industries: 
International Comparisons 


Robert E. Evenson 


Private firms invest substantial funds in research 
and development (R&D) to discover and de- 
velop inventions intended for use by crop and 
livestock farmers.’ Most of these inventions are 
granted patent protection, and many inventors 
obtain patent protection in more than one coun- 
try for their inventions. Publicly supported ag- 
ricultural R&D, including research done in the 
U.S. Department of Agriculture—State Agricul- 
tural Experiment Station (USDA-SAES) sys- 
tem, also produces inventions intended for use 
by farmers, but few of these inventions are 
granted patent protection.” 

A recently completed research project con- 
ducted at Yale University provides procedures 
for assigning patented inventions to “Industries 
of Use” @OUs) including agricultural produc- 
tion industries.” Specifically, the project devel- 
oped a “concordance” mapping inventions clas- 
sified by International Patent Class (IPC) into 
industries classified by Standard Industrial Class 
(SIC). The concordance can be applied to in- 
ternational patent data sets reporting IPCs and 


thus provides estimates of inventions by IOU (or 


by Industries of Manufacture, IOM) by country 
of origin.* This paper reports estimates of in- 
ventions intended for use in U.S. agricultural 
production sectors as well as in the input supply 
and agricultural service sectors. Data for Great 


Robert E. Evenson is a professor, Economic Growth Center, Yale 
University. 

! Evenson and Huffman, report estimates of R&D expenditure 
by private firms in the U.S. farm implements industry of $592 mil- 
lion in 1984 and of $837 million by firms in the agricultural chem- 
icals industry. 

_ * See Evenson and Putnam, and Evenson and Huffman for a fuller 
discussion of protection of USDA-SAES inventions. 

3 R&D data are reported by the industrial firms conducting the 
R&D. One can infer only roughly the industry of use for this R&D 
and for the associated inventions. 

4 Evenson and Huffman, chap. 7, and Evenson and Putnam also 
report data on inventions by technology field for agriculture. They 
note a growing proportion of inventions granted to foreign investors 
in all agriculturally related technology fields in recent years. 


Britain, France, and Germany are utilized for 
international comparisons and for estimates of 
technology flows between countries. 

Part 1 discusses the concordance methodol- 
ogy. The second part reports estimates of in- 
ventions by two- and three-digit industries of use. 
The third section reports international compar- 
isons. 


The Yale-Canada Concordance 


The concordance utilizes data from the Cana- 
dian Patent Office to compute probability 
distributions mapping inventions from an Inter- 
national Patent Class to two-, three-, or four- 
digit SIC Industries of Manufacture and Industries 
of Use.” 

The Canadian Patent Office has been assign- 
ing an IPC, an IOM, and an IOU to each patent 
granted since 1978 (to Canadian origin patents 
since 1972). (See Ellis for a full discussion.) This 
provides a large data base (more than 200,000 
patents) for an international sample of inven- 
tions (only 12% of Canadian patents are of Ca- 
nadian origin, nearly half are granted to U.S. 
inventors). The IPC structure is very detailed, 
with roughly 100,000 classes. (The actual con- 
cordance is based on a more aggregate set of 
6,000 classes.) The procedure to estimate the 
concordance is to compute the distribution across 
IOMs or JOUs for each detailed IPC for the Ca- 
nadian sample. The reliability of this concor- 
dance, when applied to other patent data sets 
(e.g., for the U.S.) depends on the inherent 
“diffuseness” or matching of IPCs with IOUs or 
IOMs and/or possible changes in industry mixes. 
Tests of reliability (Kortum and Putnam) of the 
concordance showed that the concordance was 


° See Kortum and Putnam for an extended analysis of the con- 
cordance and an alternative concordance. 
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very reliable at the two-digit level and generally 
reliable at the three-digit level.° 

Given the uniqueness of these data, however, 
it will be useful to generate data for some four- 
digit sectors and to interpret them in the context 
of their limited reliability. (Note the estimated 
series are unbiased estimates of inventions by 
JOU.) In the sections to follow, estimated series 
by IOU have been generated from the U.S., 
U.K., French, and German patent data bases of 
the European Patent Office (EPO). For the United 
States, the EPO has assigned IPCs to U.S. pat- 
ents for the 1920—69 period, and these historical 
data are summarized in this paper as well.’ 


Inventions by Industry of Use 
The Farm Industries 


Farms conduct very little R&D, and farmers make 
few inventions (Evenson and Huffman, chap. 
5). Farm industries, however, are the industries 


é Tests are made (Kortum and Putnam) using part of the Cana- 
dian data to predict distributions for the remaining data. No direct 
tests of the international applicability of the concordance were made. 

7 The International Patent Office assigned IPCs to U.S. patents 
back to 1920, enabling the historical series. The U.S. Patent Office 
did not make such assignments until 1965. 


Table 1. 
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of use for many inventions. During the 1970s 
more than 900 inventions per year granted pat- 
ents by the U.S. Patent Office were destined for 
use in the farm sector. More than 25% of these 
were “imported” from abroad, i.e., they were 
invented in other countries." 

Takle 1 reports an historical summary of in- 
venticns intended for use in six three-digit SIC 
farm industries with details for selected four-digit 
SIC industries. It should be noted that many in- 
venticns assigned to the three-digit class are not 
further assigned to a four-digit class. Thus, for 
each four-digit industry, one may view these in- 
venticns as specific to the industry in question; 
but further note that the industry also uses in- 
venticns that are specific to the three-digit in- 
dustry. 

The first seven columns in table I report his- 
torica. data for all inventions granted patents in 
the United States, i.e., including inventions 
originating in foreign countries (see table 3 for 
furthe: details on countries of origin). Columns 
eight and nine report import ratios, i.e., the ra- 
tic of imported inventions to domestic inven- 
tions, for the 1970s and 1980s. These import 


® Everson and Huffman report estimates of inventions used in 
agriculttce based on “technology fields.” Their estimates show only 
one-third as many inventions as reported here. 


Inventions Used by the U.S. Agricultural Production Sector 





Averag2 Annual Inven-ions Patented 


1920s 1930s 1940s 

011 Livestock farms (total) 204.4 166.3 96.6 
0111 Dairy farms 25.0 22.5 14.3 
0112 Cattle farms 13.0 10.4 7.6 
0113 Hog farms 6.1 8.5 2.6 
0114 Poultry farms 76.9 54.8 25.4 
0115 Sheep-goat farms 1 1 a 
012 Other animal farms (total) 39.7 23.3 14.2 
0121 Beekeeping farms 13.4 8.9 5.5 
0122 Horse farms 18.2 7.6 3.7 
0123 Fur skins farms Yi BF 2 „l 
013 Field crop farms (total) 443.6 320.4 227.3 
0131 Wheat farms 32.5 23.8 13:9 
0132 Small grains farms 4.4 5.9 7.0 

’ 0134 Corn farms 8.9 7.3 ip 
‘0135 Forage-hay farms 8.8 6.2 6.1 
0137 Tobacco farms 1.0 1.4 1.1 
0138 Potato farms 6.8 4.4 33 
015 Fruit and vegetable farms 43.8 37.9 23.1 
016 Horticultural farms (total) 23.0 31.9 16.4 
0161 Mushrooms 1.7 2.8 1.5 
0162 Greenhouse products 6.2 9.2 4.3 
0163 Nursery products 2.2 te | 1.4 
017 Combination farms 68.1 67.3 57.5 
All farms 824.6 647.1 435.1 


Export 

_Import Ratio _ Ratio 

1950s 1960s 1970s 1980s 1970s 1980s 1970s 
178.3 211.3 230.9 202.3 .21 40 42 
21.7 23.8 28.5 23.8 .28 39 44 
7.2 23.3 27.8 25.9 ~~ .20 4] 39 
8.2 10.9 9.7 10.0 = .09 48 49 
50.0 44.6 © 38.9 343 117 3] 34 
a 5 of 10 8.90 13 03 
20.5 19.7 22.6 26.7 18 19 17 
ok 5.4 64 10.5 .09 22 14 
$.6 6.8 8.2 8.4 .26 14 il 
4 3 a 2 00 00 00 
423.7 383.8 406.7 332.0 .26 47 58 
23.4 29.0 33.3 29.2 27 46 40 
HI 15.9 153 10.6 .47 47 55 
11.5 9.9 10.6 9.1 .16 52 37 
18.1 17.4 15.4 16.7  .26 58 59 
2.0 3.5 3.5 4.6 .13 .78 58 
6.0 3.4 3.6 2.6 .20 .21 43 
57.5 68.2 64.9 357 15 .31 21 
32.6 37.7 56.3 57.1 .21 .33 28 
2.2 4.6 4.8 4.7 17 .40 27 
6.7 8.1 10.7 11.0 = .26 30 34 
3.4 4.4 7.4 6.2  .2) 27 .25 
106.5 138.4 142.4 150.2  .35 .60 .60 
819.1 859.1 923.8 804.0  .25 45 .50 
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ratios changed dramatically from the 1970s to 
the 1980s.” 

The historical series show quite regular pat- 
terns. Inventions for all farm sectors (except for 
horticultural farms) declined during the 1930s 
and 1940s, then rose sharply in the 1950s, 1960s, 
and 1970s. Most sectors show a decline in total 
inventions in the 1980s, and all sectors show a 
decline in domestic origin inventions in the 1980s. 
The decade of the 1930s was affected by the 
Great Depression, and the 1940s were affected 
by World War II. Most of the inventions des- 
tined for use in the farm sectors originate in the 
industries supplying agriculture (see table 2), and 
these industries grew in importance in the 1950s 
and 1960s. 

Comparisons across four-digit industries have 
limited relevance because many inventions can 
be used in several four-digit industries and hence 
are assigned only at the three-digit level. Such 
comparisons are of some interest, however. For 
example, they show differences in the timing of 
inventions, e.g., the early boom in poultry in- 
ventions in the 1950s and high levels of inven- 
tions in the 1980s in specialized animal and 
nursery farm industries. Comparisons across 
three-digit industries show that field crop farms 
have received more inventions than livestock 
farms. | 

Returning to the matter of the import ratios, 
it is clear that these ratios differ between indus- 
tries, being lowest for livestock, fruit and veg- 
etable, and horticulture farms and highest for field 
crop farms. These ratios reflect two factors. First, 
there are fundamental differences in technolo- 
gies and their transferability. Some inventions 
are highly location specific and hence worth lit- 
tle in another country. Second, increases in the 
import ratios from the 1970s to the 1980s in- 
dicate that the “competitiveness” of foreign in- 
ventors has risen markedly in the 1980s. Not 
only has the foreign share risen, but domestic 
invention has declined sharply for most indus- 
tries (specifically for the field crop farm indus- 
tries). !° 

Table 1 also reports an export ratio, i.e., the 
ratio of patents granted to U.S. inventors in 
France, Germany, and the United Kingdom to 
U.S. domestic patents. This ratio has remained 


? Evenson and Huffman report data by technology field, indi- 
cating that the import ratio for all agriculturally related inventions 
rose from less than .2 in the 1920s and 1930s to .4 by the 1950s 
and approximately .5 by the 1960s and 1970s. 

The question of rising competitiveness has substantial policy 
relevance and requires further extensive analysis. (See Evenson for 
a further discussion.) 
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approximately constant over the 1970s and 1980s. 
While not fully comparable to the import ratio 
(which includes patents from all foreign coun- 
tries), it does show that U.S. inventions have 
been competitive abroad (see section 3 below 
for further discussion). 


The Farm Supply Industries 


Table 2 reports data comparable to table 1 where 
the industries of use are the farm supply indus- 
tries. These industries are the primary sources 
of inventions for the farm industries. Table 2 is 
designed to show the flows of inventions to these 
supplying industries and perhaps to shed some 
light on the apparent loss of competitiveness of 
these industries as invention suppliers to the farm 
industries. 

The same general historical patterns exhibited 
in table 1 appear for the industries in table 2. 
Inventions used in these industries declined dur- 
ing the 1930s and 1940s and rose over the 1950s, 
1960s, and 1970s. Total inventions declined for 
both the agricultural implements and the agri- 
cultural chemicals sector in the 1980s, and the 
rising import ratios indicate a sharp decline in 
domestic invention. The 27% decline in inven- 
tions of use for the agricultural implements and 
agricultural chemicals industries from the 1970s 
to the 1980s was considerably greater than the 
15% decline for the farm industries for this pe- 
riod. 

The services sector industries are the indus- 
tries of use of significant numbers of inventions. 
These industries actually perform many farm 
functions. As with other sectors these too have 
experienced increased foreign competitiveness. 


International Comparisons 


Table 3 reports comparative import and export 
ratio data for the four major origin countries for 
agricultural inventions. It also reports invention 
by source country for the 1969 to 1987 period. 
These comparisons are reported for the major 
three-digit industrial sectors of use including crop 
and livestock farms. 

For each industry two further indexes are re- 


'! These export ratios are sensitive to patent law changes in other 
countries and require careful interpretation. Except for Japan, how- 
ever, legal systems in most OECD countries are quite similar. Fur- 
ther, each country’s system provides “national treatment” to for- 
eign inventors (Evenson and Putnam). 
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Table 2. Inventions Used in Industries Supplying U.S. Agriculture 


Average Annual Inventions Patented 


1920s 1930s 1940s 
311 Agricultural implements 198.5 154.1 115.4 
371 Agricultural chemicals 22.5 5]1.2 55.8 
3721 Chemical fertilizer 2.9 3.0 2.9 
3722 Mixed fertilizer 9.3 13.3 5:5 
3729 Other chemicals 10.3 32.9 57.4 
1053 Animal feed industries 25.7 29.6 19.8 
471 Grain elevator industries 3.6 2.6 1.5 
021 Services to livestock 212.1 152.2 34.4 
0211 Veterinary medicine 12.4 10.4 6.8 
0212 Animal breeding 1.4 1.2 1.0 
022 Services to crop product 218.0 198.0 124.6 
0221 Soil prep-cultivation 86.0 56.1 33.3 
0222 Dusting-spraying 10.4 11.6 T2 
0223 Harvesting 67.3 66.1 46.9 
023 Services-managerial whole- 
saling services 10.0 8.1 5.8 
393 Seeds-chemicais 4 6 .5 
571 Farm machinery =) re] a 
301 Farm products 5.8 5.1 3.3 


ported (in parentheses). The first is the total 
number of domestically produced inventions of 
use in the four granting countries. The second 
is the ratio of total patents granted in the four 
countries to domestically produced inventions in 
the four countries. This ratio can be regarded to 
be an index of “transferability” for the technol- 
ogy in question. When this ratio is high, it in- 


Import Ratio mie 
1950s 1960s 1970s 1980s 1970s 1980s 1970s 
179.7 186.7 201.4 170.8 .28 61 52 
125.5 216.5 396.1 301.1 .52 92 76 

8.3 16.3 21.0 11.5 .39 61 99 
12d “25:1. 33.8 “22.2: 128 -59 51 
105.1 175.1 341.3 268.4 56 97 -77 

30.3 39.3 58.3 41.6 .34 .54 .70 

Zl 129 5.9 5.4  .37 .44 29 

171.1 185.8 218.3 222.1 .16 3] .35 
15.6 17.1 26.8 36.8  .28 44 54 

1.6 23 2.5 2l ee Al 33 

232.5- 2270 228.2 192.8 21 37 31 
54.0 41.2 41.4 33.8 .19 .35 25 
13.9 14.2 14.8 18.2 .26 42 .36 
107.7 109.4 105.0 80.8 .17 .35 .34 
94 124 192 18.1 3I 51 -39 
7 1-2 1.9 20 .18 -20 43 

6 1.0 1.2 E3- 33 .50 44 
5.5 9.0 7.6 6.7 18 .30 .29 


dicates that inventions originating in one coun- 
try have a high degree of usefulness in another 
country. 


1? Thess ratios have changed from the 1970s to the 1980s. The 
level of -hese indexes for 1970 is positively correlated with the 
change ia the import ratios from the 1970s to the 1980s across 
industries. This suggests that the change in foreign competitiveness 
is highes in those industries with more inherent transferability. 


Inventions by Country of Origin 


Table 3. International Comparisons by Industrial Use Field 
Trade Ratios 
Granting Country Import Export US. U.K. 
A. Crop production (21,251, 1.94) 
U.S. a 33. 8544 421 
U.K. 1.68 .57 945 2256 
France 1.24 .26 913 352 
Germany .64 .46 959 523 
B. Livestock production (8,753, 1.57) 
U.S. 30 .30 3541 152 
U.K. 1.09 44 373 1099 
France 81 21 306 158 
Germany 56 33 367 172 
C. Services to farmers ace 918, 1.58) 
U.S. .26 33 6717 270 
U.K. 1.26 43 988 1863 
France .99 24 370 257 
Germany 55 “oT 668 274 
D. Agricultural implements (6,219, 1.69) 
U.S. 41 47 2518 140 
U.K. 1.43 .65 430 663 
France 1.58 41 332 129 
Germany 28 .66 432 159 
E. Agricultural chemicals 462, 2.39) 
U.S. 51 4011 501 
U.K. ise 1.23 866 801 
France 3.13 .71 733 325 
Germany 1.25 .86 930 410 


France Germany Japan Canada Others 
270 470 446 29 1056 
317 892 196 31 1422 

3754 1384 258 17 1701 
385 6697 231 13 2143 
9a 234 146 25 405 
102 227 93 6 401 
164= 361 83 6 423 
142 2499 92 4 631 
195 384 292 54 581 
150 416 164 16 605 
244- 649 146 13 788 
236 3897 193 13 765 
10: 304 240 22 223 
102 357 110 14 280 
857 478 81 3 330 
14E 2187 141 4 476 
21- 789 508 5 636 
182 540 323 9 476 
47- 478 279 8 520 
21£ 2116 382 7 695 





Evenson 


The crop production farm sector received 
considerably more invention attention (2.4 times 
as much) than the livestock production sector. 
The services to farmer industries also received 
a high level of inventions, more than received 
by the implements and chemical inventions 
combined. 

The transferability indexes indicate that in- 
ventions used in the agricultural chemicals in- 
dustries are most transferable. The lowest levels 
of transferability (i.e., the most location-spe- 
cific) are for inventions used in the livestock 
production industries and in services to farmers. 

Table 3 reports import and export ratios for 
the four major inventing countries. Because the 
denominator of these ratios is the same, the dif- 
ferences in the ratio is a kind of net trade ratio 
(note imports from all countries are counted in 
the import ratio but only exports to the other 
three countries are counted). The United States, 
it may be noted, has a favorable ratio of exports 
to imports relative to other countries except in 
agricultural implements and to a lesser extent in 
agricultural chemicals, where Germany has a 
more favorable ratio. 

The country of origin data show that the United 
States is the leading originator, i.e., domestic 
producer, of inventions in most industries and 
that Germany is the second leading originator of 
inventions. The United States is also the leading 
“consumer” or user of inventions in all indus- 
tries. 
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Concluding Comments 


The organization of invention data by IOU has 
only recently become feasible. This paper re- 
ports the first compilation of such data for the 
agricultural industries. The data series provide 
both historical and international insights. At this 
stage the data are intended to be informative in- 
dicators. It is expected that further refinement 
in the data series and methods may be achieved 
in the future. More important, the reporting of 
these indicators should provide scholars with in- 
spiration for the further studies required to test 
hypotheses and to fully develop policy impli- 
cations. 
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International Technology Transfer: 
Private Channels and Public Welfare 


Margot Anderson and Bruce A. Larson 


The economics of technology transfer is receiv- 
ing increasing attention as economists acknowl- 
edge the role of transfer on future technological 
innovation, income, and growth. In agricultural 
economics, much research has focused on im- 
proving the international structure of intellectual 
property to facilitate technology creation and 
transfer or on analyzing the impacts of new 
technology, including that acquired from for- 
eign sources, on productivity growth and wel- 
fare (Centner and White; Cochrane; Edwards and 
Freebairn; Alston, Edwards, and Freebairn). In 
general, this body of research is either not con- 
cerned with how technology is transferred or as- 
sumes the existence of a poorly defined tech- 
nology market. But the specific channels of 
technology transfer are important in many sec- 
tors in the economy. 

In agriculture, the increasing importance of 
the private sector in the creation and transfer of 
technology suggests a closer examination of the 
channels of transfer.’ These channels include di- 
rect exports of goods that embody technology, 
foreign direct investment, technology licenses, 
and joint ventures. They can strongly affect the 
quantity of technology transferred, the distri- 
bution of gains to the agents involved, and any 
additional innovation in the importing country 
stimulated by the acquisition of the new tech- 
nology (Cheng, Pugel). In addition, policies that 
either affect transfer directly (patent rights, li- 
censing regulations) or indirectly (trade poli- 
cies, industrial policy) can have a significant 
impact on the willingness of private companies 
to trade in technology. 


The authors are economists with the Resources and Technology 
Divison, Economic Research Service, U.S. Department of Agri- 
culture. Senior authorship is shared. 

The views developed in this paper are the authors’ and do not 
necessarily represent the views or policies of the Economic Re- 
search Service. - 

! The private sector is a major source of new technology in ag- 
riculture. For example, it spent about $2.3 billion in 1984 on re- 
search and development activities, accounting for about 60% of all 
such expenditures in agriculture (Pray and Neumeyer). Of this to- 
‘tal, it is estimated that $638 million was spent on chemicals, $290 
million on farm machinery and equipment, and $954 million on 
human food (Pray and Neumeyer). 


In typical transfers of technology, for exam- 
ple between input sectors, the technology sup- 
plier may be able to structure the contract for 
the transaction to increase the benefits received. 
The concept of a technology contract is more 
appropriate than price because technology trans- 
fer is often associated with financial payments, 
which may include lump sums and payments 
based >n revenues or profits from the use of the 
technclogy, and nonfinancial conditions that 
specif” how and where the technology may be 
used and in which markets goods produced us- 
ing the technology can be sold. The technology 
supplier may also be able to include certain 
clause; into the contract to mitigate appropria- 
bility problems resulting from public good char- 
acteriscics of the technology. 

By altering the contract to fit the needs of the 
supplier and user, such channels may encourage 
technology transfer that would not occur oth- 
erwise in a market economy. For example, if 
marke:-like transfers are stifled because of mar- 
ket and/or government failure problems, these 
alternative transfer channels may also be wel- 
fare improving in a Pareto sense. How the gains 
from technology transfer are distributed across 
different groups will depend, therefore, on the 
attributes of the technology, industrial organi- 
zation in the relevant markets, and the terms of 
the contract. 

The structure of the contract for the transfer 
of technology is of primary interest here. To or- 
ganize our discussion, the paper contains two 
main sections. First, following Rees, we de- 
velop en economic model of technology transfer 
using < principal-agent framework. This frame- 
work i; applicable to a broad range of problems 
that sek to characterize the optimal form of a 
contract between two parties who face a range 
of act-ons and an uncertain state of nature. 
Lookirg at technology transfers as a principal- 
agent problem is useful because it allows us to 
analyze some important features of international 
trade ia agricultural technology such as private 
sector wansfers (and the payments associated with 
them) and uncertainty regarding agricultural and 
trade policies. 


Copyright 1991 American Agricultural Economics Association 
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After the basic model and assumptions are 
outlined, several modifications to.the basic as- 
sumptions are suggested to investigate how ag- 
ricultural and property rights policies affect the 
incentives for technology transfer and the gains 
from such trade. Given the increasing role of the 
private sector in technology development and 
tensions in international policy arenas over trade 
barriers and internal supports, the economics of 
private-sector technology transfer is a crucial, 
yet poorly understood, component in assessing 
the effects of agricultural technology transfers. 


Private Sector Technology Transfer 


Consider a simple world with two countries, A 
and B, each with an agricultural output sector, 
an agricultural input sector, and a government 
sector. The agricultural output sector uses for- 
eign and domestic inputs. to produce goods for 
domestic and foreign consumption. Country A’s 
agricultural inputs are also manufactured using 
technology developed in country B. Imported 
technology is acquired through two private 
channels: from one input sector to another, and 
from country B’s input sector to country A’s 
government sector.” Both governments also in- 
stitute policies that directly and indirectly affect 
the development and transfer of agricultural 
technology. In terms of a principal-agent frame- 
work, the technology importing firm in country 
A is the agent, while the technology supplier in 
country B is the principal. The agent uses the 
technology and other inputs, a, to produce rev- 
enue, x. The particular value of revenue, x, de- 
pends on the agent’s choice of a and the random 
variable, z, which the agent and the principal 
observe after a is chosen. The random compo- 
nent of the revenue function can be attributed to 
a number of sources. For our discussion, the 
random component represents shocks to the de- 
rived demand for agricultural inputs caused by 
uncertain agricultural and trade policies such as 
tariffs, quotas, and internal supports.’ Conse- 


? Public sector transfers are generated by the government sectors 
and include aid (capital and good transfers), exchange of scientific 
personnel, and international research activities. 

? This specification acknowledges an intertemporal component: 
input suppliers consider future demand for their products, which is 
directly affected by policies that influence agricultural production. 
The random component could also represent uncertainty associated 
with adopting new technology. For example, the technology may 
perform less well under certain environmental conditions, or certain 
preconditions that are not clearly known prior to using the tech- 
nology must be met to use the technology successfully. 
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quently, the agent’s revenue function depends 
on the degree and type of commercial policy used 
in the agricultural output sector. 

In general, the revenue function of the agent 
who uses the principal’s technology is x (a, z; c) 
where c represents possible nonfinancial con- 
ditions or clauses specified in the contract for 
the use of the technology. For now, it is as- 
sumed that the agent and the principal know the 
revenue function and can observe the value of 
x. Let y denote the portion of the agent’s rev- 


. enues from the use of the technology that are 


used to pay the principal. The technology con- 
tract, defined as Q(y, c), stipulates the terms 
under which the agent can use the principal’s 
technology. 

A basic issue revolves around whether the 
principal can observe ex post either the agent’s 
actions a or the observed value of the random 
variable z. For the moment, we assume that the 
principal can observe either a or z, and through 
x can deduce the other. Thus, the basic model 
is one of Pareto-efficient risk sharing between 
the principal and the agent (Rees). Under these 
assumptions, the payment y depends explicitly 
on z, and the basic model involves the principal 
choosing a, y(z), and c from relevant choice sets 
to 


(1) max h u(y(2))f(@)dz s.t. h væla, zc, z’) 
— y(z),a)f(2)dz = v*(2', z) 


where v*(z',z) = h v(z’, z) f(z)dz, 


where u(y) and v(x-y, a) are the principal’s and 
the agent’s Neumann-Morgenstern utility func- 
tions; v*(z’, z) represents the agent’s expected 
reservation utility; z” represents policies that af- 
fect the structure of intellectual property rights 
in the agent’s country, such as patent protection 
and licensing restrictions; and f(z) is the prob- 
ability density function over the assumed range 
[0,1]. The structure of international property 
rights, indicated by z’, enters the problem through 
the effect on the agent’s revenues and reserva- 
tion utility, v. This point will be discussed in 
the following section. 

Following Rees, the variable a is assumed to 
yield disutility to the agent and is interpreted as 
the effort or expenditure by the agent in creating 
revenues. The choices of a and c are determined 
prior to observing the state of the random vari- 
able, but the payment for the contract may depend 
on the observed value of the random variable. 
Thus, in the risk-sharing case, the Pareto-effi-. 
cient contract O(y*(z), c*) is the solution to the 
above problem (1). 
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. The model involves a true moral hazard prob- 
lem when the principal cannot observe a and z. 
In this case, the technology contract must be 
based on observed variables to the principal, 
which is often assumed to be revenues x, so the 
contract in general becomes Q(y(x), c). When 
moral hazard is present, an additional incentive 
constraint needs to be added to the model out- 
lined in (1) because the principal can no longer 
design a contract to force the agent to choose 
the optimum defined for the Pareto-efficient risk- 
sharing solution. 


Implications for Alternative Transfer 
Channels 


While the above model may seem somewhat 
general, its basic implications can yield some 
insights into previous studies of agricultural 
technology transfer. For example, in an inter- 
national context, it is not at all clear that the 
principal can observe the agent’s actions a or 
the random variable z. One implication of such 
a situation is that the firm may have an incentive 
to change its basic structure to mitigate such 
problems. For example, rather than attempting 
to structure a complicated technology contract 
to deal with moral hazard problems, the prin- 
cipal could acquire an equity holding in the agent 


to improve observability of a, z, and/or x. In’ 


fact, the option of altering the basic structure of 
the firm, namely foreign direct investment, is 
one common form of international technology 
transfer and may be one method to mitigate moral 
hazard problems. 

A transactions cost and monitoring story, which 
falls under the rubric of “internalization the- 
ory,” is offered to explain foreign direct in- 
vestment.* In this view, direct investment in- 
volves a transfer of money capital and also a 
transfer of other resources including manage- 
ment services, technology, and “firm-specific 
knowledge” which, because of public good and 
monitoring problems, may be associated with 
appropriability problems. Thus, in this view, 
foreign direct investment may allow certain 
transactions to take place within multinational 
enterprises (MNE) that otherwise would not have 
occurred. 

That foreign direct investment (FDI) is an im- 
portant factor in international trade is clear. As 


t Foreign-direct investment occurs when a parent company es- 
tablishes a subsidiary in another country or when a parent firm ac- 
quires a controlling interest in an overseas company, where a con- 
trolling interest implies at least 10% ownership of equity capital of 
the firm (U.S. Department of Commerce). 
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of 1984, the world stock of FDI was about $599 
billion, with the U.S. accounting for about 40% 
of the total. By 1987, U.S. FDI grew to $309 
billion (U.S. Department of Commerce). The 
United States is also the home for a substantial 
portior. of FDI, about $262 billion as of 1987. 
The quantity of trade destined for foreign-based 
subsid:aries, which is one indicator of the im- 
portance of foreign direct investment as a tech- 
nology channel, is substantial in the U.S. econ- 
omy and in the agricultural sector specifically. 
For example, in 1986, about 40% of all U.S. 
trade cccurred between U.S.-based parent com- 
panies and their foreign affiliates, or U.S.-based 
affiliates of foreign based parent companies (U.S. 
Department of Commerce). In U.S. merchan- 
dise trade, exports from U.S. parent companies 
to them foreign based affiliates accounted for 
abcut £:57.5 billion, or about 27.5% of total U.S. 
merchandise exports (excluding mineral fuels) 
(U.S. Department of Commerce). As of 1986, 
U.S. cirect foreign investment abroad totaled 
$10.6 billion in food industries, $23.0 billion in 
chemicals, and $22.4 billion in machinery.” In 
1986, che foreign direct investment position in 
the U.5. was $11.8 billion in food industries, 
$22.9 >illion in chemicals, $3.8 billion in non- 
electrical machinery, and $1.2 billion total in 
agricukure, foresty, and fishing. 

Once intrafirm trade is considered, the qués- 
tion of intrafirm prices, known as transfer and/ 
or internal prices and the more general concept 
of a technology contract becomes important. For 
exampE, beyond direct pricing mechanisms, the 
U.S. Department of Commerce reports that in- 
trafirm loans are a major source of funding for 
affiliated trade. The literature on multinational 
enterprises seems to view foreign direct invest- 
ment as establishing similar objectives for the 
parent company (the principal) and the subsid- 
iary (tte agent), and that transfer prices can be 
used tc the overall advantage of the MNE, per- 
haps a: the expense of other. countries, espe- 
cially developing countries. As a result, many 
governments have established rules and regu- 
lations to limit the scope for transfer pricing. 

Another important channel of technology 
transfer is technology licensing, which is a form 


5 Of total U.S. MNE exports in agricultural-related industries in 
1970, intafirm trade accounted for 34% of the total in the food 
industry, 36% in chemicals, and 49% in farm machinery (Gnm- 
wade). 

é In the U.S. for 1977, related-party imports as a percentage of 


total imports were: 20% in beverages and tobacco, 23% in fish, - 


40% in fraits and vegetables, 19% in oilseeds, 38% in crude fer- 
tilizers an-1 minerals, 43% in chemical elements, 23% in manufac- 
tured fertiizers, and 60% in machinery (Grimwade). 
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of nonequity international transfer of manage- 
ment services and technology that can occur be- 
tween independent firms ( and governments), a 
parent company and a subsidiary, or two firms 
involved in a joint venture. Licensing arrange- 
ments are contracts between an owner of tech- 
nical knowledge and a potential user. The li- 
cense contract often involves a lump-sum 
payment and a royalty fee based on a percentage 
of revenues or profits from the use of the tech- 
nology. In 1981, for example, the United States 
was the destination: of $7.2 billion, or about 50% 
of total world licensing income, of which $5.8 
billion came from foreign affiliates ($1.3 billion 
in developing countries) and $1.4 billion was 
through unaffiliated trade (Grimwade). 

Besides the payment stipulated in the licens- 
ing contract, clauses are often written into the 
contract that allow the principal to retain further 
control of the technology. Such clauses include 
restrictions on sharing information, using the 
technology for reasons other than that stipulated 
in the contract, and geographic location of pro- 
duction. In addition, certain standards of quality 
in the produced good may be stipulated, and firms 
may be required to purchase specific inputs in 
conjunction with the licensed technology.’ 

Katrak analyzes the case where a firm ac- 
quires a foreign technology through a licensing 
agreement that includes a fixed Jump-sum pay- 
ment and a payment based on a percentage of 
the firm’s revenues. In the Katrak model, where 
both the technology supplier and the importing 
firm are profit maximizers and there is no un- 
certainty, it is shown that the importing firm 
prefers a lower payment based on revenues with 
a higher lump-sum payment for any total con- 
tract value. The logic is that a payment based 
on revenues reduces the incentives to innovate 
- further after the transfer of the technology. 

- In terms of the model outlined in (1), when 

both the principal and the agent have constant 
absolute risk aversion r, and r,, respectively, a 
linear contract of the form y(z) = bx(z, a, c) + 
d is an efficient way to share risk, where b = 
Yal(rq + rp), and d is a lump-sum payment. 
However, only when the agent is risk neutral is 
it efficient from the agent’s perspective to push 
for a lump-sum technology contract because a 
lump-sum contract places all the risk of using 
the technology on the agent. Thus, there is a 
trade-off between risk sharing and the incentives 
for domestic innovation. Further analysis of this 


? For example, for many years Argentine tractor producers who 
were subsidiaries of international firms were required to use local 
inputs in most phases of production. 
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trade-off is possible using the framework out- 
lined in model (1). 


Effects of Agricultural Policy on 
Technology Transfer 


The pressure to restructure international agri- 
cultural policy is clearly evident. Since 1985, 
U.S. agricultural programs have reduced sup- 
port levels and removed some of the incentives 
to increase yields. In the international arena, the 
current GATT negotiations are striving to re- 
duce both internal and external support in de- 
veloped countries in favor of a more market-ori- 
ented system. In addition, the developing 
countries are arguing in favor of reducing trade 
barriers on tropical products. While the in- 
duced-innovation hypothesis suggests that the 
development of new technology depends on do- 
mestic and international economic conditions, 
little attention has been directed to how agri- 
cultural policy influences the terms and, there- 
fore, the welfare impacts of technology transfer. 

Within the context of the model developed 
here, agricultural policies affect the agent’s rev- 
enues and reservation utility level through the 
variable z.° For a small country, which can take 
international prices as fixed, subsidies for pro- 
ducing commodities in the agent’s country in- 
crease agricultural output and increase the de- 
rived demand for agricultural inputs, whether 
produced with the imported technology or not.’ 
Thus, the agent’s revenues and reservation util- 
ity level may increase with a production sub- 
sidy. Whether the principal is also better off with 
the subsidy depends on whether the. total value 
of the contract arises or falls with the policy 
change. For the case of constant absolute risk 
aversion discussed earlier, the variable portion 
of the payment will increase, but the fixed por- 
tion of the contract will rise or fall as necessary 
to maintain the agent at the new higher reser- 
vation utility level. Thus, in general, a produc- 
tion subsidy could improve or reduce the prin- 
cipal’s utility. Conversely, removal or reduction 
of the production subsidy in a small economy 
case could result in a decline in commodity out- 


* Similarly, the agent’s revenues and reservation utility can be 
determined partially by trade policies, such as tariffs or quotas on 
agricultural commodities. Any anticipated change in the level of a 
tariff can affect demand in the agricultural output sector for im- 
ported technology. 

? If there are quality differences between inputs produced with 
domestic and foreign technologies, then policy will affect the de- 
rived demand for the inputs differently. 

10 Consumers are worse off in the agent’s country if they finance , 
the government, which incurs larger costs to finance the subsidy. 
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put and reduce agricultural revenues. The agent’s 
utility falls, but again the principal’s utility may 
increase or decrease. 

Currently, many developing countries face 
significant trade barriers on processed products 
through tariff escalation policies. Restrictions on 
exports of processed products has probably lim- 
ited local technological innovation and damp- 
ened the demand for foreign processing tech- 
nology. In terms of the model developed here, 
the agent’s revenues from food-processing ac- 
tivities are reduced when trade policies restrict 
the demand for the agent’s output. Removing or 
reducing trade barriers probably would increase 
the demand for foreign processing technology 
and/or increase the level of local research and 
development activities. However, as Mowery and 
Rosenberg point out, it may be difficult for a 
country to catch up after years of preferential 
treatment that allowed foreign producers to gain 
and maintain market share in processed prod- 
ucts. 

Restructuring trade policies may also influ- 
ence the level of direct foreign investment in the 
agent’s country, given that the proliferation of 
MNE’s is partially attributable to tariffs and 
nontariff barriers that would prevent the prin- 
cipal from directly exporting to the agent. Re- 
forming agricultural policies could increase ex- 
port sales and remove some of the incentives for 
firms to invest in overseas subsidiaries, thereby 
having a dampening effect on technology trans- 
fer. For example, MNE activity is particularly 
strong in the pesticide and food-processing sec- 
tors, and a major contributing factor to in- 
creased overseas investment has been attributed 
to tariff (and nontariff) barriers to trade (UNIDO, 
Handy). The Argentine tractor industry provides 
an excellent example of the effect of tariff and 
agricultural policy on input industries. Until the 
late 1970s, Argentina’s tractor industry was 
composed of subsidiaries of multinational trac- 
tor manufacturers. In 1978, a significant decline 
in MNE tractor production occurred due to pol- 
icies that fixed agricultural prices below world 
market price and reduced tariff rates on im- 
ported tractors (Sievers). 


Changing Intellectual Property Rights 


There is a stylized view that improving the ex- 
cludability of technology benefits, such as 
through changes in the international structure of 
intellectual property, will increase private-sec- 
tor incentives to invest in technology develop- 
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ment, increase the transfer of technology across 
countries, and increase earlier disclosure of the 
innovation. The combination of these events is 
also thought to stimulate research by the firm 
(or country) that purchases the patented prod- 
uct. 

In the model presented above, the agent’s 
revenues and reservation level of utility depend 
on the degree of intellectual property rights pro- 
tection in the agent’s country, represented in (1) 
as z’. Within the current GATT negotiations, 
which contain provisions on international prop- 
erty rights, major technology-supplying coun- 
tries are arguing for. tighter restrictions on the 
use of foreign technology. The impact of a change 
in the structure of intellectual property rights can 
be examined using two simple scenarios. Let z’ 
= Q represent the case of no protection for for- 
eign technology, and z’ = 1 be the case of full 
protection. In the case of no protection, the agent 
uses the foreign technology without paying for 
the right to do so. In this case, the agent’s utility 
obtained through pirating the technology, de- 
noted here as v*(z’ = 0, z), is greater than that 
which could be obtained from using some other 
existing technology, v. 

If the structure of international intellectual 
property moves to full protection, z’ = 1, the 
principal and the agent would have to agree on - 
a mutually acceptable contract for the technol- 
ogy to be transferred. Because of the policy 
change, the agent’s reservation utility level be- 
comes v < y*¥(z' = 1, z) < v*(z’ = 0, z), and 
the principal can obtain some benefits from 
transferring the technology. Thus, the agent is 
worse off having to pay for the technology. The 
agricultural sector may be better or worse off, 
depending on the level of inputs produced with 
the legally imported technology; the quality of 
the input; and whether patent production en- 
courages increased technology transfer from other 
suppliers. These issues are yet to be resolved. 


Conclusion 


Couching technology transfer within a principal 
agent framework allows us to focus on a number 


'! However, as Adikibi observes for the Nigerian case, the terms 
by which patents are actually uiilized in the particular country de- 
termine whether in fact any knowledge is transferred /utilized in a 
cour.try. In the Nigerian case, tecause of basic problems in design 
and implementation in the Nigerian patent systems as well as mul- 
tinational corporation contracts for the economic exploitation of 
patented information, patents owned by foreign companies were 
not actually utilized in Nigeria. Thus, patents did not imply tech- 
nology flow, disclosure of inventions, or further innovation based 
on the patented technology. 
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of salient features that describe international trade 
in agricultural technology. These features in- 
clude the increasing importance of the private 
sector’s role in transferring technology and un- 
certainty regarding agricultural and trade poli- 
cies. An examination of the channels of transfer 
indicate different impacts on the transferring and 
receiving countries depending on the degree of 
uncertainty, the channel of transfer, and the type 
of public policies implemented. Assessing the 
costs and benefits associated with technology 
transfer will likely become more important in 
agriculture as countries face a more competitive 
environment in both technology and agricultural 
trade. ; 

Further research needs to address these issues 
in more detail to help determine how contract- 
ing behavior changes over time or why some 
firms favor certain kinds of contracts depending 
on the type of technology transferred, the de- 
gree of uncertainty and the level of government 
intervention. In addition, we need to explore the 
implications of policies, other than reforms in 
property rights, that directly affect the creation 
and international flow of technology. 
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Technology Policy and Agriculture: 


Discussion 


John Reilly and Roger Conway 


The papers address two important forces affect- 
ing agricultural research and development: (a) 
how technology trade and innovation fit into an 
increasingly integrated world and agricultural 
economy and (b) the changing roles of pubiic 
and private funding. 

Evenson adds an empirical foundation to the 
issue of technology flows among countries, a 
major contribution despite the difficulties of us- 
ing patent data as an indicator of inventiveness. 
Three broad points of interpretation are worth 
emphasizing. First, considerable caution should 
be used in interpreting a decline in U.S. pat- 
enting in the 1980s as a decline in inventive- 
ness. Poor protection of intellectual property 
rights abroad and increasing internationalization 
may have provided a growing incentive for firms 
tc use trade secrets even though property rights 
were protected in the major developed countries 
considered by Evenson. Comanor and Scherer, 
for example, found a secular decline in the pro- 
pensity to patent. Additionally, changing qual- 
ity of patents, relative propensity of large versus 
small firms or of firms in different countries to 
patent, differences in patent laws across time and 
countries, and relative likelihood of process ver- 
sus product patenting all affect the accuracy of 
using patents to compare inventiveness across 
countries, industries, and over time. Bosworth 
suggested weighting a patent by the number of 
years it remains extant as a measure of quality. 
Scherer notes that larger firms tend to issue pat- 
ents on minor advances at a great rate. 

Second, if private sector inventiveness has ac- 
tually decreased in the United States, it is likely 
indicative of reduced research and development 
(R&D) opportunity or effectivness because, as 
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Frisvole reports, real private R&D expenditures 
in the United States have increased at an aver- 
age rate of 2% per year during the 1970s and 
1980s. This means the cost of maintaining ag- 
riculturel productivity gains and the historical 
trend of declining agricultural commodity prices 
increased in the 1980s. The decline in inven- 
tiveness, however, is a big if, and the future im- 
plications are unclear. The 1980s may be one of 
the cyclical patenting downturns evident in 
Evenson’s data. Such downturns may represent 
slow stert-up periods during which research ac- 
tivity srifted to new opportunities. Biotechnol- 
ogy may have been such an opportunity in the 
1980s with, perhaps, the patenting payoff yet to 
come. 

Third, while the relative loss of U.S. inven- 
tiveness is consistent with the general observa- 
tion tha: research has picked up abroad as many 
countries have caught up technologically with 
the Uniced States, the welfare implications for 
the United States are unclear. In terms of overall 
national competitiveness, the important ques- 
tion is who appropriates the returns to invention. 
With internationally diversified stock owner- 
ship, maltinational companies, and research and 
field-testing to take advantage of countries with 
favorab.e climates (in both the sense of weather 
and regulation/economics), the country where 
the invention is first patented may not be the 
country that appropriates the gain from a patent. 
Even accepting a relative loss of U.S. inven- 
tiveness, a broadening of inventive activity be- 
yond tke United States would be beneficial 
through lower world commodity or input prices. 
Another explanation of the trend is that gradual 
reducticn in U.S. agricultural technology iso- 
lation may have led to an increase in technology 
imports indicating a shift in demand for im- 
ported <nventions rather than a failure of U.S. 
inventiveness supply. U.S. companies may have, 
appropuiately, shifted R&D funds from devel- 
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oping new patented products to marketing al- 
ready developed technologies. This interpreta- 
tion would again lead one to welcome the trend 
toward increased technology imports because it 
would increase the competitiveness of the U.S. 
technology users. 

Anderson and Larson analyze private firm, 
international technology transfer using a prin- 
cipal-agent approach. Focusing on the relation- 
ship between inventor and user raises directly 
the issue of how the gains to invention are shared 
in contrast to Evenson’s data on who invents. 
The model highlights the need for firms to be 
flexible in exploring alternative strategies for 
transferring technology including, for example, 
arms-length licensing, creation of subsidiaries, 
and cooperative and joint development projects. 
It would be useful for the authors to develop a 
greater degree of structure to their model. While 
such structure would limit its applicability, greater 
insight would be provided into the specific con- 
ditions where it remained applicable. We raise 
several specific points below. 

While there is a principal, i.e., the inventor, 
technology diffusion and licensing may include 
multiple agents. For example, an inventor may 
consider many agents until the agent (company 
or country) willing to negotiate the most favor- 
able deal is found. In Anderson and Larson’s 
model, the successful agent will be the one with 
the lowest level of risk aversion because this agent 
would be willing to accept the most risk. Large 
companies that can successfully pool risk across 
numerous new inventions may be willing to ac- 
cept considerably riskier individual projects. If 
(companies in) developing countries are more 
risk averse, such a conclusion would explain a 
bias against rapid diffusion in developing coun- 
tries. A single agent model also does not ad- 
dress why an inventor may license the invention 
to multiple agents rather than grant an exclusive 
license trusting the single agent to appropriate 
benefits across countries. » 

Anderson and Larson interpret the problem as 
one where the principal (the inventor) is rela- 
tively information-deficient relative to the agent. 
Presumably, the principal would have more 
complete access to the technology performance 
and therefore may have an information advan- 
tage. The agent, as well as the principal, could 
be the victim of moral hazard. The principal has 
the potential to greatly reduce the value of the 
licence by establishing additional licenses or by 
developing succeeding technologies. 

The authors contrast their model with trans- 
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actions cost models, but the principal-agent for- 
mulation appears to be a special case of the 
transactions cost approach. Williamson identi- 
fies small numbers, information asymmetries, 
and bounded rationality as key elements that give 
rise to transactions costs and lead to internali- 
zation. The principal-agent problem is the spe- 
cial case where the small number is two, i.e., 
one supplier and one demander. 

The authors also suggest analysis of the small 
country case where agricultural prices are fixed. 
One must exercise caution because, if the tech- 
nology inventor fully exploits the technology, it 
means that the commodity price will fall in most 
cases. 

The authors conclude that any restrictions on 
private sector transfers could result in less tech- 
nology developed, as firms are constrained in 
earning the maximum return on their invest- 
ment. The reduction in return may not be as great 
as one would initially imagine given that com- 
modity trade could substitute for technology 
trade. If one envisions technology as a factor of 
production, then results of the Hecsher-Ohlin 
trade model yielding factor price equalization 
even with restricted trade in the technology fac- 
tors apply, i.e., the technology would receive 
the same return whether traded or not if there 
were trade in commodities. 

Frisvold, and Knudson and Pray deal with 
public versus private roles for R&D. Each pro- 
vides a unique interpretation of the public R&D 
funding decision. A shortcoming of both papers 
is the treatment of the private R&D decision as 
exogenous. The more general model would view 
levels of each as jointly determined. In this re- 
gard, the Frisvold conclusion that the public 
sector should alter its research agenda to com- 
plement that of the private sector follows di- 
rectly from the assumption that private sector 
R&D is predetermined. The apparent comple- 
mentarity of some private and public R&D in 
Knudson and Pray’s paper is a challenge to Fris- 
vold’s assumption of substitutability. Knudson 
and Pray’s formulation of the SAESs as budget 
maximizers is an important and useful departure 
from the traditional assumption of fixed bud- 
gets. The results are intriguing but a fuller dis- 
cussion of the data would be helpful. A more 
complete theoretical derivation of the empirical 
model would also help clarify the choices im- 
plicit in the model variants estimated. Because 
few of the coefficients remain significant and 
several change sign over the various specifica- 
tions, it is difficult to draw general conclusions. 
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Technology Policy and Agriculture: 


Discussion 


Marie E. Walsh 


Agriculture is already technologically sophisti- 
cated and will become increasingly so as new 
biotechnologies and information technologies 
become’ available. Increasingly, however, agri- 
cultural technologies and practices are being 
questioned for their environmental, food safety, 
and animal welfare impacts. Society is con- 
cerned about the distributional impacts of new 
technologies as well as efficiency implications. 
Policy makers are faced with designing agricul- 
tural policies that consider these impacts. Ag- 
ricultural economists can assist this process by 
evaluating the costs, benefits, and tradeoffs that 
society must face with respect to new technol- 
ogy development. They can play a potentially 
significant role in the design of technology pol- 
icy to encourage the development of new tech- 
nologies deemed most suitable by society. 

The organizers of this session asked me to 
evaluate these papers from a policy perspective 
and to discuss their contribution to the policy- 
making process. As such, my comments are 
likely to be more critical of the papers and the 
agricultural economics profession than those of 
the other reviewers. In the area of agricultural 
technology policy, there is a genuine need to 
develop sound economic theory, to improve an- 
alytical methodologies, and to provide consis- 
tent data. In this context, all of the papers ex- 
tend the knowledge base needed to analyze 
technology issues. All of the papers present tan- 
talizing possibilities as to how they can be used 
in agricultural technology policy analysis. The 
Anderson and Larson paper provides a new way 
of thinking about international technology trans- 
fer and the roles played by intellectual property 
rights and agricultural policy. The Evenson pa- 
per verifies the growing realization that other 
countries have dramatically improved their tech- 
nology development capabilities and provides a 
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much needed data set for further analysis. The 
Frisvold paper provides a framework for ana- 
lyzing the allocation of public research funds to 
achieve market and nonmarket goals. The 
Knudson and Pray paper provides empirical 
analysis of the increasingly important issue of 
the privatization of public research. All of the 
papers provide improved theory, data, and an- 
alytical methodology needed to analyze tech- 
nology issues, a necessary first step. 

My criticisms of these papers and of agricul- 
tural technology papers in general arise from the 
frustrations of someone working in the agricul- 
tural technology policy field. Ideally, one would 
like to be able to find all of the information 
needed in the agricultural economics literature. 
However, rarely is the necessary analysis avail- 
able. All too frequently, agricultural economics 
journals contain no articles relating to technol- 
ogy issues; and, when articles are present, they 
frequently are abstract, theoretical, and generic 
frameworks for evaluating an issue, much as the 
papers in this session are. Abstract frameworks 
do not present the type of information needed 
in a format that is useful to policy makers. Pol- 
icy makers and their staffs have neither the time, 
resources, nor in many cases, the expertise to 
extend a theoretical paper to its logical conclu- 
sions and implications. In the arena of technol- 
ogy policy making, theoretical frameworks are 
often filed and ignored, and as such have a min- 
imal impact on policy. 

When empirical studies are conducted, they 
frequently fail to address the questions of policy 
interest. Efficiency and aggregate impacts are 
important, but they are not the only things that 
are important-——issues of equity, distribution, 
intellectual property rights, environmental qual- 
ity, food safety, animal welfare, and budget 
constraints are also on the minds of policy mak- 
ers. They want to know how policies and tech- 
nologies will differentially affect segments of the 
economy and how farms of different size and- 
type and in different geographical regions will 
be affected. 

The challenge for agricultural economists is 
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to provide policy makers with timely, relevant 
information on the costs and benefits of differ- 
ent technology policy options and to help them 
understand the tradeoffs that will occur. Ex ante 
analysis is generally preferable to ex post anal- 
ysis. Rigorous quantitative analysis is desirable, 
but it is not the only way to participate in the 
agricultural technology policy debate. A well- 
constructed qualitative presentation of the pros 
and cons of specific policy alternatives and the 
relative direction and magnitude of expected im- 
pacts can be invaluable in the design of tech- 
nclogy policy. Fortunately, CHOICES maga- 
zine provides a forum for agricultural economists 
to discuss important issues and to do so in En- 
glish rather than mathematical equations, so non- 
economists can understand. Frankly, in the area 
of agricultural technology policy, articles in 
CHOICES are frequently more useful than those 
in the AJAE and other agricultural economic 
journals. 
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Evenson concluded his paper with the hope 
that the information provided will inspire schol- 
ars io perform further research to test hy- 
potheses and develop policy implications. I 
wholeheartedly agree. My remarks have been 
critical on purpose. All of the authors have made 
an important first step. Sound theory is essen- 
tial. But for policy analysis, it simply is not 
enough. I urge agricultural economists to do ex 
ante analysis on specific policy options and 
technologies and to broaden the issues that they 
address to include nonmarket values and distri- 
buticnal implications. Failure to do so will pre- 
clude agricultural economists from participating 
in the agricultural technology policy debate and 
from making contributions that they are so ca- 
pable of making. Considering the increasing im- 
portance technology issues will have on agri- 
culture, failure to participate actively in this 
debate is an embarassment to the profession and 
one that I hope will not occur. 


Technology Policy and Agriculture: 


Discussion 


James F. Oehmke 


The papers by Anderson and Larson, and Fris- 
vold are similar in that each paper advocates the 
application of theories developed for other prob- 
lems to technology generation and transfer: An- 
derson and Larson suggest greater application of 
the principal-agent paradigm, while Frisvold 
Suggests greater use of industrial organization 
(among other) results. Although the advocacy of 
new applications is extremely ambitious, these 
papers make some progress toward their goals. 
The papers are similar in their style of argu- 
ment. Each paper provides a brief description of 
the relevant theoretical results, discusses why 
some of the theoretical assumptions may (or may 
not) be appropriate for modeling technology 
generation or transfer, and gives a taste of pol- 
icy implications that can be derived from these 
theories. 

However, in part because of the ambitious 
goals, these papers are not completely success- 
ful. For example, Anderson and Larson’s dis- 
cussion of policy effects on the Argentine tractor 
industry is unconvincing: Why is a principal-agent 
framework needed to indicate that if prices are 
below the equilibrium level, then output will be 
below the equilibrium quantity? Similarly, Fris- 
vold’s discussion of quality-improving research 
does not seem to depend on the industrial or- 
ganization of the market; demand shifts which 
raise equilibrium price tend to decrease the costs 
of a target price program when target prices are 
set above the equilibrium price under most 
imaginable industry structures. 

Each of these papers would be greatly im- 
proved by focusing on one or two observations 
or empirical regularities which are not explained 
adequately by existing models of technology 
generation and transfer. This will entail greater 
discussion of the behavior to be explained and 
of the failure of existing models to explain this 
behavior. For example, Anderson and Larson 
would be more convincing if they compared the 
implications of the relevant principal-agent model 
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to other explanations of multinationals, such as 
noncompetitive markets (e.g., Krugman) or fac- 
tor endowments (e.g., Dinopoulos, Oehmke, and 
Segerstrom), and found that the principal-agent 
framework best matched empirical observation. 
Perhaps the existing models do poorly in situ- 
ations where risk is an important consideration. 

Despite my reservations, I encourage the au- 
thors to pursue these lines of inquiry by devel- 
oping more detailed models which yield testable 
implications. I agree with Frisvold’s recommen- 
dation that revealed preference arguments may 
provide a better understanding of government 
behavior toward public research (e.g., Oehmke 
and Yao). I particularly agree with his recom- 
mendation for the establishment of a better data 
base on private R&D. It is impossible to deter- 
mine which models have the most accurate be- 
havioral implications without accurate data. 

Evenson contributes to our understanding of 
private R&D by examining patent data. This pa- 
per does an excellent job of finding information 
on private R&D outputs, which is normally dif- 
ficult to obtain, and of organizing the data in 
an informative manner. Three intriguing facts 
emerge: (a) the annual average number of U.S. 
agriculturally related inventions patented in the 
United States fell between the 1970s and 1980s, 
while the annual average number of foreign in- 
ventions patented in the United States rose over 
the same period (Evenson, tables 1—3); (b) the 
absolute number of U.S. patents has declined in 
the 1980s from the 1970s (Evenson, tables 1— 
3); and (c) the United States has been a net ex- 
porter of patentable, agricultural inventions to 
France, Germany, and the United Kingdom over 
the 1960—87 period (Evenson, table 4). 

The data presented in this paper raise a num- 
ber of important questions: Does the recent de- 
cline in the number of patents portend a time of 
stagnating agricultural productivity? Is the in- 
creased percentage of U.S. patents originating 
in foreign countries a result of technological 
factors such as a relative decline in U.S. re- 
search productivity, monetary factors such as 
fluctuating exchange rates and the strong U.S. 
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dollar, or other causes? Is the increased impcr- 
tation of foreign technology a signal of declin- 
ing U.S. technical competitiveness, or is it so- 
cially beneficial because it makes improved 
technology more easily available to farmers and 
processors? 

Pray and Knudson focus on the interaction 
between the public and private research sectors 
in a political economy framework. As Frisvold 
points out, this is an important direction of re- 
search. Pray and Knudson’s regression analysis 
shows the importance of the private sector and 
incentives designed for the private sector in de- 
termining the level of public research expendi- 
tures. The three most interesting explanatory 
variables in this analysis are private research ex- 
penditures, which have a negative. but not sta- 
tistically significant effect on public expendi- 
tures; potential public-sector royalties from 
public-sector research, which has a positive and 
in one case statistically significant effect; and 
industry contributions to experiment stations, 
which has a positive and significant effect. Be- 
cause the data are separated by commodity, the 
last result can be interpreted to mean that private 
contributions can redirect the commodity focus 
of experiment station research. 

The regression analysis could be improved in 
further work. Annual observations should pe 
available for the data. Use of annual data would 
allow investigation of questions such as incre- 
mentalism in.the budgeting process. The num- 
ber of observations would be increased suffi- 
ciently to test hypotheses about differential effects 
of private sector actions on different commod- 
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ities. While such hypotheses are discussed in the 
text, they are not testable in the current regres- 
sion framework. 

One peculiarity in the paper is the discussion 
of private sector “crowding-out” of public sec- 
tor research. This direction of effect suggests that 
the public sector has a comparative advantage 
in research relative to the private sector. While 
those of us committed to public institutions ac- 
cept this as fact, the industry as a whole may 
not be so lenient. 

Finally, Pray and Knudson examine the im- 
plications of their regression analysis for opti- 
mal allocation of research expenditures. Using 
their (admittedly crude) measure of social ben- 
efits, they find that industry contributions to the 


. public sector push the cross-commodity alloca- 


tion of public research funds closer toward a so- 
cial optimum. This intriguing phenomenon de- 
serves more thorough empirical investigation and 
conceptual explanation. 
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The 1990 Farm Bill and the GATT Outcome 
(Alex F. McCalla, University of California, Davis, presiding) 


The Effect of the 1990 Farm Bill 
on Agricultural Trade 


George E. Rossmiller and Rachel A. Nugent 


A struggle has taken place across the Atlantic 
between the pocketbooks of the U.S. federal 
government and the European Economic Com- 
munity during the 1980s. The battlegrounds have 
been importing countries that have received 
heavily subsidized exports of agricultural goods 
from the two big producers. The casualties are 
competing exporters and those, often third world 
countries, who would produce and perhaps even 
export agricultural products in an undistorted 
world market. Two major policy events during 
1990 threatened to alter the weapons and for- 
tunes in this trans-Atlantic struggle: reauthori- 
zation of the five-year U.S. farm legislation and 
the global trade negotiations under the GATT. 
This paper reviews briefly the status of these two 
events and summarizes expected trade impacts. 
Both events promised to address long~stand- 
ing imbalances in agricultural markets. The 
combination of policies in the United States and 
EC, increases in farm yields, and saturation of 
domestic markets had led to recurring condi- 
tions of excess capacity, turbulent farm sector 
economies, and competition for international 
markets. These trends began with policy changes 
in the early 1970s that contributed to huge gov- 
ernment outlays as the 1980s progressed. 
Pressure to alter the policy course became se- 
vere in the United States as government support 
for agriculture soared and high loan rates in the 
1981 Farm Act curtailed U.S. markets overseas. 
The 1985 U.S. farm legislation increased mar- 
ket-.competitiveness by lowering loan rates and 
maintained target prices at 1985 levels for two 
years before phasing in a 10% reduction be- 
tween 1988 and 1990. The EC was likewise 
making marginal policy changes that would re- 
duce its budgetary exposure and lower payments 
to farmers on selected commodities. The result 
was eventual lowering of budget outlays, but not 
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before they peaked at an all time high of $26 
billion in the United States and over $30 billion 
in the EC in 1986. 

Countering the trend toward lower support, 
both the EC and United States were actively vying 
for export markets by selling commodities at 
substantially cut-rate prices. The United States 
initiated the Export Enhancement Program (EEP) 
to directly counter the EC’s export subsidies in 
designated markets. 

The strong budgetary commitment continued 
steadily until a pause caused by the North 
American drought of 1988. World market prices 
rose as a result, and U.S. and EC government 
costs of agricultural programs plummeted. 
Strengthened prices and lower subsidies did not 
last, however, as the underlying trends causing 
surpluses resumed. 


1990 Farm Bill 


The debate over the 1990 U.S. farm bill began 
as a whisper. On most issues, participants were 
content to maintain the elements of the 1985 farm 
bill, at least until the outcome of GATT trade 
talks was known. It was widely expected that 
the real changes would come after a GATT 
agreement and would be incorporated into a 1991 
farm bill. 

The 1990 farm bill did make some change in 
farm programs. The legislation written during 
the summer and fall froze target prices through- 
out the life of the bill, controlled production 
through acreage reduction and conservation re- 
serve programs, and increased farmers’ flexi- 
bility in planting decisions. The bill carried a 
pricetag of about $55 billion for the 1991—95 
period—about $2 billion—$5 billion more than 
continuing the features of the 1985 farm legis- 
lation over this period. 

In October, when the drafted farm legislation 
was being finalized by a conference committee, 
Hill negotiators and the Bush administration 
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agreed on a deficit reduction package to avoid 
the more stringent budget cuts that would have 
been necessary under the Gramm-Rudman- 
Hollings Budget Reduction Act. Farm support 
programs were among the most severely af- 
fected. Budget negotiators informed the agri- 
culture committees they must cut $13.6 billion 
from the five-year legislation—about a 25% de- 
crease—with $1.4 billion in immediate cuts for 
fiscal year 1991. This was still less than the 32% 
cut that would have been required under Gramm- 
Rudman-Hollings for fiscal year 1991. Direct 
support reduction in 1991 is estimated at about 
$500 million under the Budget Reconciliation 
Act versus an estimated $2 billion reduction had 
a Gramm-Rudman-Hollings sequestration taken 
effect. The budget summiteers effectively forced 
some policy changes in farm programs that were 
politically infeasible if left to the agriculture 
committees on the Hill. 

One of the primary cost-cutting measures 
adopted was the so-called “triple-base” for cer- 
eals and cotton. The triple base reduces crop 
acreage eligible for support payments by a man- 
datory 15% (and an additional optional 10%) 
while allowing farmers to grow crops on that 
acreage (including program crops) and sell those 
crops at whatever price the market will provide. 
In effect, a farm is divided into one section that 
is eligible for full program payments, another 
section that must be idled to comply with acreage 
reduction requirements, and a third section that 
can be planted in any crop (other than fruits or 
vegetables) to provide earnings not subject to 
government subsidies. The triple base has the 
effect of decoupling production at the margin 
from government payments. This will likely 
prove to be the most important policy change in 
the 1990 legislation. 

Some: of the other notable budget-cutting 
measures included in the deficit package are a 
change in the calculation of average market prices 
from a five-month to a twelve-month basis so 
that a higher market price basis is used to cal- 
culate deficiency payments, new loan origina- 
tion fees and service charges for program par- 
ticipation, and a move to guaranteed loans from 
direct loans for Farmers Home Administration 
and Rural Electrification Administration lending 
programs. | 

The budget reconciliation bill contains some 
major adjustments in the event there is no GATT 
agreement by July 1992. Specifically, $1 billion 
must be provided for export promotion (EEP), 
a marketing loan program for wheat and feed 
grains must be instituted, and acreage reduction 
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minimam requirements may be waived. If an 
agreement is concluded but not implemented by 
July 1€93, the secretary of agriculture must con- 
sider waiving the spending reductions in the bill, 
increasing funding for export promotion, and in- 
stitutin2 a marketing loan for wheat and feed 
grains. This clause was insisted upon by Capitol 
Hill in an effort to put additional pressure on the 
European Community in the GATT negotia- 
tions. 


Impac: on Trade 


The efect of the combined 1990 farm bill and 
the bucget reconciliation act on the composition 
and level of agricultural production and trade is 
unclear for several reasons. First, the triple base 
allows farmers to plant alternative crops on up 
to 25% of their program crop base without los- 
ing program base acres. Presumably, farmers will 
make this planting decision, at least at the mar- 
gin, besed on expected market returns of the 
commcdities they are technically able to pro- 
duce. 

But zovernment support for farm incomes is 
substantially reduced. With the frozen base yield 
now sisnificantly below trend yield and the 15% 
mandatory reduction in program crop acreage 
eligible for support payments, fully 26% of corn 
production and 23% of wheat production in 1990 
would aave been ineligible for support. The per- 
centage of production ineligible for support can 
be expected to increase with rising yield trends 
but may vary among commodities depending on 
shifts in acreage planted to the different crops. 

Second, the 1985 act had introduced environ- 
mental and conservation compliance require- 
ments that are viewed by many producers as pu- 
nitive. The 1990 act further restricts eligibility 
for fed2ral farm programs when producers are 
not in compliance with their conservation plans. 
Third, while the $50,000 deficiency payment 
limitation per person was retained, the aggre- 
gate peyment limit was halved from $500,000 
to $250,000. 

In sum, it is likely that program participation 
will be discouraged by the reduced acreage el- 
igible for support payments afforded by the 
combiration of the triple base and the acreage 
reduction program, more stringent rules and 
penalties on environment and conservation com- 
pliance, lower payment limits, and lower defi- 
ciency payments derived from using a twelve- 
rather than a five-month average of market prices. 
Lower program participation is likely over the 
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life of the 1990 act, particularly in years of ex- 
pected strong market prices. 

In 1991, however, participation rates are likely 
to remain at or above present levels. This can 
be attributed to the tumble in commodity prices 
in recent months, particularly since mid-1990. 
For example, November 1990 wheat prices were 
down 31% from November 1989 and 24% from 
the second-quarter 1990 average. Corn prices in 
November 1990 were 8% lower than in Novem- 
ber 1989, but 16.7% lower than their second 
quarter 1990 average. Comparable rice price 
percentages were 12.8% and 4.8%. Cotton prices 
have been stable during the past year showing 
a 1.1% increase between November 1989 and 
November 1990. Soybean prices were down 
2.8% from November 1989 to November 1990, 
with meal prices down 10.6% and oil prices up 
5.2%. Thus, with lower prices one might expect 
participation rates to remain at present levels or 
even increase until markets recover. 

These price relationships also provide clues as 
to the likely shifts in the production mix, at least 
for next year, under the triple base. With wheat 
prices the most depressed of the commodity 
prices, it is likely the wheat triple base acreage 
will be shifted to other crops where possible, 
toward cotton in parts of the southern plains, 
toward corn in the fringes of the Corn Belt, and 
perhaps to minor oilseeds in areas where the 
market channels and processing facilities are 
available. 

The net result of various responses to the tri- 
ple base is expected to be eventually lower par- 
ticipation rates (after depressed market prices 
recover), therefore increasing production. The 
U.S. output and its mix will become more re- 
Sponsive to world market prices. Yet, world 
market prices may decline with overall increases 
in U.S. production and exports. 

In addition to the triple base, several new pro- 
gram changes may affect trade quantities. In- 
creasing loan rates to 85% of a five-year mov- 
ing-average market price, eliminating the high 
and low prices, instead of 75%, ostensibly raises 
the price floor for wheat and feed grains. How- 
ever, several complicated adjustments are re- 
quired or allowed to retain U.S. competitiveness 
in international markets. A mandatory down- 
ward adjustment in the loan rate of zero to 10% 
depending on the stocks-to-use ratio and a dis- 
cretionary 10% downward adjustment by the 
secretary of agriculture to maintain export com- 
petitiveness are included in the act. A new mar- 
keting loan for oilseeds and limits or potential 
removal of acreage set-asides may benefit ex- 
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ports through lower market prices and increase 
production. 


Uruguay Round Effects 


The Uruguay Round of international trade talks 
was expected to bring about a brave new world 
of global trade relations. Our sights at the mo- 
ment are considerably lower. In fact, the ques- 
tion of whether an agreement will be reached in 
agriculture is still open at this writing. The issue 
has boiled down to the EC interest in reducing 
direct budget costs of domestic farm programs 
by reducing support levels but without funda- 
mental reform of the Common Agricultural Pol- 
icy and erosion of community preference, against 
the U.S. and Cairns Group interests in increas- 
ing market access and placing limits on the abil- 
ity of all countries, including the EC, to sub- 
sidize exports. Because the U.S. and the Cairns 
Group positions would require fundamental CAP 
reform that would put community preference in 
jeopardy, a substantial GATT agreement is not 
likely in the cards this time around. Thus, it is 
not likely to have a major impact in liberalizing 
trade or reducing trade tensions. 

Part of the reason the Europeans have offered 
so little of substance in their negotiating pack- 
age is the preoccupation in Europe with EC-92 
market harmonization, the breakdown of the 
command economies and the struggle to replace 
them with market economies in Eastern Europe 
during the past year, and German reunification. 
There are substantial potential costs facing 
Western Europe in handling these events, and 
even greater costs if they do not succeed in deal- 
ing with those issues. In contrast, it appears that 
a GATT agreement would cost great political 


_and economic stress in Western Europe in the 


short run, while an agreement presents only vague — 
and intangible long-run benefits. 

The EC is likely to become more inward- 
looking whether or not a GATT agreement is 
reached. Already heavily focused on the for- 
mation of EC-92 institutions, and in need of 
markets for excess production, the EC is likely 
to expand membership to include nations from 
both Western and Eastern Europe. If this sig- 
nificantly expanded trading bloc were to be highly 
protectionist vis-à-vis the outside world, the trend 
toward formation of trading blocs by other 
countries would be exacerbated. 

This scenario implies a world in which bilat- 
eral agreements and independent trading blocs 
may become the dominant trade structures, thus 
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further weakening the GATT. Agriculture in the 
United States and EC would remain heavily 
subsidized. Developing countries in Africa and 
parts of Latin America would be kept out of the 
bidding, with no opportunity to establish growth 
patterns based on international competitiveness. 

Finally, it is accepted wisdom by now that 
external macroeconomic factors affect U.S. farm 
income and stability to a far greater extent than 
previously believed. The world market takes 
roughly one-fourth of U.S. agricultural output. 
Changes in demand caused by developing coun- 
try debt problems, reconstruction in East Eu- 
rope, oil price shocks, and other macroeco- 
nomic impacts greatly alter the potential health 
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and trade prospects of the U.S. farm sector— 


more £0, in fact, than the 1990 farm bill. 


References 


Internatconal Monetary Fund, Commodities Division of the 
Resarch Department. Monthly report. Washington DC, 
Dec. 1990. 

U.S. Department of Agriculture. The 1990 Farm Act and 
the 1990 Budget Reconciliation Act. Washington DC, 
No~. 1990. 

U.S. Department of Agriculture, Economic Research Ser- 
vice. PS&D Time Series, annual data. Washington DC, 
19SD. 


The 1990 Farm Bill and the Uruguay 


Round 


C. Ford Runge 


When former Secretary of Agriculture Clayton 
Yeutter accepted the position, two clear priori- 
ties for his term were evident. The first, do- 
mestic, priority was to move as far as possible 
in the direction of a safety-net program for farm 
income suport in the 1990 farm bill. The sec- 
ond, trade-related, priority was to put together 
an acceptable package in the Uruguay Round of 
multilateral trade negotiations, in which agri- 
culture would play a central role. This short pa- 
per reviews the progress of both of these efforts 
to date, and assesses the impacts of this progress 
on the commodity composition, income, and as- 
set values of American agriculture. 

This assessment is qualitative. The detailed 
numerical estimation of these effects is left to 
those equipped with the large models necessary 
to estimate them. The assessment is also af- 
fected by a variety of external factors which loom 
especially large at the beginning of 1991. Apart 
from the unsettled outcome of the Uruguay Round 
and the economic recession, these include the 
political and military situation in the Middle East 
and the breakdown of functioning economies in 
Eastern Europe and the Soviet Union. Together, 
these external forces are likely to play a much 
larger role in determining the fortunes of Amer- 
ican agriculture than either the 1990 farm bill or 
the Uruguay round, at least in the short term. 


The 1990 Farm Bill 


The farm bill debate of 1990 occurred in essen- 
tially two phases. The first was an exercise in 
political fantasy in the spring and early summer, 
in which the members of Congress indulged the 
wishes of a variety of commodity groups with 
promises of increased levels of support. These 
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domestic promises were linked to a variety of 
stern statements that the General Agreement on 
Tariffs and Trade (GATT) would not lead the 
farm bill to be “written in Geneva.” Fears over 
this (unlikely) prospect were part of the reason 
that the 1990 bill ultimately contained “snap- 
back” provisions which guaranteed that if the 
Uruguay Round “failed,” farmers would be 
compensated with extra spending on the Export 
Enhancement Program (EEP), and marketing 
loans would be instituted for coarse grains and 
wheat. 

During the fantasy phase, the administration 
issued its own version of a wish list, a green- 
colored document detailing its proposals for a 
whole farm base, or Normal Crop Acreage 
(NCA) scheme, together with a variety of other 
more-than-incremental proposals, such as the 
elimination of crop insurance in its current form. 
While not quite as “dead on arrival” as the Re- 
agan administration’s 1985 proposal, the fact that 
the proposal contained no budget numbers in- 
dicated that the administration was engaged in 
a strategic bargaining exercise. 

The second phase of the farm bill process was 
driven by budget realities, during which most of 
the fantasies (though not all) were laid to rest 
both in Congress and at the U.S. Department of 
Agriculture (USDA). As the “budget summi- 
teers” flailed away in attempts to conform to the 
Gramm-Rudman deficit reduction targets, it be- 
came evident that even major attempts to staunch 
the flow of red would not contain the hemor- 
rhaging federal budget, especially as recession 
deepened. Agriculture spending, however, was 
a virtually unanimous candidate for cuts, and as 
the need to eliminate roughly $13.6 billion over 
five years emerged from the budget talks, it dic- 
tated certain moves in the agriculture commit- 
tees and at USDA that saved money while sav- 
ing seats. 

Because target prices are visible political 
numbers and had been the focus of much of the 
fantastic promises made by incumbents seeking 
re-election, the least politically damaging way 
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to find budget savings was by reducing the num- 
ber of base acres in the major budget programs 
(coarse grains and wheat) that were eligible for 
deficiency payments. This budget pressure 
dovetailed (though not perfectly) with the idea 
cf “flexibility” which had underpinned the 
administration’s argument for NCA. Because total 
flexibility under NCA was neither necessary to 
achieve the budget targets nor desirable to many 
commodity groups and their supporters in Con- 
gress, a “triple-base” emerged as a natural com- 
promise. While much else in addition was done 
cr undone in the 1990 farm bill, the “triple-base” 
was at its heart and was driven primarily by 
budget pressures rather than deeply felt attrac- 
tion for a clear step in the direction of decou- 
pling. Such a step it was, however, giving the 
administration a relatively strong hand going into 
the December 1990 GATT meetings in Brus- 
sels, when it could claim virtue for having moved 
in the direction of its proposed safety net. 

The impacts of the 1990 bill on domestic pro- 
Gucers will be mixed. One notable aspect of the 
“triple-base” is that it plays much more to the 
advantage of the corn/soybean grower than the 
wheat grower, especially in the North and 
Northwest where flexibility, apart from wheat 
and barley, means canola, sunflowers, or dry 
edible beans, and not much else. Because nei- 
ther fruits nor vegetables are allowed on “flex- 
acres,” in essence the bill provides for more oil- 
seeds in lieu of either corn or wheat. In total, 
the acreage shifts are not likely to be substantial 
unless the economic environment becomes fa- 
vorable enough for large numbers of producers 
to abandon the programs altogether and grow 
what they please. In the short term, however, 
the continuing secular decline in wheat prices, 
aided and abetted by the interaction of EEP and 
the European Community’s (EC) export resti- 
tutions, will make farming hard in areas like the 
Palouse. One curious consequence of the triple 
base was to promote opposition on the part of 
many wheat growers to increased acreage re- 
duction programs (ARPs). Many of the same 
growers had argued in 1985 for mandatory pro- 
duction controls. 

While a paper of this length precludes com- 
modity-by-commodity analysis, a word about the 
dairy sector is in order.’ Both the 1990 farm bill 
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and the budget reconciliation act contain pro- 
visions which are significant for the dairy sec- 
tor. Support prices are not to fall below $10.10 
per hundredweight (for 3.67% milk) for several 
years. And the producer assessment, while only 
5¢ per hundredweight the first year, could rise 
substantially for producers that expand produc- 
tion. This latter provision provides a mechanism 
for extracting payments in the event supply ex- 
ceeds demand and may be exercised if output 
continues to drift upward. 

If the experience of the 1990 bill does not dis- 
credit “flexibility,” even greater steps can be 
taken in the future to decouple payments from 
production, to reduce ARPs, and to loosen re- 
quirements forbidding non-program crops from 
being grown, so that the real advantages of NCA 
can be realized. One area where the 1990 bill 
fulfilled growers’ fantasies beyond all expecta- 
tions was the sugar regime, which, despite a 
negative GATT panel ruling, emerged not only 
unscathed but arguably enriched from the leg- 
islative process. This should tell the analvst 
something about whether farm bills are written 
in Geneva. Soybeans, which had been held up 
for years as a model of “market orientation,” 
threw in the towel and sought the protection of 
a marketing loan, which is in essence no dif- 
ferent from the EC’s restitutions, although it is 
set in such a way as to do the soybean grower 
little good. Having compromised on principle, 
the soybean growers failed to bring home much 
of a prize. 

The “snapback” provisions of the bill allow 
for both more EEP spending and the extension 
of marketing loans to coarse grains and wheat 
if GATT “fails.” These provisions contain the 
worst elements of both fantasy and reality. On 
the one hand, they are unlikely to be funded.-at 
levels which would realistically be required to 
truly punish the EC for its intransigence unless 
the $13.6 billion spending target is abandoned. 
On the other hand, they will surely provoke re- 
taliation, in all likelihood leading to even lower 
prices, especially in the wheat market. It is the 
threat of such retaliation that would make fail- 
ure in the Uruguay Round of real concern. 


The Uruguay Round 


As of this writing, the likelihood for a mean- 
ingful package of reforms in the areas of mar- 
keting access, internal supports, and export sub- 
sidies in GATT are slim. When the EC, together 
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with Japan and South Korea, rejected the Hells- 
trom compromise proposal in Brussels on 6 De- 
cember, they signaled that, even if a final deal 
is achieved, it will fall short of the proposed 


compromise. That compromise called for 30% . 


reductions in both export subsidies and internal 
supports on a base year of 1990 (as distinct from 
the EC’s proposed base of 1986) and 30% in- 
creases in market access over five years, with a 
minimum 5% market access guarantee at the 
outset. 

The prospects in GATT are either for some- 
thing short of the Hellstrom compromise, or 
nothing at all. In terms of immediate impact on 
the U.S. farm sector and its balance sheet, either 
outcome would take several years to show up, 
unless a trade war erupted quickly in the face of 
failure. Something close to the Hellstrom com- 


promise would reinforce the logic the “triple-. 


base” by mandating further reductions in defi- 
ciency payments and would create an excuse for 
ending the ill-advised EEP program. The market 
access provisions would also assist in lower im- 
port quotas in sugar and to a lesser degree in 
peanuts, dairy, and other border-protected com- 
modities. These effects would occur over a rel- 
atively long time (5—10 years), giving the farm 
sector plenty of opportunity to adjust. 

One of the ironies of the debate over the Uru- 
guay Round in farm circles has been the para- 
noia GATT has produced, which has been fed 
by neopopulist opponents of liberalization. These 
opponents are usually admirers of supply con- 
trol and sometimes of the European Commu- 
nity. If the GATT talks fail completely, the irony 
will be that the retaliation mandated by the 
“snapback” provisions of the 1990 bill will ac- 
tually fan the flames of protectionism, leading 
to attacks on the EC, Japan, and South Korea, 
which together constitute huge agricultural ex- 
port customers. If farmers are looking for some- 
thing to be paranoid about, it should be a trade 
war, rather than GATT. Such as a trade war will 
have two primary effects. First, it will further 
depress world markets, leading to even lower 
commodities prices, especially in the wheat 
market. Second, it will cost money, which, un- 
less Congress is prepared to reverse its stand on 
agricultural spending, could mean even less for 
deficiency payments. If the trade war spreads 
beyond agriculture to include other sectors of 
the economy, it would deepen the current global 
recession, lowering profits and government rev- 
enues, putting even more downward pressure on 
both the demand for agricultural exports and the 
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ability of government to subsidize them and the 
farm sector. 


Conclusion 


What are the overall prospects, given the 1990 
farm bill and the unsettled trade picture, for U.S. 
agricultural incomes, land values, and commod- 
ities prices? Essentially, the 1990 bill has set a 
course leading to greater market orientation, al- 
though a few exceptions remain, such as sugar. 
Yet, the trade picture may mean that at the bor- 
der, and in the world market, this market ori- 
entation is frustrated by the protectionist ele- 
ments of the world community, notably the EC. 

Whether or not a trade war erupts, I would 
expect the level of farm incomes to stay at 
roughly current levels or to fall if recession cuts 
into global demand. The commodity mix of U.S. 
agriculture will not be affected greatly by the 
triple-base unless larger numbers of farmers leave 
the program, which is unlikely in a recession. 
The linkage from export demand to farm in- 
comes and in turn to land values (see Runge and 
Halbach) implies that land values will not rise 
appreciably either and could fall if a trade war 
erupts. 

However, several factors are still unknown 
which could radically change this picture, prob- 
ably for the worse. One is the prospect of con- 


` tinued instability in the Middle East, which could 


raise the price of petroleum and its derivatives 
and thus farm input prices far more rapidly than 
it would boost commodities prices. The second 
is the collapse of the Eastern European econ- 
omy, which, while apparently offering a market 
for U.S. grain, constitutes less a paying market 
with hard currency to spend than a charity case. 
Both events likely would deepen global reces- 
sion. In light of the current popularity of bash- 
ing our allies for failing to support our efforts 
in the Middle East, it would not be surprising 
to see the bashers join forces with the protec- 
tionists (many are already one and the same) to 
call for retaliation against these same parties in 
agriculture. It is far easier to blame lost jobs or 
farm foreclosures on Japan, South Korea, or the 
EC than it is to acknowledge that recession breeds 
protection, which deepens recession further. This 
was the same cycle so clearly exposed by Keynes 
in The Economic Consequences of the Peace. 
This discussion began by noting that Clayton 
Yeutter stepped into his position at the Depart- 
ment of Agriculture with at least two broad goals. 
His efforts to bring greater market orientation to 
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agriculture must on balance be judged a suc- 
cess, although they are a patchwork, with suc- 
cess in the “triple-base” offset by persistent dis- 
tortions is areas such as sugar and dairy. His 
other and related objective—to begin the pro- 
cess of agricultural trade liberalization in the 
Uruguay Round—-foundered on the resistance 
of the EC, coupled with global recession, ten- 
sion in the Middle East, and the collapse of 
Eastern Europe, none of which were entirely 
predictable. ‘These forces may alter the course 
of history in ways inimical to greater trade lib- 
eralization, although I hope that the leaders of 
the free world will not err today as they did in 
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the 1930s, with respect to either protectionism 
or appeasement. 
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Impacts of the 1990 Farm Bill 


on Consumers 


Carol S. Kramer 


Any U.S. farm bill, including the 1990 “Food, 
Agriculture, Trade, and Conservation Act,” af- 
fects domestic and foreign food consumers in 
numerous important ways: through potential im- 
pacts on food availability, food costs, food safety 
and quality, marketing rules, nutrition provi- 
sions, and overall research agenda. In addition, 
the act influences consumers of environmental 
amenities explicitly through environmental pro- 
visions and indirectly through commodity and 
other titles. Finally, the farm bill costs money, 
which consumers pay as taxpayers. This paper 
highlights some of the provisions of the 1990 
farm, appropriations, and budget reconciliation 
bills likely to prove most significant for con- 
sumers in the short and longer term. It also dis- 
cusses briefly the status of trade negotiations 
pertaining to “harmonizing” food safety stan- 
dards for traded goods. Finally, the point is made 
that much significant food-related policy is not 
included in the farm bill but has been passed or 
can be expected to pass piecemeal in other forms 
of legislation. 


The ‘‘Food, Agriculture, Trade, and 
Conservation’ Act of 1990 


Washington-based analysis of the 1990 farm bill 
has vacillated between depicting it as largely 
business-as-usual and a disappointment to re- 
formists, on the one hand; and, on the other, as 
a dramatic step toward greater market orienta- 
tion and planting flexibility, with some impor- 
tant new consumer and environmental reforms. 
The truth, as usual, resides between. 

The former view traces the roots of the new 
act to the Farm Security Act of 1985, as influ- 
enced by federal deficit and budget contingen- 
cies. It points to the little-changed peanut, sugar, 
cotton, tobacco, and dairy programs and the 
newly instituted soybean loan rates. The refor- 
mist view emphasizes the triple-base provisions 
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of the bill, which remove 15% of base acreage 
from eligibility for commodity payments but 
permit production of some alternative crops. New 
environmental and consumer measures include 
pesticide record-keeping requirements, €x- 
panded environmental compliance measures, and 
certain changes in marketing rules or research 
affecting fruits and vegetables, grain quality, and 
organic products. | l 

Complicating assessment of potential farm bill 
impacts is the massive uncertainty in the global 
political economy. Uncertainty stems from events 
in the Persian Gulf, the USSR, the stalled GATT 
negotiations, German reunification, Eastern Eu- 
rope, global recession, the vulnerability of the 
U.S. banking system, among others. At issue is 
whether the incremental policy impacts of the 
farm bill will be swamped by the macroeco- 
nomic tides loosed by these major political 
events. 

Given all the uncertainties, what does the new 
act mean for consumers? One could argue that 
for the consumer the 1990 farm bill may mark 
a new watershed in some areas, but one that is 
so far only dimly visible to the careful observer. 
Principally important are the “green” measures 
and tendencies in the farm bill: requirements to 
develop national organic certification standards, 
to require farm pesticide recordkeeping, to es- 
tablish new water quality measures, to under- 
take research into the effects on pesticide use 
and consumer demand of “cosmetic” grade and 
quality standards for fruits and vegetables, and 
to redirect substantial research expenditures to- 
ward food safety, sustainable agriculture, and 
environmental improvement. In addition, in a 
time of budget austerity, the food assistance 
programs are reauthorized without significant 
change: without cutbacks, and containing some 
measures to make them more accessible to eli- 
gible recipients. Finally, outside the farm bill, 
important new nutrition labeling and nutrition 
monitoring legislation passed. 

The “Food, Agriculture, Trade, and Conser- 
vation Act” of 1990 (FATCA) comprises twenty- 
five titles in a five-year framework for agricul- 
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tural and food policy; the first eleven titles deal 
with specific commodity programs and general 
commodity provisions. A subsequent mix of ti- 
tles includes such areas as forestry; conserva- 
tion; agricultural trade; credit; research; rural 
development; food assistance; fruits, vegeta- 
bles, and marketing; gain quality; and organic 
certification. 

The 1990 farm bill hes been widely touted for 
the future cuts implied for farm spending. De- 
velopment of the farm bill must mesh with the 
agricultural appropriations process and with the 
overall budget process as well. Farm appropri- 
ations bills begin in the House and then proceed 
to the Senate, after which a conference com- 
mittee resolves the differences in light of budget 
requirements. As agriculture’s share of a five- 
year $500 billion deficit reduction package, farm 
spending is now slated at $40.4 billion, down 
25% from the earlier Office of Management and 
Budget baseline projections of $54 billion. Of 
the $13.6 billion cut during the budget summit, 
approximately $8 billion reflects the 15% re- 
duction in cropland acres eligible for farm sub- 
sidy payments. Other major cuts are in direct 
loans made by the Farmers Home Administra- 
tion and the Rural Electrification Administra- 
tion. Costs of domestic food assistance entitle- 
ment programs reauthorized under FATCA are 
not expected to change substantially as a result 
of the bill. Costs of these entitlement programs 
depend on a combination of factors including 
program enrollment rates, benefit levels, and food 
costs, which factor in inflation. No major changes 
are made in eligibility requirements, benefit lev- 
els, or exemptions under the food stamp pro- 
gram. It is safe to say that food assistance ex- 
penditures will continue a trend toward relatively 
greater importance in U.S. Department of Ag- 
riculture spending as farm benefits fall and as 
the economy continues in recession. 


Food Assistance Programs 


Title XVII, now cited as the “Mickey Leland 
Memorial Domestic Hunger Relief Act,” reau- 
thorizes the food stamp program and related 
provisions. The food stamp program is reau- 
thorized for five years (through FY 1995), re- 
taining the current structure. The program re- 
tains measures that guarantee that households that 
meet eligibility criteria based on size, income, 
and assets automatically qualify for benefits. 
Benefits are still based on the “Thrifty Food Cost” 
plan as established by the U.S. Department of 
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Agriculture. The conference agreement author- 
izes amounts necessary to fund the program. 
Various House provisions that would have ex- 
panded potential eligibility and/or benefits were 
deleted in conference. However, provisions eas- 
ing the way for the homeless, students, poor 
families receiving back-to-school allowances, 
rural residents who need mail delivery of stamps, 
and projects designed to increase participation 
by non-English-speaking minorities, the el- 
derlv, homeless persons, low-income working 
families with children, and rural residents are 
authorized (Democratic Study Group, U.S. House 
of Representatives, 22 Oct. 1990). Some food 
stamp program rules are simplified; additional 
penalties for fraud and misuse of food coupons 
are established (U.S. Congress, House of Rep- 
resentatives, news release). Additionally, state 
agencies are authorized to implement on-line 
electronic benefit transfer (EBT) systems in which 
household benefits are issued from, and stored 
in, a central data bank and electronically ac- 
cessed by household members at the point of 
sale. 

Other domestic commodity donation pro- 
grams, including the Emergency Food Assis- 
tance Program (renamed from the previous TE- 
FAP, the Temporary Emergency Food. Assistance 
Program) and the Commodity Supplemental Food 
Program (CSFP), are also reauthorized. 


Commodity Programs/Food Costs 


The new legislation freezes target prices and ef- 
fectively decouples grain and cotton farmers’ 
planting decisions at the margin, moving this part 
of agriculture a little farther toward market ori- 
entation. If a freer market results in more effi- 
cient use of resources, consumers should benefit 
modestly. On the other hand, sugar, dairy, to- 
bacco, and peanut programs remain substan- 
tially nonmarket-oriented, with the consumer 
continuing to bear costs associated with market 
protection. 

Specifically, target prices (1990) are main- 
tained for wheat, feed grains, upland cotton, and 
rice throughout 1991—95 crop years. Because of 
flexibility provisions in the legislation, farmers 
are expected to alter crop choices on their flex- 
ible base of 15% of acres toward crops with 
higher net returns. In 1991, midwestern and 
northern plains farmers may shift some spring 
wheat acres into soybeans or minor oilseeds. 
Some midwestern corn acres may also be planted 
in Oilseeds. If expanded soybean and other oil- 


Kramer 


seed supplies result in lower market prices for 
protein, the effect on food costs would likely be 
felt through livestock prices. These could even- 
tually reflect lowered costs of protein. Addi- 
tionally, some of the edible oils could be lower 
priced. At this time, however, few estimates are 
available to predict how adjustments might be 
made to the new policies, and expectations are 
that effects on food costs will be minor. Ulti- 
mately, farm price outcomes for specific com- 
modities will depend partially on how the sec- 
retary of agriculture sets acreage reduction 
program limits, whether to relax ARP acreage 
to foster competitive export prices or to main- 
tain previous ARP acreage (U.S. Congress, 
Congressional Budget Office). 

In the aggregate, retail food prices include a 
farm commodity cost component of approxi- 
mately 30%, although this varies among com- 
modities. Factors outside the aegis of the farm 
bill such as costs of labor and transportation (in- 
fluenced by oil costs) often outweigh changes in 
the commodity cost of food in influencing food 
prices. 


Food Safety and Quality 


Consumer and environmental interest groups 
played an active role in the development of the 
recent farm bill. Early in the deliberations, a co- 
alition of consumer and environmental groups 
released their Farm Bill 1990: Agenda for the 
Environment and Consumers. The agenda high- 
lighted agriculture’s effects on environmental 
quality including pollution of surface and 
groundwater, loss of wetlands, and deterioration 
and loss of natural resources. The report marked 
“excessive use of pesticides and nutrients” and 
pesticide residues in food as major concerns. 
Many of the concerns and potential solutions 
mentioned in this influential report in fact be- 
came discussion points and, in some cases, re- 
sulted in new measures or guidelines in the 1990 
farm bill. 


Organic Certification 


For the first time, national standards for agri- 
cultural products labeled organic are estab- 
lished, which will give consumers who wish to 
choose products produced organically the op- 
portunity. Standards apply to production and 
processing methods as well as to permitted ma- 
terials, product handling, and labeling. Organic 
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certification has not been defined as a food safety 
measure per se, but rather a marketing measure 
that would organize the existing chaotic condi- 
tions applying to “organic” products. A deter- 
mined coalition of producer and consumer in- 
terests succeeded in winning the measure against 
the long-standing adamant opposition of the U.S. 
Department of Agriculture. 


Pesticide Recordkeeping 


This new measure requires certified pesticide 
applicators to maintain records for two years on 
the use of restricted pesticides. These records 
are confidential but can be made available for 
the use of federal and state agencies and health 
care personnel. 


Cosmetic Quality and Pesticide Use 


The 1990 farm bill includes several new pro- 
visions that reflect society’s ongoing concerns 
about the safety of pesticide and agricultural 
chemical use in agriculture. The issue of grades 
and standards, particularly those that pertain to 
surface—or “cosmetic”——appearance, was raised 
by several prominent consumer and environ- 
mental organizations during the 1990 farm bill 
debate. Their efforts resulted in a mandate to 
undertake several research projects to investi- 
gate the extent to which grades and standards, 
both voluntary and in conjunction with market- 
ing orders, provide an incentive toward exces- 
sive pesticide use. The hypothesis is that cosmetic 
standards impede those producers attempting to 
reduce pesticide (and fertilizer) use and adopt 
alternative farming practices. Also mandated 
under the legislation were three two-year studies 
to evaluate marketing and education programs 
to provide consumers with choices of, and in- 
formation about, commodities produced with al- 
ternative production processes. Whether these 
studies will be carried out by the U.S. Depart- 
ment of Agriculture and what they might lead 
to remains to be seen. Senator Dole amended 
the farm bill so that the numerous studies in- 
cluded in the 1,000-plus pages of the bill could 
be reduced to twelve and, reportedly, the cos- 
metic standards study currently is not on the short 
list. 

In addition, the legislation permits citizens to 
petition the USDA for changes in grade stan- 
dards. Previously, only the food marketing in- 
dustry had standing for these purposes. 
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Country-of-Origin Labeling 


Title XII (fruits, vegetables, and marketing) 
contains a requirement to operate a two-year pilot 
program labeling products by country of origin. 


Research 


Research in general is treated fairly generously 
under the farm, appropriations, and budgeting 
bills. Agricultural research and extension pro- 
grams are authorized for five years. The bills 
gradually increase funding authorization for 
USDA competitive research grants from $70 
million to $500 million annually. The farm till 
authorizes $40 million annually for low-input 
research activities, $20 million for integrated re- 
source management research, and $20 million 
for educational activities to extend practices to 
agricultural producers. Again, the differences 
between authorization and appropriation can be 
vast. Some suggest that an annual increase in 
competitive funding of about $50 million is likely. 


The GATT and Consumers 


One goal of the GATT negotiations on agricul- 
ture was the “harmonization” of sanitary and 
phytosanitary standards internationally. Al- 
though it is extremely unclear at the time of 
writing whether any positive accord will result 
from the GATT, it is worth noting that some 
progress was made toward establishing a beter 
framework for addressing trade disputes ema- 
nating from unlike national food safety and zn- 
imal and plant health standards. Some agree- 
ment was reached to consider the scientific basis 
for food safety standards, and in so doing to 
provide a greater role to the three principle. in- 
ternational food standards organizations. At this 
point, few countries are likely to agree to an in- 
ternational scientific court passing binding jucg- 
ment in trade disputes, however. 
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Conclusions 


Certain provisions of tne farm bill respond to 
consumer and public concerns related to food 
safety and quality and the environment. Provi- 
sions that set stricter environmental compliance 
measures and penalties than previously (dis- 
cussed -n Antle’s paper), reinforce the “green” 
theme cf the farm bill. All in all, the bill moves 
agriculture and the public policy agenda farther 
along a road toward greater environmental re- 
sponsib lity and an examination of some of the 
unintended consequences of farm and marketing 
programas, grades and standards, and traditional 
researc: priorities. However, in the main, the 
farm bil retains much that is business as usual. 

Several significant measures for consumers are 
not included in the 1990 farm bill. Some were 
passed separately, such as an extremely impor- 
tant nutcition labeling bill (P.L. 101-535 passed 
8 Nov. 1990) and a nutrition monitoring bill (P.L. 
101-45*). Others remain unfinished business for 
the next Congress, including seafood inspec- 
tion, FIFRA reauthorization, and the possible 
reintroduction of “circle of poison” legislation 
(see Nacural Resources Defense Council). 
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Farm Policy Reform and the 


Environment 


John M. Antle 


U.S. farm policy in the 1980s was marked by 
three significant developments: the international 
farm policy reform movement, the active par- 
ticipation by environment interests in the writ- 
ing of the 1985 and 1990 farm bills, and the 
federal budget constraint. These developments 
raise new questions for farm policy. What are 
the environmental implications of domestic and 
international farm policy reform? Can both ag- 
ricultural and environmental policy objectives 
be met in one piece of legislation? How does 
the federal budget constraint affect the feasible 
set of policy options? The goal of this paper is 
to outline an analytical framework that inte- 
grates technological, economic, and political 
factors for analysis of agricultural-environmen- 
tal policy and to draw some preliminary con- 
clusions about the environmental implications 
of the 1990 farm bill and trade liberalization 
proposals in the GATT negotiations. . 


Goals, Tools, and Tradeoffs 


The principal goal of farm policy is to increase 
the welfare of farm interests using the available 
menu of policy tools, including production quo- 
tas, price supports, and acreage limitations. Pro- 
ducer welfare PS(y) is defined as a function of 
output y and is measured as producer surplus. 
Absent market distortions, agricultural policies 
generate tradeoffs between producer welfare and 
the welfare of other groups in the economy, in- 
cluding consumer, taxpayer, and environmental 
interests. Let consumer/taxpayer welfare CST(y) 
also be defined as a function of output y. CST 
can be measured as consumer surplus plus the 
total economic cost of taxation including dead- 
weight losses. For a given set of market demand 
and supply functions, CST + PS is maximized 
at the market equilibrium output y,. At all out- 
put rates greater than or less than the market 
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equilibrium output y,, CST(y) + PS(y) < CST(y,) 
+ PS(y,), as shown in quadrant 2 of figure 1. 

The goal of environmental policy is to in- 
crease the welfare of environmental interests, 
measured as willingness to pay for environmen- 
tal quality. This component of social welfare is 
referred to here as environmental surplus and is 
assumed to be an increasing concave function 
ES(EQ), where EQ measures environmental 
quality, as shown in quadrant 4 of figure 1. EQ 
is assumed to be a decreasing, convex function 
of farm output y, as in quadrant 3 of figure 1. 
EQ embeds the physical and technological re- 
lationships that translate production activity into 
changes in environmental quality through ero- 
sion, water contamination, and so forth. The EQ 
function shifts according to the efficiency of 
pollution prevention technology. This is a styl- 
ized representation of the relationship between 
production and EQ; a more realistic represen- 
tation would account for the heterogeneity of the 
physical environment at a disaggregate level of 
analysis (Antle and Just). 

Let the curve in quadrant 2 represent the hy- 
pothetical case in which output is set costlessly 
by government fiat. The result is the efficient 
set OEC plotted in quadrant | of figure 1. Point 
E in quadrant 1 of figure 1 represents the market 
equilibrium where CST + PS is maximized; ES 
is maximized at point C where output is zero. 
Actual policies that are not fully efficient gen- 
erate points inside OEC. The area BEC contains 
all points corresponding to policies that reduce 
output below y,. The area OEB contains all points 
corresponding to policies that increase output 
above y,. 


Policy Efficiency and Policy Reform 


Policy reform can be defined as a movement to- 
ward more efficient policies. There has been 
much attention devoted to the question of effi- 
cient policy choice (Becker, Gardner, Tullock). 
This is a central issue in policy reform because 
inefficieny is the raison d’ être of policy reform. 
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EQ 


y 
Figure 1. Welfare tradeoffs of agricultural policies 


The socially efficient output level that maxi- 
mizes aggregate welfare CST(y) + PS(y) + 
ES(EQ(y)) must satisfy (CST’ + PS')/ES'EQ’ 
= —]; that is, it will correspond to the point A 
on the efficiency frontier OEC and an output level 
y* < y,- If income transfers to farmers are de- 
sired, lump-sum subsidies are the most efficient 
policy, assuming that the deadweight cost of 
taxation is less than that from other forms of 
intervention. If such subsidies were accom- 
plished while holding output at y*, the result 
would be a point such as A’ in quadrant 1, where 
the difference (A — A‘) measures the dead- 
weight cost of taxation from the lump-sum 
transfer. The use of a production subsidy that 
increased output would reduce ES and entail 
higher deadweight losses and thus result in an 
even less efficient outcome such as point A”. 

A point like A” is Pareto inferior to a point 
like A’, and it is tempting to conclude, as Becker 
does, that the political process should gravitate 
toward policies that are relatively efficient. Yet, 
relatively efficient subsidies, such as “decou- 
pled” payments, are vigorously opposed by farm 
interests apparently because of their transpar- 
ency. There is considerable evidence to show 
that many inefficient policies are used and per- 
sist over long periods of time in the United States 
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and elsewhere (Anderson and Hayami; Sturgis, 
Field, and Young). 

There is, however, disagreement in the lit- 
erature over the efficiency issue. This is a sig- 
nificant question for policy analysis because the 
prevailing paradigm of agricultural policy anal- 
ysis is based on Pareto-efficient policy rankings 
derived from a welfare function or policy pref- 
erence function (e.g., Rausser and Foster). The 
parameters of these functions are specified to re- 
flect the political weights attached to competing 
interest groups. There are several reasons why 
policy rankings generated in this way may be 
erroneous. A potential Pareto improvement often 
is not politically feasible because the potential 
Pareto comparison of welfare gain does not ac- 
count for political gains and losses to the poli- 
ticians who make the policy choice (Antle and 
Johnson). The political process may prefer in- 
efficient policies that obscure their redistribu- 
tional effects (Tullock). And transactions costs 
in the political market may forestall efficient po- 
litical trades. 


The 1985 and 1990 Farm Bills 


The conservation provisions of the 1985 farm 
bill—the CRP, sodbuster and swampbuster, and 
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conservation compliance—illustrate the grow- 
ing influence of environmental interests in ag- 
ricultural policy. In relation to figure 1, the 1981 
farm bill was designed to support prices and ex- 
pand output, thus putting U.S. agriculture at a 
point such as D in quadrant 1 of figure 1. The 
environmental lobbies were not able to elimi- 
nate all output-increasing aspects of farm pro- 
grams, although the 1985 act did decouple tar- 
get prices from variable production decisions by 
basing deficiency payments on program yields 
rather than actual yields. The 1985 act also had 
supply control provisions including the acreage 
reduction programs and the conservation pro- 
grams. The CRP also transferred income to 
farmers, making it politically acceptable to both 
farm and environmental interests. Starting from 
point D in figure 1, this combination of policies 
moved the economy in a northwest direction to 
a point such as D’, raising environmental qual- 
ity to some degree at the expense of consumers 
and taxpayers. While the 1985 farm bill did yield 
some environmental benefits, it is highly inef- 
ficient because it contains both output-increas- 
ing and output-reducing programs that work at 
cross purposes. 

As the 1985 act was implemented its flaws 
began to become apparent. From an environ- 
mental point of view, the CRP was not efficient 
at improving environmental quality because its 
design did not target the most damaging ero- 


sion. As environmental interests focused more - 


on potential chemical contamination of food and 
the environment, the inconsistencies between the 
output-increasing aspects of farm programs and 
environmental objectives were recognized. A 
related problem with the 1985 act, from the en- 
vironmental point of view, was that the farm 
program participation rules limited a farmer’s 
ability to rotate crops, thus possibly increasing 
the use of fertilizers and pesticides (National 
Research Council). 

Another major problem with the 1985 act was 
that while it decoupled the target price from 
variable production decisions, it also transferred 
financial risk from farmers to the federal gov- 
ernment by maintaining high target prices while 
reducing loan rates. The result was a program 
cost of some $26 billion in 1986. The costs de- 
clined to about half that amount in 1988 and 1989 
because of the higher market prices caused by 
the droughts in those years but remained high 
by historical standards. 

Environmental interests were expected to be 
more influential in the design of the 1990 farm 
bill. A variety of proposals were put forward 
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early in the year, including better targeting and 
expansion of conservation programs (Center for 
Resource Economics et al.). Several factors di- 
minished the environmentalists’ influence, how- 
ever, including disagreements among them- 
selves over an agenda and the political strength 
of the farm lobbies in a year when all members 
of the House were up for reelection. 

Early in 1990 the administration proposed to 
improve the economic and environmental effi- 
ciency of the commodity programs and reduce 
their budget cost by allowing farmers to plant 
nonprogram crops on their program base. Farm- 
ers would retain those acres in their program crop 
base but would not receive subsidies on those 
acres. This planting flexibility or triple base 
proposal was initially rejected by many mem- 
bers of Congress and farm interests apparently 
because, in their opinion, it transformed defi- 
ciency payments into politically unacceptable 
decoupled “welfare” payments. Planting flexi- 
bility was also opposed by some commodity 
producers who expected to be affected adversely 
as program participants diversified their produc- 
tion. 

Environmentalists also sought a variety of 
regulations on land use and management prac- 
tices, including tighter pesticide regulations and 
chemical recordkeeping requirements. These 
proposals were generally opposed by farm lob- 
bies. Also contentious in the 1990 debate were 
the issues of wetlands conservation introduced 
in the 1985 act. Environmentalists felt the pro- 
visions were not being enforced and wanted them 
strengthened. Although this position was strongly 
opposed by farm interests, the environmental- 
ists’ position was strengthened by the presi- 
dent’s campaign promise of “no net loss” of 
wetlands. 

Without political pressure to reduce the bud- 
get costs of the farm programs, it is likely that 
the commodity and conservation provisions of 
the 1990 farm bill would have been very similar 
to those in the 1985 act, with somewhat ex- 
panded and better targeted conservation pro- 
grams. Although the budget constraint imposed 
by the Gramm-Rudman-Hollings law imposed 
discipline on the options being considered dur- 
ing the first half of 1990, few anticipated the 
autumn budget crisis and the agreement between 
the administration and Congress to reduce farm 
program costs by an estimated $13--$15 billion 
over five years. This outcome favored the 
administration’s farm bill proposal, as it pre- 
cluded substantial expansion of the CRP or other 
costly conservation programs, and made the 
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administration’s planting flexibility proposal 
politically feasible. The major budget-cutting 
provision of the bill thus became a mandatory 
15% triple base. This outcome represents an in- 
crease in the economic and environmental effi- 
ciency of the farm programs. In terms of figure 
1, U.S. agriculture will move from a point like 
D’ to one like D” as this policy is implemented. 


The GATT and the Environment 


At the time of this writing, it appears unlikely 
that a substantial measure of trade liberalization 
will be part of any final Uruguay Round agree- 
ment. This is unfortunate, as a reversal of the 
past ten years’ trend toward agricultural protec- 
tionism would have been a significant accom- 
plishment. A GATT agreement for agricultural 
trade liberalization would offer both problems 
and opportunities from an environmental point 
of view. 

The key issue for environmental interests is 
whether trade liberalization would cause the 
United States to expand production in ways that 
will be environmentally damaging. Reduced ex- 
port subsidies should cause world commodity 
prices to rise, encouraging production. But un- 
der a more market-oriented regime, only rela- 
tively productive land should be cropped. En- 
vironmental efficiency could be increased even 
as output increased if economically marginal 
lands are also the most environmentally sensi- 
tive. Thus, trade liberalization through a GATT 
agreement could bring about increases in both 
economic and environmental efficiency, corre- 
sponding to northwesterly movement from point 
D” to a point like D” in figure 1. 

Economic and environmental efficiency also 
could be increased through the opportunity to 
redesign domestic subsidy programs (OECD). 
The GATT objective to decouple domestic sub- 
sidies from production could be made politically 
palatable to some farmers by converting price 
supports and deficiency payments into subsidies 
decoupled from production but linked to envi- 
ronmental objectives such as soil conservation, 
preservation of wildlife habitat, and reduced 
chemical use. This change in program design 
would face political difficulties, however. It 
would distribute program benefits differently than 
the existing programs, would not be attractive 
to agribusiness interests who favor output-ex- 
panding policies, and would be susceptible to 
budget pressures. 
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Trade liberalization makes some other aspects 
of environmental policy more difficult. Envi- 
ronmental regulations, such as restrictions on 
fertilizer and pesticide use, are likely to reduce 
the international competitiveness of U.S. farm- 
ers. Another difficult issue is harmonization of 
sanitary and phytosanitary regulations. U.S. en- 
vironment interests oppose an agreement that 
would allow weaker food safety standards than 
current U.S. law. 


Conclusions 


Theories of government behavior suggest that 
policy reform will come incrementally unless 
there are substantial changes in political insti- 
tutions and the influence of interest groups. They 
also suggest that when economic and political 
circumstances do change, there are opportuni- 
ties for policy reform—policy changes that ac- 
complish policy goals more efficiently. 

Looked at from this perspective, the 1990 farm 
bill and the GATT should not be expected to be 
a “big deal.” The degree of liberalization sought 
by the United States and the Cairns Group was 
not to be expected, as there is no dominant po- 
litical constituency in the United States or among 
the GATT countries demanding policy reform to 
that degree. But neither do the 1990 farm bill 
or the GATT negotiations represent “business as 
usual.” Although some of the most inefficient 
and inequitable aspects of domestic and trade 
policies still remain to be reformed, in some sig- 
nificant respects both the 1990 farm bill and the 
GATT present opportunities for increased eco- 
nomic and environmental efficiency. As such, 
both the 1990 farm bill and a possible Uruguay 
Round agreement can be regarded as positive 
developments in the evolution of agricultural 
policy design. 
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Special Interests and the 1990 Farm 


Bill 
B. Delworth Gardner 


Antle and Kramer have written useful papers. 
Antle’s contains an innovative analytical frame- 
work that is helpful in interpreting the changes 
in farm legislation discussed in both papers. 

Antle’s social welfare function that includes 
taxpayers, consumers, agricultural producers, and 
environmental interests takes us a long way to- 
ward understanding the package of agricultural 
policies that have emerged in recent years. Other 
interests exist, to be sure, such as foreign pro- 
ducers and consumers, and they too are active 
in our political arena. The crucial question, 
however, is who really counts in determining 
the final outcome of a given bill? My interpre- 
tation of the evidence is that domestic producers 
have the heavy political weapons, the metaphor 
of nuclear bombs comes to mind. The environ- 
mental interests have a tank or two and taxpay- 
ers and consumers perhaps a Molotov cocktail. 
Time after time during congressional debate on 
the 1990 FACTA bill, amendments that would 
have advanced consumer and taxpayer interests 
were beaten back by committee members who 
were loyal supporters of producers. Thus, An- 
tle’s statement that “the principal goal of farm 
policy is to increase the welfare of farm inter- 
ests” is more valid than is implied by his model 
or explicitly stated in his discussion. 

Kramer’s long list of consumer interests pro- 
moted in FACTA cannot convincingly be used 
as evidence for dominating consumer power since 
almost all of them do not constitute a threat to 
producer wealth and income positions. Little 
political conflict is likely when a change in pol- 
icy enhances the welfare positions of both par- 
ties. It is when some gain occurs at the expense 
of others that we discover who has real political 
clout. 

Environmental interests did achieve some- 
thing of a breakthrough with the CRP, sod- 
buster, swampbuster, and conservation-compli- 
ance provisions in the 1985 FSA bill. However, 
given inelastic demand curves facing producers, 
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the CRP can hardly be described as inimical to 
producer incomes, especially considering the di- 
rect transfer to producers of about $55 dollars 
per acr2 placed in the reserve and the 50% cost- 
Share provided by the government to establish 
plant cover. On 30 October 1990, Secretary 
Yeutter announced that fiscal year 1991 pay- 
ments to about 330,000 producers participating 
in CRF would be $1.6 billion dollars, or an av- 
erage cf $4,848 per participant. This amount is 
not an insignificant reward for their participa- 
tion. 

Sodtuster and swampbuster provisions have 
clearly been onerous as well as inequitable to 
producers, given that all program benefits could 
be withheld from violators, and luck largely de- 
termined whether or not a particular farmer hap- 
pened io be located on environmentally sensi- 
tive land. Consistent with my thesis of producer 
power, the Congress responded to these con- 
cerns in the FACTA by providing numerous ex- 
emptions to the penalties mandated in the FSA. 
I am not arguing that these exemptions neces- 
sarily irjure consumers and taxpayers or that they 
even represent inefficient policy. But they are 
hardly what environmentalists and conserva- 
tionists desired. 

Antle points out that deficiencies in the en- 
vironmental provisions of the 1985 act soon be- 
came apparent, and that better targeting of the 
real ervironmental problems is the remedy. 
Agreed. However, Congress has never been 
willing to tightly target agricultural programs, 
whethe- they be deficiency payments, credit 
programs, disaster payments, or conservation 
programs. Even the food distribution benefits 
discussed by Kramer have often gone to “un- 
intended” beneficiaries. The reasons are ob- 
vious: the goal of every member of Congress is 
to maximize the benefits conferred on those to 
whom he/she is politically beholden. The result 
is a broad distribution of program payments and 
benefits across the demographic and geographic 
spectra. 

The FACTA appears to mandate bold new 
initiatives in protecting wetlands and water 


Copyright 1991 American Agricultural Economics Association 


Gardner 


quality. The voluntary water-quality program 
hopes to enroll 10 million acres of farmland 
through 1995. But, of course, landowners will 
be paid to implement water-quality plans. And, 
of course, cost-share payments for wildlife and 
wetland preservation are also authorized. In fact, 
the FACTA suggests that, if necessary, the gov- 
ernment might pick up the entire cost of the wet- 
land and land-easement initiatives. So, it ts 
business as usual after all. Just as was the case 
with CRP, these new programs are sure to be 
utilized for income transfers to participants that 
are not justified by environmental gains and 
economic-efficiency benefits. 

FACTA mandates that CRP acres may be tar- 
geted. for water-quality and other environmen- 
tally sensitive problems in addition to soil ero- 


dibility. Further, highly erodible land criteria have 


been tightened and marginal pasture land can now 
be eligible for the CRP under specified condi- 
tions. While all of these environmental features 
of the new act may produce some benefits, they 
also will give more political constituents a claim 
on the budgetary resources of the government. 
I predict that an even greater proportion of the 
government’s budget will be politically allo- 
cated rather than targeted to the most critical en- 
vironmental problems. Congressional pressures 
will be mounted for a watering down if not an 
evasion of those provisions that cut into pro- 
ducer profits. 

Antle points out that Becker has argued that 
income transfers to producers will be done in 
ways that minimize deadweight efficiency losses. 
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Decoupling of payments from production deci- 
sions has many efficiency and environmental 
advantages and thus would reduce deadweight 
losses. However, less than 10 million acres of 
land have thus far been idled in the 0/92 and | 
50/92 decoupled programs as compared to about 
30 million in the CRP and around 50 million in 
annual acreage set-asides. So much for efficient 
transfers! But why? Because producers have the 
political clout to get their transfers built into 
support prices, acreage allotments, and internal 
and external quotas where the payments are 
largely hidden from consumers and taxpayers. 

FACTA has extended the marketing loan to 
oilseeds and possibly to wheat and the feed grains 
to guarantee that American exports are compet- 
itive. The budgetary costs with the taxpayers 
footing the bill could be enormous if the EC 
continues to subsidize exports, keeping world 
market prices low. The implications for the en- 
vironment are unclear depending on the quan- 
tities and locations of acreage that is cropped 
and the incentives to use chemicals. 

The triple base option gives farmers more 
planting flexibility in maintaining program crop 
bases than was available previously. As Kramer 
points out, this will probably result in more oil- 
seed production and lower consumer prices for 
cooking oil and perhaps slightly lower livestock 
prices. But this could be offset by higher market 
prices for the grains which are displaced. Kra- 
mer seems to have it about right when predict- 
ing only a slight impact on consumers. Too bad 
we cannot say the same for taxpayers. 


The 1990 Farm Bill and the Uruguay 


Round: Discussion 


Daniel A. Sumner 


The papers by Runge, and Rossmiller and Nu- 
gent review some major U.S. commodity policy 
changes of the last year (the 1990 Food, Agri- 
culture, Conservation and Trade Act and the 1990 
Budget Reconciliation Act). They then consider 
the major prospective policy change for inter- 
national agriculture, the still-evolving Uruguay 
Round of multilateral trade negotiations under 
the GATT. This discussion follows the same path, 
and the main objective is to clarify some points 
raised in the two papers. 

Most of the Runge paper consists of specu- 
lation on the politics of the process of creating 
the 1990 farm legislation or on the internal mo- 
tives of the individual actors. But every partic- 
ipant or observer will have a different set of 
impressions. For example, from my perspective 
it seems clear that much of the core of the 
Administration Green Book was included in the 
final act. Instead of continuing in this vein, let 
us turn to the results for commodity policy. 

For target price commodities (grains and cot- 
ton), payment yields were kept frozen for the 
next five years and effective loan rates were raised 
slightly but kept well below the range likely to 
provide a floor to market prices. Keeping these 
features of the 1985 act avoided a return to the 
major distortionary aspects of earlier programs. 
The innovation of the 1990 act was that the bud- 
get reduction (of some $11.2 billion in projected 
commodity program spending over five years) 
was achieved in ways that should enhance the 
economic performance of the sector. Outlays 
were reduced by reducing the base acres eligible 
for deficiency payments by 15%. Under the new 
programs, even for program participants, the 
anticipated market price is the relevant supply 
price for marginal acreage decisions among pro- 
gram crops and oilseeds. With frozen program 
yields implying that market price is the relevant 
supply price for producers on the intensive mar- 
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gin as well, target price programs are substan- 
tially less distortionary than just five years ago. 
Farmers face market prices for all marginal pro- 
duction decisions. Further, the provision of the 
1990 legislation that protects an additional 10% 
of base if planted to alternative crops allows more 
short-run supply response to market conditions 
by eliminating the potential capital loss of valu- 
able base for changing crops. Unlike the low- 
ering of target prices in the 1985 act, the struc- 
ture of the programs themselves was made more 
market oriented in 1990. 

One of the major controversies in 1990 was 
over eliminating program payment eligibility for 
those associated with farms with large gross sales 
or for those participants with high net incomes. 
These and other targeting schemes were pursued 
most vigorously outside the agricultural com- 
mittees. Targeting raises basic questions about 
the purpose of commodity programs. If they are 
really income maintenance programs for the de- 
serving needy, then the distribution of payments 
is indeed odd (Sumner). Alternatively, if their 
role is to regulate markets as industrial policy, 
then perhaps direct payments to individuals is 
not the appropriate program structure. In the end, 
no targeting was enacted in 1990 and little prog- 
ress was made in clarifying the issues. 

Commodity programs without direct pay- 
ments did not progress toward market orienta- 
tion in 1990. In 1990 the legal details of U.S. 
sugar import program was changed in response 
to a GATT challenge from Australia, but this 
was done administratively and will likely have 
no significant effect on the economic operation 
of the program. Legislation left the sugar (and 
peanut) program mostly unchanged from 1985. 

Dairy policy saw a clear move away from 
market orientation in 1990. The 1985 Food Se- 
curity Act provided a formula that keyed sup- 
port price changes to the level of government 
purchases of surplus production. The support rate 
came down after 1987 and was likely to con- 
tinue a slow downward path with continued ex- 
pected surplus for the next year or two. But the 
1990 act severed the link to market forces and 
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froze the support price at the current $10.10 per 
hundredweight. The result will almost surely be 
large surpluses and outlays. Provisions for pro- 
ducer assessments and some unspecified sug- 
gestions for supply controls are what the legis- 
lation offers to stem the anticipated milk glut. 

One provision of the dairy assessment scheme 
should be highlighted for its perverse implica- 
tions. For the initial 5¢ per hundredweight as- 
sessment (scheduled to increase), dairy produc- 
ers who do not increase their output from the 
previous year will have their assessments re- 
funded. To qualify for a refund requires no 
growth, and being just one pound over the no- 
growth level requires payment of the full as- 
sessment. Consider the producer who sold 15,000 
hundredweight at $12 in 1991 and faces a 20¢ 
assessment for 1992. In this case, if she sells 
15,001 hundredweight at $12 per hundred- 
weight in 1992, her net of assessment receipts 
will be $2,988 less because of that last hun- 
dredweight of milk. For a 10% expansion the 
marginal net price for the last 150 hundred- 
weight is not $12 or $11.80 but $9.80 and in- 
creases asymptotically toward $12. The demand 
price facing each producer has a discontinuity 
that implies an effective choice between a large 
expansion or no expansion at all. Young pro- 
_ ducers are penalized as are those with improv- 
ing efficiency or other incentives to expand. The 
winners are those who are already well estab- 
lished and secure, though for all producers the 
incentives for herd improvements and other ef- 
ficiencies are reduced. 


The Uruguay Round 


The Uruguay Round of trade negotiations was 
still underway in late December 1990, and the 
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months between the writing and printing of this 
discussion should resolve many of the uncer- 
tainties about the outcome of the Round. In this 
context perhaps two points are useful. 

First, in the realm of reasonable outcomes for 
agricultural trade, our analysis at the U.S. De- 
partment of Agriculture (USDA) indicates no 
additional internal support reductions (above what 
was accomplished in 1985 and 1990) for the tar- 
get price commodities in the United States (ex- 
cept perhaps for rice). The United States has 
made major cuts in internal production-related 
support levels since 1986, and the payment base 
reductions and other changes in 1990 are larger 
than other countries have been able to match. 
By suggesting further reductions in deficiency 
payments are necessary in a GATT agreement,. 
Runge has simply not analyzed the proposals 
carefully. 

Second, the set of outcomes based on the 
Hellstrom proposal in Brussels includes options 
that can have clear, measurable benefits for U.S. 
agriculture and trade. Rossmiller and Nugent are 
overly pessimistic that trade gains are not in the 
set of a potential compromise. Even a 30% re- 
duction in European Community subsidized ex- 
ports over five years would raise grain and other 
commodity prices substantially and provide new 
market opportunities for the competitive ex- 
porters. This is clearly on the path to bringing 
discipline to agricultural trade and should be 
enough to garner the support of commodity in- 
terests and economists alike. 
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Data Needs for the Assessment of Environmental Quality and Food Safety 
(Stanley R. Johnson, Iowa State University, presiding) 


Data Needs to Assess Environmental 
Quality Issues Related to Agriculture 


and Rural Areas 


Jerald J. Fletcher and Tim T. Phipps 


The assessment of environmental quality prob- 
lems and the design and economic evaluation of 
alternative federal, state, and local policy strat- 
egies to address environmental issues require 
complex analyses which must address the un- 
derlying physical, biological, social, and eco- 
nomic processes. The study of environmental 
problems is thus inherently multidisciplinary and 
should involve the physical, biological, and so- 
cial sciences. Unfortunately, the multidisciplin- 
ary nature of environmental issues has caused 
problems with the quality and general avail- 
ability of the data necessary for appropriate 
analyses. While data have been collected in many 
areas to address discipline-specific problems, 
there has been little regard for the eventual need 
to coordinate analyses across disciplinary lines. 
As Portney points out, this lack of coordination 
in data collection is reflected in the often Bal- 
kanized system of data collection among federal 
statistical, research, and action agencies. 

The activities of the Economic Statistics 
Committee (ESC) of the American Agricultural 
Economics Association (AAEA) highlight the 
need for the appropriate data to analyze both the 
causes and consequences of environmental 
problems as well as the set of alternative policy 
solutions that have been or may be proposed to 
alleviate such problems (Bishop and Ervin).' This 
paper reflects the continuing concern of the ESC 
with these issues. 
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This paper builds on previous discussions of 
the methodological approaches to, and the as- 
sociated data needed for, the study of environ- 
mental problems. The primary focus is on the 
underlying issues that must be resolved in this 
area, not an exhaustive review of current data 
availability nor a repeat of the common call for 
additional data and data collection efforts. The 
promise of relatively recent advances in com- 
puter methods (primarily geographic informa- 
tion systems-——GIS) for data development and 
analysis and the implications for future direc- 
tions for empirical economic analysis of envi- 
ronmental problems are discussed. There 1s also 
discussion of a variety of separate, but related, 
issues that pertain to environmental data needs. 
Finally, we derive implications from the dis- 
cussion that can guide current and future data- 
gathering efforts to aid in the analysis of envi- 
ronmental problems and policies. 


A Framework for Assessing Agriculturally 
Related Environmental Data Needs 


To gain a better perspective on the data needs 
problem, it is useful to consider the framework 
in which the data are to be analyzed. Just and 
Antle develop a conceptual framework that con- 
siders interactions between agricultural and en- 
vironmental policies. The framework is based 
on a model that shows that farmers’ production 
decisions generate a joint distribution of output, 
input, environmental attributes, and pollution. 
Using their framework, they argue for the need 
to know the joint spatial distribution of both 
physical and economic factors in order to ana- 
lyze the economic and environmental conse- 
quences of agricultural and environmental poli- 
cies. They conclude: “Our analysis points to the 
kinds of data that are needed to make valid in- 
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ferences. Statistically reliable field-specific pro- 
duction data and environmental data would make 
possible measurement of key parameters (such 
as the correlation between production decisions 
and environmental attributes of land) that are 
needed to assess the aggregate relationships be- 
tween agricultural policy, environmental policy, 
and the environment” (p. 202). We second Just 
and Antle’s call for greater coordination of the 
research and data-gathering efforts of the var- 
ious disciplines involved in the analysis of en- 
vironmental problems and policies. The need for 
information on the joint distribution of eco- 
nomic, social, physical, and biological param- 
eters should be recognized. We would, how- 
ever, like to discuss the implications of their 
conclusions for the further development of ap- 
propriate data and analytical methods. 

In practice, the collection and analysis of data 
relevant to environmental policy problems does 
not, and should not necessarily, proceed only 
from the field level to the aggregate. The de- 
velopment of the appropriate data is a dynamic 
process that iterates between aggregated analy- 
sis of the data at hand and more detailed data 
collection based upon the'results of prior aggre- 
gated analysis. Analysis of the additional data 
and the implications gleaned from further ag- 
gregate analysis may lead to another round of 
data gathering as well as, in many cases, re- 
definition of the policy problem or issue under 
consideration. That is, data needs are funda- 
mentally related to the problem being analyzed; 
the problem defines the data needs, while the 
availability of data limits the problems that can 
be addressed. The Just and Antle framework 
should not be interpreted to mean that the avail- 
ability of field-specific data is a necessary re- 
quirement for spatially detailed analysis; the de- 
velopment of such data is neither necessary nor 
economically efficient for many policy prob- 
lems. As their framework makes clear, it is the 
correlation of relevant factors that is important. 
The level of detail necessary in the data collec- 
tion that this implies largely will depend on the 
spatial and temporal correlation coefficients 
among the factors. 


Geographic Information Systems 


Geographic information systems (GIS) have the 
potential to greatly increase the usefulness of 
existing data in the analysis of environmental 
problems. A geographic information system is 
a combination of computer hardware and soft- 


Environmental Quality Data 927 ` 


ware designed to collect, manage, analyze, and 
display spatially referenced data. The GIS ap- 
proach to handling vast amounts of data while 
preserving spatial detail has been enthusiasti- 
cally received by many of the scientific disci- 
plines and agencies working in areas germane 
to environmental issues. Examples of GIS ap- 
plications include such diverse activities as de- 
scribing and managing natural resources such as 
forests, soils, water, and minerals; use by utility 
companies to plan routing and service areas; ap- 
plication to the work of local area planning 
committee, tax assessors, zoning boards, sur- 
veyors; and the list could be extended. Because 
of the large number of observations and the 
complexity of the relationships among the data 
points necessary to provide spatially detailed in- 
formation on resource characteristics that vary 
significantly over space and/or time, computer 
applications of GIS have traditionally been ex- 
pensive and reserved for relatively high-pow- 
ered mainframe systems with large amounts of 
data storage. Recent advances in the computing 
power of personal workstations has made com- 
puter-intensive data analysis such as GIS cost 
effective. 

Economists, however, have not yet widely 
adopted GIS approaches nor adapted empirical 
economic analysis to utilize the potential bene- 
fits of GIS. While GIS and related technologies 
are making it possible to generate, manipulate, 
understand, and disseminate information about 
the world far more broadly and pervasively than 
has been possible with previous technologies, 
economists have often seen only the final re- 
sults—the maps or other: graphic displays of 
physical phenomena. Such a picture hides the 
individual features of the many thousands of data 
points of which it is composed. GIS may be in- 
correctly perceived as merely a useful tool for 
creating maps, not as a separate tool to be used 
in spatial analysis. 

A discussion of the potential that GIS hold for 
strengthening economic analyses may open new 
research paths in economics. GIS can signifi- 
cantly improve our ability to analyze environ- 
mental problems using conventional approaches 
by significantly improving the quality and the 
quantity of available data. In addition, we be- 
lieve that GIS will open new avenues of empir- 
ical analysis based on spatial statistics and result 
in the development of novel and innovative ap- 
proaches to policy analysis. The first issue in- 
volves new tools for old questions, while the 
latter may be summarized as new questions aris- 
ing from new tools. 
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Using GIS to Facilitate the Use of Available 
Data 


Numerous government agencies devote a con- 
siderable portion of their budgets and available 
manpower to collecting information on the world 
in which we live. Environmental data (or data 
relevant to the analysis of environmental prob- 
lems) are collected by diverse agencies in many 
departments. For example, in the Department of 
Commerce, the National Oceanic and Atmo- 
spheric Administration has extensive spatial and 
temporal data on weather patterns and climatic 
conditions, while the Bureau of the Census de- 
velops extensive information on many demo- 
graphic and economic aspects of our industrial 
society. In the Department of Interior, the Geo- 
logical Survey has data on ground and surface 
water quantity and quality, on geologic forma- 
tions, chemical compositions, and many other 
measures of interest to specific problems; the 
Bureau of Land Management maintains infor- 
mation on portions of the public lands, and the 
Fish and Wildlife Service has data on wildlife 
and fishery habitat and abundance as well as 
recreational use. In the Department of Agricul- 
ture, the Soil Conservation Service has detailed 
information on soil characteristics and related 
data for private lands; the National Agricultural 
Statistics Service (NASS) develops information 
on agricultural inputs, production, and related 
items; and the Forest Service has information on 
recreation use, fisheries, and many other aspects 
of public forest lands besides those directly re- 
lated to timber production. The Environmental 
Protection Agency has extensive data sets on 
pollution sources. The National Aeronautics and 
Space Administration and the Departments of 
Defense, Energy, and Health and Human Ser- 
vices all collect and maintain data that may be 
useful in analyzing specific environmental is- 
sues. This list reflects the diverse nature of the 
data useful in the analysis of environmental is- 
sues. It could be extended significantly, but the 
point is clear: the sources of relevant data are 
numerous and diverse. (See Yardes et al. and 
Garkey and Chern for specific details on data 
availability.) 

The various collections of data for analyzing 
environmental issues are quite diverse, and pub- 
lished statistics are of such an aggregate nature 
that they often are not useful in developing in- 
sight into the spatial correlations and complex 
interactions between the physical resource base, 
natural phenomena, and man’s activities that re- 
sult in environmental problems. The raw data 
on which such statistics are based, however, often 
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are of sufficient detail and contain the temporal 
and spatial reference points necessary to de- 
velop linkages between disparate data sets. Such 
data caa be used in the analysis of problems not 
contemplated by the original collectors of the 
basic data. In many instances, however, while 
the basiz information may be included in the raw 
data, the form and method of storage varies so 
greatly across agencies and among data sets that 
systemacic joint anaysis of the disparate data sets 
has been difficult and costly at best and often 
virtually impossible from a practical perspec- 
tive. Recent developments in computer hard- 
ware ard software may provide a key to better 
data utilization if institutional and legal con- 
straints can be overcome. 

Muct of the information available on the re- 
source dase has yet to be included in the eco- 
nomic analysis of environmental problems, al- 
though aggregate statistics drawn from the data 
are often used. In many cases, the information 
on resource characteristics has been reported as 
maps, cften with the information summarized in 
a series of contour or “iso-value” lines. Ex- 
amples include average rainfall, elevation, pre- 
cipitaticn, soil type, temperature, habitat, and 
so on. The ranges reported are related to the scale 
of the nap and the properties underlying the 
spatial end, in some cases, temporal distribution 
of the characteristic of interest. Using such in- 
formation in even a simple economic analysis 
has traditionally required a large investment of 
both time and effort in the development of a data 
set that reflects the attributes of the resource 
characteristic and is of a scale or level of ag- 
gregaticn suitable to the problem under consid- 
eration. i 

In recent years many of the older maps have 
beer stcred in electronic format as part of a GIS 
system, and newer maps are often a visual de- 
piction of information stored in digital form. If 
the infcrmation is available in a suitable GIS 
format, summary statistics relative to a single 
resource variable or combination of variables that 
includes spatial references can be developed with 
relative ease. GIS systems can also be used to 
combine synthetic data, for example estimates 
of nonpoint pollution loading from agricultural 
lands produced by simulation models (perhaps 
based on observed parameters of the resource 
base and hypothetical or observed management 
parameters contained in a GIS), with observa- 
tions on point sources to obtain overall estimates 
of an emvironmental quality parameter such as 
BOD in ambient water. The data requirements 
for the sound analysis of environmental issues 
may be best met from nontraditional sources. 
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Thus, current GIS systems can increase the 
number of data series available for conventional 
economic analysis if the economist knows about 
the relevant data and has access to it. With the 
increasing prominence of multidisciplinary ap- 
proaches to problems that cut across traditional 
disciplinary boundaries, it is important that ex- 
isting data originally gathered to support re- 
search in individual disciplines be catalogued and 
made accessible to others. 


` Using GIS to Develop Innovative Approaches 
to Economic Policy Analysis 


Of more interest is how GIS and related tech- 
nical developments in statistics may provide new 
paths for empirical analyses. As a profession, 
economists have concentrated on time-series 
analysis, the analysis of data that have temporal 
reference points but without spatial dimension. 
When the concept of space has been introduced 
in the analysis, it has usually been in a simple 
way, such as the way distance is introduced in 
travel cost models to measure resource price. 
While developments in spatial econometrics have 
been reported in the literature (see Paelinck and 
Klaassen for an introduction), applications have 
been primarily in the regional science literature 
and heavily dominated by Western European ci- 
tations. The promise that GIS hold for the im- 
proved analysis of environmental problems rests 
largely on the ability of GIS to provide the foun- 
dation necessary to develop spatial autocorre- 
lation functions and other measures. of spatial 
correspondence that may be important in gaug- 
ing the effects of environmental problems and 
alternative policies. 


Issues Related to Environmental Data 
Needs 


A number of specific issues are especially per- 
tinent to the data needs for evaluating environ- 
mental problems. These include barriers to the 
accessibility of existing data, such as confiden- 
tiality, moves toward the privatization of data, 
the effects of nonmarket aspects of critical fac- 
tors related to environmental quality, uncer- 
tainty in the data, and the appropriate level of 
reliability. 


Barriers to Access 


A number of difficult issues are related to in- 
stitutional and legal barriers to data access. One 
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of the most pressing is confidentiality—an in- 
dividual’s right to privacy versus society’s right 
to know. Confidentiality is particularly a prob- 
lem with environmental data because of the need 
to preserve spatial detail in the analysis and often 
in the presentation of results. Confidentiality is 
often dealt with in other areas by making the 
data available only in an aggregated form. Un- 
fortunately, as discussed above, aggregated data 
are often not useful in analyzing environmental 
problems. This issue will continue to receive at- 
tention from a broad spectrum of interests, and 
the final outcome is far from decided. 

A second, but related, issue is duplication of 
effort. While duplication has traditionally arisen 
from lack of communication among those gath- 
ering the data; now it sometimes arises because 
of confidentiality constraints. If agencies are un- 
able to share information because of confiden- 
tiality rules, both may gather the same basic in- 
formation to meet their stated objectives even if 
additional burden is placed on respondents. 
Again, a tradeoff occurs between the benefits of 
privacy and the costs of duplication. 

A third issue is the move toward privatization 
of data. For example, much of the remote sens- 
ing data is now obtained from SPOT, a for-profit 
corporation whose objective is to make money 
from the images collected. Another and more 
insidious problem is the move toward private 
distribution of data collected by public agencies. 
For example, various private companies market 
value-added products based on census data. While 
this is in many cases appropriate, if private pro- 
vision of data leads to reduced public access to 
data, this seems to undercut the primary reason 
for public data collection efforts, the public good 
aspects of information, and the natural monop- 
oly nature of data collection efforts. 

Security and national defense comprise the 
fourth issue. The information available via re- 
mote sensing, satellite photography, and other 
modern technologies is of vital importance to 
national security interests and therefore is often 
classified. If made available to the general pub- 
lic, on the other hand, the information obtained 
by security and defense agencies could dramat- 
ically alter the information available for the 
analysis of environmental and resource issues. 


Effects of the Non-Market Characteristics of 
Environmental Issues 


As noted by Bishop and Ervin, many environ- 
mental issues involve actions or goods that are 
not traded on markets and cannot be measured 
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by observing market transactions. Analysis of 
ervironmental issues must, therefore, often rely 
on nonmarket techniques to measure economic 
benefits and costs. In many such cases, econ- 
omists are left to collect the necessary infcr- 
mation directly. Many of these nonmarket tech- 
niques, such as contingent valuation, utilize 
survey methods that are not generally part of the 
training of most economists (Bishop and Ervin). 
This need for greater training in nonmarket 
evaluation techniques was driven home by the 
level of attendance at the nonmarket benefit ses- 
sion at the Vancouver meetings in 1990. 

Perhaps more important from a data perspec- 
tive, the data generated as part of a nonmarket 
benefit study are often relevant only to the par- 
ticular situation under study. The development 
of methods that would circumvent this problem 
could return large benefits. One possibility is to 
develop and specify models to evaluate non- 
market inputs and outputs that allow generaliza- 
tion of the estimated parameters to other regions 
and situations (Walsh, McKean, and Johnston). 

In any case, economists cannot look to our 
fellow researchers in other disciplines to solve 
the problem of valuing nonmarket goods. Val- 
uing environmental amenities, damages, and 
other nonmarket goods belongs to the econo- 
mist. The basic understanding of these nonmar- 
ket values is not yet sufficient to allow for broad 
collection of appropriate values by a statistical 
agency. However, it is important to use the in- 
formation gleaned from specific studies to de- 
velop methodologies that will complement the 
information available on the resource base. The 
result will better guide policy development and 
evaluation. 


Uncertainty in the Data 


Bishop and Ervin also note a tendency for greater 
uncertainty associated with natural resource ard 
environmental data than with most data used in 
other areas of research. Each step in what is often 
a complex chain of interactions that result in en- 
vironmental problems has, at best, some uncer- 
tainty associated with expected outcomes. As 
these steps are combined, the uncertainty may 
be compounded. However, because coefficients 
and/or data developed by other disciplines are 
often entered into an economic analysis as non- 
stochastic terms, the true nature of the uncer- 
tainty in a particular problem may be obscured. 

Uncertainty is associated with the location and 
behavior of a pollutant in the environment. For 
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example, it is often necessary to know how pol- 
lutants are transported spatially, potentially a 
three-dimensional problem. In addition, there is 
an added temporal dimension of decay or ac- 
cumulation that depends on the environmental 
characteristics of each point in space (e.g., soil 
type) and time (e.g., temperature). Thus, un- 
certainty enters not only with location of a pol- 
lutant in four-dimensional space-time but also 
with the environmental attributes and chemical 
processes associated with each point. Locational 
and behavioral uncertainty is compounded by 
uncertainty of the effects. That is, not only is 
the level of pollution uncertain, but the envi- 
ronmental or health damages caused by the pol- 
lutant are often only partially understood. This 
uncertainty is compounded when the secondary 
effects from combinations of pollutants, inter- 
mediate compounds formed by the pollutant, or 
(once ingested) metabolites of the pollutant are 
considered. 

The great complexity and uncertainty asso- 
ciated with the location, behavior, and damages 
of a pollutant mean that information is required 
from a wider variety of sources than is neces- 
sary for most problems analyzed by economists. 
Frequently, the available data were originally 
developed from samples fraught with problems 
of sample selection bias. That is, much of the 
available data is not based on random or strat- 
ified random samples but is, as noted by Bishop 
and Ervin, driven by particular problems, public 
complaints, or “hot spots.” Typically, the avail- 
able environmental data relevant to a particular 
problem will be a combination of randomly 
sampled data for certain regions, no data for other 
regions, and biased or “hot spot” data for still 
other regions. While data collected on a non- 
random basis contain less information than a well- 
constructed random sample, it does contain some 
information. The trick is to combine the avail- 
able information so that the statistical integrity 
(or lack thereof) of each sample is preserved, 
and then to present the results in a way that ac- 
curately conveys the differing statistical reli- 
ability for each region. 


Appropriate Level of Data Reliability 


As mentioned earlier, the level of accuracy or 
reliability of the data needed is related to the 
problem under consideration. For water pollu- 
tion from agricultural production, data at the field 
level or even lower may be necessary to predict 
accurately both the economic and environmental 
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effects of alternative policies if relevant field 
characteristics vary significantly. While this level 
of spatially detailed data would be ideal, it is 
not economically efficient or necessary to gather 
such data to analyze many issues of interest. 
While this level of detail would be needed if the 
policy were a centralized command and control 
program, most of the environmental problems 
related to agriculture are nonpoint in nature and 
not well suited to such policies. Policies that ad- 
dress agricultural nonpoint pollution are often 
handled more efficiently by a mix of centralized 
and decentralized decision making, with each 
level of decision requiring data of different re- 
liability or scale of sampling. 

Soil conservation policy provides a good ex- 
ample. As part of the National Resources In- 
ventory (NRI) first conducted in 1977, data on 
soil erosion were developed that demonstrated 
that erosion problems are highly concentrated in 
a few regions of the country. This information 
spawned the policy problem of ‘targeting soil 
conservation spending to those regions with the 
most severe soil erosion problems. While such 
targeting is more cost effective than not target- 
ing, there is also high intraregion variability in 
soil erosion rates. Unfortunately, while the NRI 
is statistically valid at the major land resource 
area level, it is not detailed enough to determine 
the actual fields, or portions of fields, that re- 
quire treatment. 

The NRI, however, can be used in two ways 
to guide soil conservation policy. The first is to 
help policy analysts determine which regions of 
the country, and the characteristics of areas within 
each region, where it would be most efficient to 
gather the highly detailed data needed for field- 
level treatment. A second, and related, possible 
use is to serve as the first step in a multistage 
budgeting process, where the first stage is the 
centralized decision of how to allocate the soil 
conservation budget among competing regions 
and the second is the regionally decentralized 
decision of how to allocate regional budgets 
among farms. The third step is fully decentral- 
ized decisions made by individual farmers about 
how to allocate received soil conservation funds 
among competing techniques and fields. This step 
would necessarily require detailed knowledge of 
the resource base as well as characteristics of 
the farm firm, but attempting to use this infor- 
mation in the initial allocation stages may not 
be practical. It is still likely, however, that the 
information necessary for local implementation 
of any policy or plan will be much more detailed 
than that necessary to guide the formulation of 
national policies and guidelines. 
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Conclusions and Future Implications 


We have not attempted to reiterate the lists of 
environmental data needs that have been put 
forward in numerous pleas for more data. While 
more data are needed—-in some areas the in- 
formation available is woefully lacking—there 
is a great need for consolidation and assessment 
of existing data to guide additional data collec- 
tion efforts. While the need for additional data 
is obvious in many areas, in other cases the need 
could be filled, at least in part, by existing in- 
formation housed in seemingly unlikely places. 
Many agencies have gathered considerable data 
on the resource base of the United States——-we 
probably know more about our country’s re- 
sources than any other in the world. However, 
much of this information is virtually inaccessi- 
ble to those most interested even if they have 
managed, by some happenstance, to learn of it. 
We can only reiterate our perceived need for a 
clearing house for environmental data, a “Bu- 
reau of Environmental Statistics” as so ably stated 
by Portney. l 

Such a central agency for the collection, eval- 
uation, and delivery of critical environmental 
information would provide a tremendous leap 
toward meeting environmental objectives. A 
central environmental clearing house could pro- 
vide for combining data sets (perhaps individ- 
ually confidential) from diverse sources in ways 
necessary for appropriate analysis while still 
maintaining the required levels of confidential- 
ity and protecting the rights of the individual. 
Appropriately funded and supported, a central 
clearing house could coordinate data collection 
efforts, reduce duplication, and provide guide- 
lines for a common data format. 

Interdisciplinary communication on data col- 
lection and collaboration across disciplines on 
experimental design also are needed. While dis- 
ciplinary studies may concentrate on particular 
aspects of a problem, a coordinated effort could 
develop not only discipline-specific data but add 
those data necessary for the results and conclu- 
sions to be assimilated in other research by other 
disciplines. For example, agronomic studies 
based on an experimental design that creates the 
data necessary for analysis of variance tests of 
alternative levels of a particular treatment may 
provide little insight into the tradeoffs and sub- 
stitutions among inputs. Many such studies have 
not recorded the levels of factors held as con- 
trols within a particular experiment but neces- 
sary to make the results useful in understanding 
broader questions related to input controls and 
other factors of interest. 
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We would hope that current and future data- 
gathering efforts will result in an integrated ap- 
proach to data collection and analysis that will 
allow for the compilation of the spatial and tem- 
poral correlation functions necessary to guide 
aggregation of site-specific studies to broader 
ageregates. Examples of such efforts are the crop- 
specific studies conducted by NASS in coop- 
eration with the Economic Research Service 
(ERS), the Management Systems Evaluation Area 
(MSEA) projects that result from cooperative 
efforts among a variety of agenies concerned with 
environmental problems in agriculture, and the 
area studies anticipated by the ERS. While we 
cannot expect all data needs to be filled im- 
mediately, careful, coordinated planning of ef- 
forts now underway can significantly increase 
the effectiveness of such studies in shedding light 
on underlying data and aggregation issues. 
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Data Needs to Address Economic 
Issues in Food Safety 


Tanya Roberts and David Smallwood 


Invisible hazards and imperfect information held 
by producers, consumers, and regulators con- 
tinue to make food safety a volatile issue that 
can disrupt markets and cause substantial losses 
to suppliers of agricultural inputs, farmers, mar- 
keters, and consumers. New and improved data 
are needed to assess risks, consumer demand, 
and costs of alternative private and public con- 
trol strategies. 

Food safety data were identified as a high 
priority by several groups. The 1989 Survey of 
Agricultural and Rural Social Scientists ranked 
“very important” data collection and dissemi- 
nation efforts and gave “develop measures of 
food safety” a rank of seventh and “inventory 
of pesticide and herbicide applications” a rank 
of ninth (Hushak, Chern, and Tweeten). A re- 
port of the planning and budget subcommittee 
of the Experiment Station Committee on Orga- 
nization and Policy (ESCOP), Research Agenda 
for the 1990s: A Strategic Plan for the State Ag- 
ricultural Experiment Stations, rated “ensuring 
the safety and stability of consumer foods” as 
its first priority. The National Research Initia- 
tive Competitive Grants Program in the U.S. 
Department of Agriculture (USDA) added food 
safety to its list of program areas for funding in 
1990, largely because of ESCOP’s rating. Pres- 
ident Bush proposed a major food safety initia- 
tive in 1989 with a large data collection com- 
ponent, and Congress appropriated funds in 1990. 

Better data are needed on the incidence, se- 
verity, and economic dimensions of foodborne 
disease from microbial (bacteria, parasites, fungi, 
and viruses), chemical (insecticides, herbicides, 
fertilizers, animal drugs, environmental con- 
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taminants, food additives), and natural constit- 
uents (including biotechnology) in food.’ No data 
source exists with definitive estimates of the 
number of illnesses caused by foodborne sources 
or the distribution of disease severities (OMB). 
The estimates in the literature suggest that mi- 
crobial sources are causing from 6.5 to 33 mil- 
lion cases of foodborne disease annually and 
9,000 deaths (Bennett et al., Garthright, Archer, 
and Kvenberg). Chemical sources of foodborne 
disease risk are less well characterized. A worst 
case EPA estimate suggests 6,000 cases of can- 
cer annually (EPA 1987), while others have 
reckoned the risk to be much smaller (EPA 1990, 
Ames and Gold, Archibald and Winter). Econ- 
omists can contribute to the food safety discus- 
sion by identifying data needed for economic 
analysis, estimating the social welfare costs of 
foodborne illness, and estimating benefits and 
costs of alternative control programs. 


More Information Improves Social Welfare 


The central food safety problem is lack of in- 
formation. Consumers cannot look at a package 
of food and see either chemical residues or mi- 
crobial contaminants. Food safety attributes are 
difficult for consumers to quantify even after 
consumption or “experience” with the product. 
For chemical residues the human health effects, 
such as cancer, may not be experienced for many 
years. For many microbial risks, consumers 
cannot correlate flu-like symptoms with food 
because the lag of days to weeks between food 
consumption and illness prohibits identification 
of the specific food or other source of illness. 
Thus, food safety attributes are not readily ap- 
parent either before purchase or after consump- 
tion of food. 

Producers of risky foods do not have an in- 


! There are two emerging areas of data needs that we have not 
been able to address: biotechnology and natural toxic constituents. 
Ames and Gold believe that the human health risk from natural 
plant constituents is several times greater than the risk from chem- 
ical residues in foods. 
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centive to disclose risk information because they 
will make higher profits 1f consumers are un- 
informed. As Akerlof demonstrated, asymmet- 
rical information about product attributes cre- 
ates market failure. 

Market forces not only disclose too little food 
safety information but also generate too little in- 
formation. Basic research about food safety, such 
as developing risk assessment mechanisms or new 
tests to identify foodborne hazards, is under- 
funded because of its public good characteris- 
tics. 

One could imagine that, even if the market 
did not disclose information optimally, private 
liability laws could provide the necessary incen- 
tives for firms to produce the socially optimum 
level of product risk. However, Viscusi dem- 
onstrated that tort liability does not work effi- 
ciently to redress health and safety problems in 
the marketplace because only a subset of the to- 
tal harms are compensatable, and only risks which 
have discrete, easily traceable causes are han- 
dled well by the tort system. An efficient pred- 
uct liability system can sometimes remedy the 
disclosure of information problem but cannot 
solve the general lack of information problem. 

Government subsidization of basic research 
and data collection often improves social wel- 
fare (National Academy of Science 1965). New 
food safety research and data collection can help 
tc reduce uncertainty in decision making and re- 
duce costs due to the misallocation of resources. 
For convenience, we distinguish data needs into 
two broad categories: physical/biological szi- 
ence data needs and economic/behavioral szi- 
ence data needs. 

Physical/biological data are needed to quan- 
tify the underlying technical relationship in the 
production, processing, and marketing of agri- 
cultural commodities. In particular, this type of 
data is needed to establish how chemical and 
microbial contamination levels relate to produc- 
tion, processing, marketing, product quality, and 
health risks. Critical to the ability to obtain such 
information is the availability of tests for de- 
tecting chemical residues and microbial levels in 
an economically efficient way. 

Economic/behavioral data are necessary to 
understand factors affecting the choices of mar- 
ket participants. To alter food production and 
handling practices to reduce foodborne risks, cne 
must know something about the economic trade- 
offs facing producers, processors, and con- 
sumers. For example, reducing chemical use on 
farms and in the marketing system requices 
knowing the impacts of pesticide, fuel, and la- 
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bor prices and alternative pest control strategies 
(such as alternative chemical pesticides, biolog- 
ical cortrols, product quality, crop rotation, 
weeding, and integrated pest management) on 
pesticid? usage, productivity, and costs. Both 
physical/biological and economic/behavioral data 
have important economic implications for food- 
borne risk assessment and risk management. 
Decision makers, whether they be consumers, 
producers, or regulators, need to evaluate the 
economic consequences of alternative choices, 
and these choices depend in part on the under- 
lying physical and biological relationships. Es- 
pecially important is the recognition and mea- 
suremert of risk “tradeoffs,” i.e., how does the 
reducticn of one source of risk affect exposure 
to other types of risk and what are the economic 
costs of this tradeoff? 


Physiczl /Biological Data Needs 


New daza are needed to pinpoint the food safety 
hazards associated with the greatest social costs, 
more definitively identify the foods which are 
vehicles for these hazards, clarify where the 
hazardcus chemicals or microbes are entering 
the food chain, and clarify the underlying phys- 
ical and biological relationships of possible con- 
trol prozrams. 

Micrebial risk assessment data are needed to 
better estimate the extent and range of human 
illnesses from microbially contaminated food 
because. there is no consensus on how many cases 
of foodborne illness occur annually. Yearly, 400— 
500 foodborne outbreaks involving a total of 
20,000 to 25,000 persons are reported to the 
Centers for Disease Control (CDC).” Recently 
CDC researchers published their “best estimate” 
of acute cases of foodborne microbial illness— 
6.5 miLion cases annually in the United States, 
of which 9,000 end in death (Bennett et al.). 
Researchers in the Food and Drug Administra- 
tion have examined human illness data and es- 
timated. 33 million cases of foodborne illness 


annually (Garthright, Archer, and Kvenberg). 


None o? these three estimates is universally ac- 
cepted, and all omit some classes of acute ill- 
ness (fcr example, most foodborne viruses lack 
identifying tests, although viruses are thought to 
be an important cause of foodborne illness). Also, 
complications and chronic conditions following 


2 About 60% of the organisms causing outbreaks are not iden- 
tified (Certers for Disease Control, Bean et al.). The uncertainties 
in estimatng microbial risks come from underreporting acute ill- 
nesses as vell as complications following acute illness. 
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the acute foodborne illness, such as septicemia, 
arthritis, or cardiac dysfunction, may be diffi- 


cult to associate with their foodborne cause. 


(Archer 1984, 1985; Mossel). 

The social costs of foodborne illness, using 
the cost of illness approach to quantify medical 
and productivity losses, have been estimated in 
the literature at $4 billion to $8 billion annually 
(Garthright, Archer, and Kvenberg; Roberts; 
Todd). The social costs of complications or 
chronic conditions following the acute infection 
may be more costly than the acute illness. For 
example, in one survey people with arthritis were 
willing to pay 22% of their household income 
to get rid of arthritis (Thompson). Roberts and 
Frenkel estimated that the acute illness costs of 
fetal exposure to Toxoplasma gondii, a common 
contaminant of pork, were dwarfed by the life- 
time productivity losses, additional training costs, 


Table 1. 


Data Need Possible Solution 


Better recording of 
existing data 


@ Expand CDC’s passive laboratory-based reporting for 9 foodborne 
microbial pathogens to the 30 with tests. (Expanding the use of 
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and increased living costs for persons develop- 
ing mental retardation. 

Given advances in epidemiology and rapid tests 
identifying microbial pathogens, a superior 
tracking system for microbial risks could be es- 
tablished for use by regulators. The Centers for 
Disease Control now collects some of this data 
in a fragmentary fashion in its foodborne dis- 
ease outbreak reports. Expanding the scope of 
CDC’s efforts, linking it to data collected in other 
health surveys, and linking it more closely to 
food vehicles would improve the ability of FDA 
and FSIS to quantify foodborne disease risks and 
fashion regulatory programs to reduce human 
illnesses from foodborne sources (table 1). Par- 
ticular attention should be given to strengthen- 
ing identification of microbial foodborne deaths, 
both because of the importance of achieving a 
consensus on the number of foodborne deaths 


Data Needed for Estimating Microbial Health Risks 


Likely Cost 
Around $500,000/year 


tests by state laboratories would increase costs more.) 


è Expand CDC’s laboratory-based reporting to make surveillance 


Additional $1 million/ 


active in selected counties (sentinel counties). year 


Better demographic 
data on who 
becomes ill 

Increased knowledge 
about risk factors 

who do not become ill. 

Increased knowledge 
of disease severities 

pathogens. 

Increased knowledge 
on deaths from 


foodborne sources baseline on foodborne deaths. 


è Study improving the identification of foodborne deaths in the 


è Study various methods of making reporting active and estimate 
likely costs and benefits of increased identification of cases. 


@ Study individual susceptibility as well as food handling and 
consumption practices for people becoming ill and control groups 


@ Increase the number of pathogens investigated in depth with 
surveys of people becoming ill from specific foodborne 


@ Expand the sentinel county survey to include all counties in the 
United States for a few selected pathogens to develop a solid 


Around $75,000 


Around $500,000/ 
pathogen 


Each survey may cost 
around $100,000- 
$200,000 

Around $1 million/ 
pathogen for 
passive surveillance, 
and much more for 
active surveillance 

Around $300,000 


National Death Index by improving entry of laboratory test data, 
by revising the death certificate to specifically ask for laboratory 


data, etc. 

Increased knowledge © Study improving identification of foodborne pathogens in the Unknown, but likely to 
about National Hospital Discharge Survey (NHDS) by 1) examining a be less than 
hospitalizations sample of the 150,000 hospitalizations under ICD-9 “008- $200,000/study 
caused by unspecified intestinal infections” to see if medical records contain 
foodborne laboratory data, 2) examining septicemia/bacteremia records for 
pathogens I year to determine if foodborne pathogens are involved, 3) 


estimating the cost of revising the face sheet for entry of NHDS 
data to include laboratory data and where sample taken (blood, 
stool, cerebrospinal fluid), and 4) comparing state systems. 


Quantification of 
chronic conditions 
caused by 
foodbome 


pathogens dysfunction, etc. 


è Review the literature and estimate the likelihood that foodborne 
pathogens are important in certain chronic disease syndromes 
such as reactive arthritis, neurological disorders, cardiac 
dysfunction, food allergies, gastritis, kidney and liver 


Literature review 
around $100,000; 
original research 
more costly 
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and because of the high social costs associated 
with deaths. 

Chemical risk assessment data are needed to 
identify and clarify the range and extent of hu- 
man health risks. Assessment of chemical risks 
are influenced by four major factors: chemical 
usage levels, residue concentrations, potency / 
toxicity, and consumption levels. To compen- 
sate for limited data, scientists often make dif- 
ferent assumptions in their analyses. Limited data 
can lead to dramatically different conclusions 
regarding the absolute risk levels and the rela- 
tive ranking of sources of risk. Results from two 
studies are shown in table 2. The National 
Academy of Sciences (NAS) study estimates, 
using EPA risk assessment procedures, are often 
many orders of magnitude higher than the A.r- 
chibald and Winter study. For example, the NAS 
study estimated that chlordimeform used on to- 
matoes increases cancer risk by 479 additional 
cases per million people over their lifetime. In 
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contrast, Archibald and Winter, using FDA res- 
idue data to indicate human exposure, estimate 
no increase in cancer risk from its use on to- 
matoes. The risk assessments in these two stud- 
ies suggest vastly different regulatory concerns 
and strategies. Better and more standardized data 
and procedures are needed to clarify the actual 
risks involved. 

EPA studies have not developed a consensus 
on foodborne disease risks. In 1987, the agency 
estimated the chemical residues on food caused 
no more than 6,000 excess cancer cases an- 
nually, a rank of third out of fifteen risks studied 
(EPA 1987). A more recent outside advisory 
panel study estimated the risks of foodborne 
chemical contamination to rank twenty-fifth out 
of thirty risks evaluated (EPA 1990). 

Data needs for chemical risk assessment in- 
clude more tests to assess the toxicity of chem- 
icals. The NAS study used only twenty-eight of 
fifty-three suspected oncogenic pesticides be- 


Table 2. Estimated Cancer Risk for Selected Foods 





NAS Archibald & Winter 
Commodity /Pesticide (EPA Tolerance) (FDA Residue Data) 
(excess cancers per million lifetimes) 
Tomato 
Acephate 14 0.0017 
Captafol 191 9.0033 
Chlordimeform 479 0 
Chlorothalonil 61 0.23 
Permethrin 31 0.088 
Other 83 0.007 
Total 859 0.33 
Lettuce 
Acephate 16 0.025 
Captan 55 : 0.011 
Folpet 42 0.054 
Permethrin 143 0.8 
Other 5 0 
Total 261 0.89 
Apple 
Captan 28 0.07 
Chlordimeform 1,368 0 
Folpet 42 0 
Other 24 0 
Total 1,462 0.07 


Source: Data are from Archibald and Winter. 

Note: Because of limited availiability of data, NAS assumed a worst case scenario that each pesticide was present on the approved 
commodities at the tolerance level. The NAS assumption implies that each pesticide was applied to every acre of every crop for which 
the chemical was approved and was used in its most intensive manner approved. While this assumption is useful in obtaining an upper 
bound on usage, it is unlikely to represent actual usage because application rates depend on a number of environmental and economic 
factors. In addition, some of the pesticides are substitutes for one another, making it unlikely that they would be used jointly at their 
maximum levels, and some of the older pesticides have been replaced by cheaper and/or more effective pesticides. For example, Carlson 
points out that linuron, an older pesticide, is approved for use on wheat, com, and other crops, but surveys indicate little use except for 
soybeans. The Archibald and Winter study assumed residue leve_s were equal to actual residue levels found in FDA surveys of supermarket 
foods. 
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cause of lack of tests to obtain the potency fac- 
tors (toxicity) for the remaining twenty-five 
compounds. While these twenty-eight com- 
pounds comprise some of the most widely used 
pesticides, toxicity data on the remaining twenty- 
five compounds are necessary to conduct a com- 
plete analysis. 

Improved models of toxicity also are needed 
(Finkel, Ames and Gold). Toxicity is extrapo- 
lated from animal feeding studies in which sen- 
sitive rodent species are fed large doses of the 
chemical. The dose-response relationship is 
usually assumed to be linear throughout the en- 
tire dosage spectrum. In some cases, multistage 
dose response models are used. These models 
extend the simple linear model to include a se- 
ries of two or more linear segments. When ex- 
trapolating from rodents to humans, adjustments 
are made for lifespan, bodyweight, and species 
sensitivity. Data needs include improved dose- 
response models, information on the health ef- 
fects of metabolites of chemicals as well as the 
chemical itself, and an expanded scope of health 
outcomes to include not only tumors but also 
neurological effects, effects on fetuses, effects 
on the functioning of the immune system, and 
other adverse health effects. 

Improved data on levels of microbial or 
chemical hazards in foods and whether these 
levels are a risk to human health are essential 
for designing effective control programs. Iden- 
tifying which foods contain contaminants are 
suggestive, but the link to human illness is cru- 
cial because of variability in the dose needed to 
cause illness and impact of food preparation and 
handling methods which often dramatically re- 
duce contamination levels (or in the case of bac- 
teria, can also increase contamination levels by 
cross-contaminating clean foods or bacterial 
multiplication). 

More data are needed to identify populations 
particularly vulnerable to foodborne illness and 
identify their likely disease severities. Some 
people may be more vulnerable either because 
of diet or individual characteristics. Depending 
on the microbial pathogen, such groups can in- 
clude infants, persons taking antacids or anti- 
biotics, persons who are genetically low acid se- 
cretors, persons with new organ transplants or 
on chemotherapy, diabetics, alcoholics, AIDS 
patients, and the elderly with no underlying dis- 
ease. For chemical contaminants, the young are 
particularly vulnerable because of their long life 
expectancy, higher metabolism, and perhaps 
greater intake per unit of body weight. Identi- 


Food Safety Data Needs 937 


fying groups susceptible to foodborne disease 
requires the linkage of usual food intake pat- 
terns with actual contamination levels.” 

Funding for the collection of new data is es- 
sential for developing a statistical framework for 
estimating which foods are vehicles for various 
chemical or microbial contaminants causing hu- 
man illness. For chemicals, the new USDA data 
initiative is collecting much of this data (see be- 
low). For microbial risks, data needed include: 

(a) Increased funding for CDC investigations 
of foodborne disease outbreaks to include, rou- 
tinely, the replication of likely food-handling 
procedures which could have caused the out- 
break. This exercise would improve the identi- 
fication of the causative organisms (currently 60% 
are never identified) and would yield more spe- 
cific information on what conditions are likely 
and unlikely to lead to foodborne disease out- 
breaks for specific pathogens—information cru- 
cial for setting up HACCP (Hazard Analysis at 
Critical Control Points) systems. 

(b) Funding to assist states, counties, and cit- 
ies in identifying and investigating foodborne 
disease outbreaks and perhaps funding for CDC 
to set up new data collection systems from states. 

(c) Funding of additional case/control studies 
to determine the etiological fraction, e.g., iden- 
tify what foods are associated with which food- 
borne pathogens. While these studies are ex- 
pensive,’ they may be the most cost-effective 
method of building a statistically valid data base 
for newly identified foodborne pathogens and 
developing a consensus among public health 
professionals, industry, and regulators as to the 
relative importance of various foods as vehicles 
for specific microbial foodborne diseases. 

Identification of the entry point where hazards 
enter the food chain is also missing data. Once 
the foods containing contaminants posing hu- 
man health risks have been identified, the point 
of entry into the food chain needs to identified. 
Because microbial and chemical contaminants 
can enter the food chain at any point from the 


? The NAS study of pesticides assumed that food consumption 
was at the 95% confidence limit for food weight for each of 273 
food forms in the 1977-78 USDA Nationwide Food Consumption 
Survey. While this may understate exposure for certain individuals, 
it overstates average exposure and does not account for substitu- 
tions in consumption that are likely to occur. For example, an in- 
dividual consuming large quantities of one item is likely to con- 
sume less of another during a particular day. In other words, the 
distribution of usual intake is likely to show less variation than that 
observed in a one-day intake survey and hence have a lower 95% 
confidence limit. 

4 The Seattle-King County study identifying chicken as the great- 
est source of campylobacteriosis risk cost FDA $800,000. 
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farm to the point of consumption, control op- 
tions exist at all these points. This would in- 
volve sampling at all levels of the production 
and marketing system to develop a statistically 
valid data base for both microbial and chemical 
risks. Sampling should start with the foodborne 
disease hazards causing the highest social costs 
and those that can be easily controlled. 

Production function tradeoffs affecting mi- 
crobial and chemical contamination of foods are 
needed for farm production, processing, and 
food-handling practices. Some of the production 
function data are known, but much remains un- 
known. For chemical hazards, basic data are 
needed on types and amounts of chemicals used 
on specific crops by geographic regions, crop 
yields and quality at alternative chemical usage 
levels, alternative input substitutions, and crop- 
ping patterns. For example, what are the effects 
of integrated pest management on specific crop 
yields and quality in specific geographic re- 
gions, under specific weather conditions, and 
what is the impact on agricultural chemical usage 
levels and residues in foods. 

For microbial hazards, data are needed iden- 
tifying likely microbial contamination levels with 
various farm management procedures, process- 
ing procedures, transportation practices, and food 
handling procedures (Wenger et al.). For in- 
stance, some scientists believe that Salmonella 
and Campylobacter can be controlled or elimi- 
nated in poultry flocks by control of eggs, feed, 
and environmental conditions (such as chlori- 
nating drinking water). Economic data are needed 
for evaluation of these alternatives. 


Economic and Behavioral Science Data 
Needs 


Private and public risk management strategies 
require that the economic and other behavioral 
factors that affect decisions of suppliers, con- 
sumers, and regulators be taken into account 
(table 3). Options for control programs need to 
be evaluated to determine the combination that 
maximizes social welfare. The National Acad- 
emy of Sciences has concluded that the current 
meat and poultry inspection system based on vi- 
sual inspection cannot detect the most important 
microbial risks (1985, 1987, 1990a,b). The 
changing scientific ability to rapidly test for mi- 
crobial pathogens creates an opportunity to re- 
vamp regulatory approaches. For example, FSIS 
is using recent advances in rapid detection 
methods for a Listeria control program. 
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Table 3. Economic Data Needs 


Economic Assessment of Risks 


Identification of hazard 

Toxicity /microbial virulence 

Exposure 

Casts: consumers, industry, public 
Demand Issues 

Demand for and value of information 

Risk perception 

Demand for product attributes (appearance/taste/safety 

tradeoffs) 

Willingness to pay/contingent evaluation 

Consumption and exposure 

Consumer demand and intercommodity relationships 
Private Strategies and Supply Issues 


Alternative production/management strategies 
{HACCP) 

Costs and benefits of risk control/management 
strategies 

Vertical market integration/contract specification for 
inputs 

Industry self-regulation 

Third-party certification/labelling /branding 

Cost of production 

Market Interrelationships and Government Intervention 


Supply /demand 

Farm program and input (agrichemical) usage 

Merketing orders/grades and standards /agrichemical 
usage 

Inspection/labelling /standards for microbial and 
chemical residues 

Environmental effects 

Federal /state/foreign jurisdiction 

Tracking systems for feed, food, and chemicals 


(a) Estimate the benefits and costs of farm 
management strategies to prevent farm-level mi- 
crobial and chemical contaminants. Basic eco- 
nomic data are needed to estimate the possible 
cost increases associated with farm management 
strategies identified in the physical/biological 
data needs section. One such farm-level analysis 
would be estimating costs of eliminating para- 
Sites, such as Taxoplasma gondii and Trichi- 
nella spiralis, on hog farms. New data from the 
National Animal Health Monitoring System may 
be helpful in answering questions about the ef- 
fectiveness and cost of alternative farm man- 
agement strategies for reducing microbial con- 
tamination of food animals. In estimating the 
human illness prevention benefits of farm con- 
trol, it is advisable to estimate both the cost of 
illness avoided as well as the willingness to pay 
for safer meat and poultry products. (The cost- 
of-illness measure is more easily understood by 
the public and members of Congress, while the 
willingness-to-pay measures are more compre- 
hensive but are still in the developmental stage 
of public acceptability.) 
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(b) Predict/understand how farmers choose 
alternative production practices. What price dif- 
ferential between pesticides will trigger a switch 
to another chemical or cause a switch to organic 
production? How do farmers obtain information 
about farm chemical risks, prices, and effects 
on pests? What are the resource requirements 
and substitutions in terms of management skills, 
labor, capital, and variable inputs (and their re- 
lated costs, productivity, and production risks) 
for alternative farm production systems? How 
do farmers evaluate their own risks to pesticide 
application exposure, environmental damage, and 
ground water contamination and how does this 
knowledge affect behavior? 

(c) Identify the benefits and costs of control 
Strategies beyond the farm gate. For parasites, 
thorough cooking or irradiation are the only op- 
tions for reduction of human exposure because 
parasites do not multiply in the meat and are 
hardy survivors during traditional food han- 
dling, processing, and transporting. For most 
bacteria, there are other possibilities, because 
cross-contamination and multiplication are likely 
during food processing, handling, and trans- 
porting. Another class of organisms are bacte- 
ria-producing, heat-stable toxins which cannot 
be eliminated by thorough cooking; here the keys 
are either preventing bacterial contamination or 
preventing toxin production during processing, 
handling, and transporting. 

For chemicals, we need to understand pro- 
cessors’ choices of fumigants, food additives, 
and other chemicals. Data on producer and mar- 
keter strategies to manage food safety need to 
be collected to evaluate the efficiency and via- 
bility of private market alternatives to govern- 
ment regulation. Recent evidence suggests that 
food safety is becoming an important marketing 
strategy for food retailers. Kaufman and New- 
ton note that the use of third-party residue test- 
ing and certification services for fresh fruits and 
vegetables grew from a single supermarket chain 
in 1987 to 14 retailers in 1989 operating more 
than 740 grocery stores. Despite its growing im- 
portance, little data are available on the costs, 
prevalence, and types of products included, spe- 
cific tests or assurance methods, labelling, 
availability of organic produce, and related mar- 
ket assurance activities. To what extent do mar- 
keters enter into forward contracts with farmers 
that include specifications on pesticide usage and 
residues? Would marketing grades specifying 
food safety attributes improve market effi- 
ciency? 

(d) Study consumer behavior to determine ex- 
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posure and consumers’ food safety preferences. 
Consumers, to varying degrees, have some con- 
trol over foodborne disease risk. For example, 
they can wash produce, peel skins, and remove 
outer leaves where pesticide residues and mi- 
crobes tend to concentrate; purchase a variety of 
foods; avoid more risky foods; buy organic pro- 
duce or “certified residue free;” cook meat, 
poultry, and seafood thoroughly; refrigerate 
cooked foods promptly and keep refrigeration 
temperatures around 35 degrees Fahrenheit; and 
practice improved kitchen sanitation. Food safety 
policies can also affect the prices, qualities, and 
availability of foods. Thus, there is a need for 
this basic demand data to evaluate market im- 
pacts and consumer welfare. 

Data are needed to conduct research on un- 
derlying consumer behavior issues, such as con- 
sumer demand for alternative product attributes, 
e.g., flavor, appearance, pesticide residues, and 
product price, willingness to pay for safer foods, 
demand for organic and pesticide-free produce. 
Very little data are currently available to re- 
search these issues. This would necessitate the 
collection of data at the household or individual 
level. Questions on consume risk perception, 
awareness, and attitudes also need to be in- 
cluded in survey instruments. If a link between 
cosmetic appearance and pesticide residues is 
shown to exist, how willing are consumers to 
make tradeoffs between cosmetic appearance and 
pesticide residues? These research issues will 
require new surveys of consumers with new sur- 
vey instruments. Conjoint analysis and contin- 
gent market evaluation techniques will be nec- 
essary to elicit some of the underlying aspects 
of behavior. 

The Alar controversy indicated increased public 
concern about particularly vulnerable groups. It 
also suggested that designing different regula- 
tory programs for different segments of the pop- 
ulation may optimize social welfare. Special 
regulatory interventions may be desired for some 
of these groups, such as special labels on meat 
and poultry identifying product risks, special la- 
bels with handling and cooking instructions, 
certification programs for products with reduced 
pathogen levels. (FDA has been targeting AIDS 
patients with special food handling advice [ref]). 
Focus group work would be necessary to eval- 
uate how these programs might be valued and 
received by consumers. 

(e) Once technically feasible strategies have 
been identified, economical and socially opti- 
mal regulatory programs and enforcement strat- 
egies need to be identified and evaluated. Ac- 


940 August 1991 


tions such as slaughterhouse tests, farm level 
inspections, fines for contaminated carcasses, or 
required cooking for carcasses from farms with 
contaminated animals are some ofthe regulatory 
options available for controlling contamination 
of raw meat and poultry. How each strategy can 
be expected to alter farm management practices 
should be modeled and the benefits and costs of 
each alternative compared. Strategies at later 
points in processing, handling, and transporting 
also need to be evaluated. One such study could 
compare the legal tools, enforcement, and ef- 
fectiveness of federal programs and policies. 

Regulators need better data to trace agricul- 
tural products through the marketing system. This 
information would allow for improved crisis 
management of foodborne hazards, improved 
enforcement activities, and provide a mecha- 
nism for shifting product liability back to the 
responsible party. 


The USDA Food Safety Data Initiative 


The USDA food safety data initiative is a closely 
coordinated effort of four agencies to gather data 
on agricultural chemicals in the food system (ta- 
ble 4). For the USDA effort, the National Ag- 
ricultural Statistics Service (NASS) is collecting 
data on pesticide use at the farm level, the Ag- 
ricultural Marketing Service (AMS) is collect- 
ing pesticide residue data on fresh fruits and 
vegetables, the Human Nutrition Information 
Service (HNIS) is developing exposure models 
based on its surveys of food intake of individ- 
uals, and the Economic Research Service (ERS) 
is analyzing the economic implication of alter- 
native means of reducing residue levels. The 
USDA initiative is being coordinated with FDA 
and EPA, the two other federal agencies with 
responsibility for regulating pesticides in the food 
supply. 

The National Agricultural Statistics Service 


Table 4. USDA’s Food Safety Initiative 


1. Identifies the set of residues to be monitored and their 
toxicity. 
2. Identifies entry point into the food system and surveil- 
lance point. 
2. Develops sampling requirements, procedures, alterna- 
tives, analytical methods of detection, and cost. 
. Measures exposure. 
. Coordinates data-gathering efforts. 
. Collects related economic data affecting the decision- 
making behavior of market participants: producers, con- 
sumers, and regulators (see table 3). 
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will be -esponsible for collecting pesticide usage 
levels and practices. The data will allow for the 
identification of usage levels for specific chem- 
icals by crop and geographic region. Economic 
data on farm resources, production practices, and 
input prices also will be collected. During the 
first yeer of the initiative, data collection efforts 
will focus on chemical usage on domestically 
produced fresh marketed vegetables in the five 
major vegetable-producing states. Efforts dur- 
ing the second year will focus on fresh fruits and 
nuts. 

The Agricultural Marketing Service, working 
with individual states, will be responsible for 
collecting statistically based data for pesticide 
residue; in selected fresh fruits and vegetables 
grown in the United States. The data will be used 
to improve the quality and quantity of infor- 
mation on actual pesticide residues for regula- 
tory purposes as well as to inform and assure 
the pub ic on actual pesticide residue levels. AMS 
is worxing closely with EPA in prioritizing 
chemicals for residue testing and deciding upon 
appropriate laboratory procedures. AMS will 
provide funds and other resources to participat- 
ing stat2s to adapt their programs to a standard- 
ized system for sample collection, analysis, and 
reportaze. 

The Human Nutrition Information Service will 
develop a residue exposure assessment system. 
HNIS survey data on individual intake will be 
linked -o residue data obtained from AMS data 
collection efforts. By linking HNIS survey data 
on indrvidual intake to residue data from AMS 
data ccllection efforts, the system will provide 
data or the potential exposure of individuals to 
pesticide residues found on agricultural prod- 
ucts. Im addition, data on the amounts of more 
than 5 000 different food items will be trans- 
lated back to the agricultural products of which 
they arz comprised via recipes for linkage to the 
farm p2sticide usage data. 


Discussion 


The efficient control and management of food 
safety risks requires the synthesis of data and 
information from a number of physical, biolog- 
ical, and behavioral sciences. The process of in- 
format.on synthesis is technologically complex 
and fraught with uncertainty. The uncertainty 
arises trom three major sources: limited science, 
limited technology, and limited data. One should 
not expect new data to completely eliminate un- 
certainty from the food safety risk assessment 
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and management problem because of diminish- 
ing returns and increasing marginal costs. There 
is a tradeoff in resource allocation, and one must 
choose wisely among those activities designed 
to reduce uncertainty and improve decision 
making such as the collection of new data. A 
number of important factors are identified in this 
paper that provide insight into the factors that 
influence food safety decisions and the degree 
of uncertainty regarding their impact. This in- 
formation, together with costs of obtaining data 
to improve our knowledge, will guide us in the 
selection of new food safety data collection ef- 
forts. 

A science-based approach to food safety is- 
sues is data intensive. Data are needed for risk 
assessment, identification of points of entry into 
the food chain, tracking substances as they move 
through the food system, analyzing the behavior 
and perceptions of market participants, com- 
municating disparities between real and per- 
ceived risks, and measuring the costs and ben- 
efits of alternative control options. For example, 
the National Academy of Sciences in 1969 iden- 
tified steps that could be taken to prevent Sal- 
monella contamination of raw meat and poultry. 
These procedures have not been implemented, 
and human illness of salmonellosis have in- 
creased in the United States. Economic studies 
of the costs and benefits of alternative farm 
management practices are needed before indus- 
try and regulators will be willing to make de- 
cisions about adopting new practices. 

In addition, the changing nature of scientific 
knowledge in the food safety area means that 
new possibilities for assessing and controlling 
food safety risks are emerging. Federal funding 
of basic research to speed up the emergence of 
scientific knowledge is a standard economic 
textbooks’ example of a public good. With a 
public good, the private sector cannot capture 
the full return to society of the new scientific 
knowledge; once the invention has occurred, 
anyone can use the knowledge regardless of 
whether or not they pay for it. 

Current estimates of foodborne disease risk 
suggest that microbial and other natural toxic 
components are the greatest sources of risk. 
Current progress on identifying microbial risks 
and sources in food is pointing the way to con- 
trol options. However, additional data are needed 
to conduct benefit/cost analyses of alternative 
control options and will require interdisciplinary 
cooperation to combine the underlying physical 
and technical relationships together with the 
economic and behavioral aspects of market par- 


Food Safety Data Needs 94i 
ticipants. In conclusion, optimal public and pri- 
vate strategies to assess and manage food safety 
issues require that additional data be collected, 
analyzed, and integrated into public and private 
decision making. The greatest social welfare gains 
are likely to be garnered by collecting data on 
microbial hazards and contro] options—-the 
source of the greatest human health risk and a 
compliment to USDA’s data initiative on chem- 
icals. 
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Data Needs to Assess Environmental | 
Quality Issues Related to 
Agricultural and Rural Areas: 


Discussion 


David E. Ervin 


Environmental quality issues are now prominent 
in virtually all comprehensive agricultural and 
rural policy discussions. The demand for data to 
analyze these issues, therefore, is strong, re- 
flecting public concern about agriculture’s di- 
verse impacts on the environment. Moreover, 
the current era’s environmental issues require new 
temporal and spatial data because of the prom- 
inent roles of uncertainty (e.g., groundwater 
quality, food safety) and broader geographic 
coverage (e.g., global change). It is within this 
context of volatile policy discussions and un- 
certain science that critical data choices must be 
made. 

Fletcher and Phipps (FP) provide a compre- 
hensive survey of the wide variety of data man- 
agement issues related to agriculture-environ- 
mental topics. They do a good job at covering 
a broad array of questions that are crucial to the 
construction of a high quality database to sup- 
port sound science and policy development. In 
this brief discussion, I will emphasize five points 
that are consistent with the FP paper and that 
are especially relevant to aggregate policy anal- 
ysis. 


Monitoring and research questions should 
drive data collection. The authors make this 
point, but it merits further emphasis. I am using 
monitoring in the broadest sense here to include 
the potential pollutant loadings, environmental 
performance variables, and demand character- 
istics for environmental services. While there will 
always be discussion as to which are the rele- 
vant questions in science and policy circles, the 
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“right” data cannot be collected without first 

asking the “right” questions. To that end, I would 

have preferred that FP attempt to specify some 

of what they feel are the dominant questions re- 

garding agriculture and environmental quality. 

An example from the Just and Antle analysis is, 

to what extent a farmer input behavior is causally 

related to by natural resource—environmental. 
characteristics. 


Different levels of resolution are needed for 
general monitoring and for analytical research. 
Monitoring information can be very useful in 
defining relevant research questions, and re- 
search findings may identify missing envi- 
ronmental monitoring indicators. While these 
interrelationships exist, an agriculture—envir- 
onmental quality database strategy should rec- 
ognize that the two activities often require dif- 
ferent types of data. For example, national and 
state agricultural chemical use data can be help- 
ful for targeting research efforts to those geo- 
graphic areas and/or production systems more 
likely to experience environmental problems. 


Existing data and science are inadequate to 
provide the theoretical framework and sampling 
procedures to understand aggregate agricul- 
ture—environment interactions. Thus, aggregate 
data management involves many choices under 
very uncertain conditions. A good example of 
this point is an exercise recently attempted un- 
der the president’s Water Quality Initiative in 
agriculture. The objective was to devise a ma- 
trix of major agricultural activities and ground- 
water vulnerability conditions to sample geo- 
graphic areas. Not only were data unavailable 
to assign cell probabilities, but the cooperating 
physical scientists indicated that an acceptable 
vulnerability measure is not at hand. However, 
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by asking a policy-relevant question, future data 
collection can be designed to reduce that un- 
certainty and improve scientific understanding. 
How do we answer aggregate water quality eco- 
nomics questions in the meantime? Perhaps the 
best approach is to use smaller area study 
knowledge to parameterize input-input, input- 
output, and output-output relationships in ag- 
gregate regional/national simulation models and 
then use the price-quantity endogenous aggre- 
gate results to analyze economic and environ- 
mental adjustments in what are considered the 
“major” agriculture—water quality cases. 


Emphasize the understanding of economic be- 
havior related to natural resource /environmen- 
tai conditions. Just and Antle have presented a 
very appealing conceptual framework with which 
to analyze agriculture-environmental quality in- 
teractions. Their emphasis is on the joint spatial 
and temporal distributions of physical and eco- 
nomic data for analyzing the effects of alter- 
native policies. Underlying their discussion is 
the fundamental point that we must understand 
economic behavioral processes in relation to the 
- environment to predict the consequences of those 
policies. With the appearance of a plethora of 
. intriguing environmental process simulation 

` models, there is a distinct risk of economists not 
allocating enough effort to the economic behav- 
ioral questions. Clearly, our comparative ad- 
vantage is applied economic, but incorporating 
environmental process detail is needed to un- 
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derstand behavior. The data design implications 
are straizhtforward. 


Geographic information systems technology 
holds considerable promise for overview moni- 
toring, But its analytical research potential is 
unclear. As FP indicate, GIS is a powerful 
emerging technology. Its strength lies in orga- 
nizing diferent and sometimes disparate data sets 
to portrey spatial economic and environmental 
relationships. The best level of resolution for GIS 
use is still unclear, i.e., small area studies or 
aggregate overviews. The answer is probably not 
uniform but depends upon the economic and en- 
vironmeatal processes under analysis. If close 
detail is necessary to understand variation in 
significant economic and environmental pat- 
terns (e.2., input use and ag chemical leaching), 
then smell area GIS applications are warranted. 
In contrest, if those relationships are fairly con- 
stant over large spatial units, then aggregate 
summarization is possible. What is not at all clear 
is whether GIS technology can be effectively used 
in behavioral analytic exercises. To date, such 
analyses are not forthcoming. Perhaps we are 
just in the early stages of technology adoption. 
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Data Needs to Address Economic 
Issues in Food Safety: Discussion 


Julie A. Caswell 


What are the economically significant food safety 
risks facing the U.S. population? What are the 
most cost-effective means of controlling (man- 
aging) these risks? These are straightforward 
questions; yet, as the paper by Roberts and 
Smallwood indicates, the answers require a 
complex array of information only parts of which 
are currently available. Discussion of data needs 
necessarily generates a list. But what makes for 
a good list, as opposed to a laundry list? 

Roberts and Smallwood organize their list by 
dividing food safety data needs into two broad 
categories: physical/biological and economic/ 
behavioral. They also consistently distinguish 
between food-related risk from microbial and 
chemical sources. The latter includes possible 
risks associated with pesticides, animal drugs, 
environmental contaminants, and additives. In 
the physical/biological area, their list of data 
needs includes risk assessment information for 
risks from both microbial and chemical sources 
in food products, information on levels of con- 
taminants, risks to human health, entry points, 
and production function tradeoffs. These cor- 
respond roughly to the first three steps of the 
National Academy of Sciences’ (NAS) four-step 
risk assessment procedure: hazard identifica- 
tion, dose-response assessment, and exposure 
assessment. The economic/behavioral category 
of data needs corresponds to the fourth step in 
the NAS’s process: risk characterization. It is 
helpful, I think, to locate individual data needs 
in the context of this existing NAS framework 
and to piggyback off prior efforts. The Roberts 
and Smallwood paper provides a very service- 
able list of data needs from which to carry for- 
ward this process. 

Economists are ultimately end users of the ar- 
ray of physical/biological data needed for anal- 
ysis of food safety issues. Their major task in 
this area is to work with researchers from other 
disciplines to insure that data collection systems 
are designed to generate information in formats 
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amenable to economic analysis. Because these 
data sets are destined to be put to multiple an- 
alytical purposes, quality of design is critical. 
An example of this involvement in survey de- 
sign is contained in recent work by Carriquiry, 
Jensen, and Nusser. They suggest design fea- 
tures for the USDA Nationwide Food Con- 
sumption Survey to insure that statistically sound 
measures of distributions of usual daily expo- 
sures for individuals can be generated. This type 
of work is very important to the availability of 
useful data sets for the 1990s and beyond. 

In the economic/behavioral category of data 
needs, economists should, of course, be provid- 
ing leadership in data collection efforts. The ta- 
ble of categorical data needs in this area devel- 
oped by Roberts and Smallwood is particularly . 
helpful in emphasizing the set of private (con- 
sumer, firm) strategies and public (government) 
policies that affect the benefits and costs, and 
the distribution of benefits and costs, associated 
with management of food safety risks. Of great 
interest here are recent shifts in firms’ incen- 
tives to produce, label, and advertise “safe” 
products as a result of increased consumer de- 
mand for safety attributes in food products (see 
e.g., Ippolito and Mathios). This new market- 
based incentive structure will interact with the 
federal government’s regulatory system in ways 
that promise to be difficult to evaluate from.a 
social benefit/cost perspective. 

In the end, economists play an integrative role 
bringing together the physical/biological and 
economic/behavioral data to answer the ques- 
tions I began with: What are the economically ` 
significant food safety risks and what are the most 
cost-effective means of managing them? An ex- 
cellent road map to this type of effort can be 
found in recent work by Curtin and Krystynak 
on salmonella control in Canada. This work in- 
tegrates data on the incidence of salmonella 
contamination at different stages in the process- 
ing and distribution of poultry products with es- ` 
timates of the benefits and costs of control strat- 
egies at those stages. 

An important issue not addressed by the Rob- 
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erts and Smallwood paper is the relationship be- 
tween the data needed for the management of 
microbial and chemical food safety risks and that 
needed for management of nutrition- and diet- 
related food risks (e.g., heart disease, colon 
cancer). Yet, within the hierarchy of the federal 
gevernment’s regulatory agenda, all food-re- 
lated risks will, at least implicitly, be consid- 
ered as a group and resources will be allocated 
within this grouping. Fortunately, many data 
bases, such as the USDA Nationwide Food 
Consumption Survey, provide information use- 
ful for calculating exposure to multiple risks. 
Elsewhere, however, data needs are not over- 
lapping, and choices about where to commit re- 
sources must be made. l 
What are the priorities among the food-safety- 
related data needs on Roberts and Smallwood’ s 
list? How do politics and public perceptions af- 
fect the extent to which these data needs are being 
addressed? As economists have come to know, 
and in part respect, there are differences in the 
food safety priorities of consumers, consumer 
advocates, processors, retailers, government 
regulators, and “scientists.” If, as Roberts and 
Smaliwood argue, and I agree, social welfare 
gains will be realized by developing improved 
food safety information, then the priority-setting 
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process will be key to the timing and size of 
these gans. Now that we have the makings of 
a good Est of data needs, our attention should 
shift to mapping where to start, making maxi- 
mum use of available data and developing new 
data sousces such as the USDA Food Safety Data 
Initiative. It is also important, while drawing this 
map of the food safety neighborhood, to re- 
member that there is a bigger world of consumer 
risks out there and that the larger scale tradeoffs 
between management of different classes of risk 
is the uLimate economic issue. 
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International Capital Markets and Development Funds for Agriculture 
(G. Edward Schuh, University of Minnesota, presiding) 


The Role of Aid and Capital Flows. 
in Economic Development 


Uma Lele and Ijaz Nabi 


Prior to the debt crisis which commenced in 1982 
when Mexico defaulted on its debt repayments, 
annual capital flows to developing countries 
amounted to $100 billion and official conces- 
sional aid flows consisted of an additional $50 
billion. After the debt crisis, commercial flows 
dried up almost completely with net transfers of 
capital from borrowing countries to their lend- 
ers. The concessional flows which had grown 
dramatically in the 1970s also stagnated in real 
terms. Over the four post-World War H de- 
cades, billions of dollars have been transferred 
from developed to developing countries. During 
this period there have been major structural 
changes in the patterns of external assistance in- 
cluding the graduation of a number of recipi- 
ents, such as Greece, Taiwan, and South Korea, 
the decline of the U.S. role as a donor, the rise 
of Europe and Japan in external assistance, and 
a shift of aid resources from Asia to Africa. 
Whether these transfers have succeeded in stim- 
ulating growth, reducing poverty, and creating 
human and institutional capacity to carry out the 
development effort is a matter of considerable 
controversy. Econometric studies that have at- 
tempted to establish the effect of capital flows 
on savings, investment, or growth have turned 
out to show little relationship. 

The authors of this paper assembled a group 
of scholars from developed and developing 
countries with hands-on experience in devel- 
opment policy to explore the role of external 
capital in economic development around a well- 
defined comparative framework. Eleven coun- 
try case studies on Asian, Latin American, and 
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African countries’ were undertaken by these 
scholars together with four cross-country, issues- 
oriented studies on bilateral and multilateral aid, 
food aid, on the process of transition from 
concessional to commercial capital flows, and 
on some of the latest instruments of capital 
transfers. Even while being a small fraction, ex- 
ternal finance can make an important contribu- 
tion to the development process by transferring 
technology and information, creating institu- 
tions, developing human capital, and increasing 
the supply of critical public goods the shortage 
of which hamstrings development at early stages. 
The study addressed the extent to which, and 
the conditions under which, these potentially 
positive effects of aid were realized and the fac- 
tors explaining them. 

The overall results of the study are presented 
first in the form of general lessons for recipi- 
ents, official donors, and lenders. These are fol- 
lowed by country-specified highlights from which 
the general conclusions are derived. 

A large amount of external capital has not been 
the most important factor in economic devel- 
opment. Country policies made the most differ- 
ence. In countries with sound economic poli- 
cies, a limited amount of well-conceived external 
assistance helped improve the capacity of the re- 
cipient countries to plan and implement overall 
policies and programs as well as to develop the 
critical physical and social infrastructure needed 
to accelerate growth. Even large amounts of ex- 
ternal capital could not effectively substitute for 
unsound internal economic management (1.e., a 
public investment program not geared to the 
broad-based provision of physical and human 
capital, large fiscal deficits, high inflation rates, 
and low internal mobilization of capital). 
Outward-oriented development policies involv- 
ing relatively few distortions and restrictions in 
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the economy were more conducive to rapid 
growth compared to inward-oriented policies. 
When accompanied by a broad-based public in- 
vestment program in support of education, health, 
and other social sectors, outward-oriented pol- 
icies also achieved more equity than inward- 
oriented policies as they achieve rapid growth 
in employment. Because removal of distortions 
through policy reforms is a painful process chal- 
lenging many vested interests, external capital 
was able to provide an important cushion to soften 
the adjustment process until the economies could 
respond to the reforms. The lack of access to 
external finance on a long-term assured basis 
often terminated the reform process which was 
underway. 

Countries that succeeded in achieving a broad- 
based development of their agricultural sectors 
achieved more efficient growth than those that 
neglected their agriculture. Given that agricul- 
ture contained the bulk of the population, broad- 
based agricultural growth played an important 
role in generating employment and reducing the 
proportion of the population living in poverty. 
In several cases, especially in Asia, external fi- 
nancial and technical assistance played an im- 
portant role in fueling agricultural growth through 
investment in human capital, institutions, and 
technological change. Food aid, too, played an 
important role in Asia in ensuring an adequate 
- amount of food to the poor and vulnerable groups 
when countries could ill afford to import food. 
Moreover, food aid provided the crucial foreign 
exchange needed by countries at early stages of 
development and frequently facing a balance-of- 
payments crunch because laying foundations of 
broad-based agricultural development involved 
substantial gestation lags before acceleration in 
the growth of agriculture could occur. Food aid 
did not play such a positive long-run role in gen- 
erating agricultural growth in Africa, where in- 
ternal price and other policy distortions turned 
out to be insurmountable, although it increased 
the food supply in the short run. 

Another key to broad-based growth was the 
investment in human capital. Access to univer- 
sal primary and secondary education, health care, 
and water were essential to promote broad-based 
participation of the poor in the growth process. 
While external aid can play an important role in 
such investments which tend to face long ges- 
tation lags in producing returns, aid did not al- 
ways play this role. Not only the. governments, 
but even the givers of large aid, neglected the 
importance of human capital. 
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Whereas the content of domestic policies ex- 
plain par- of the puzzle of who succeeded in de- 
velopment, the type of aid given also made a 
big difference to its productivity. Far too much 
of the aid was given for strategic, commercial, 
or short-cerm political reasons and too Little for 
long-term economic development. Aid given for 
political reasons also tended to be highly unsta- 
ble. Large fluctuations in the amounts of exter- 
nal capital made it impossible for the recipients 
to plan uses of aid for long-term investments, 
e.g., in social expenditures with long gestation 
lags. Contrary to the permanent income hypoth- 
esis, wh:ch expects actors to save much of the 
windfall in income, recipients used the “aid 
boom” ia much the same way as they did com- 
modity booms. They squandered it on unpro- 
ductive expenditures including growth of gov- 
ernments. The results of the study suggest clearly 
that, if d2velopment is the objective, aid should 
be given to countries with conducive economic 
policies, although humanitarian aid may be given 
to the least developed countries with large con- 
centrations of the poor. Donors also need to avoid 
fads which make them shift aid allocations from 
one type of project to another and between proj- 
ect and program aid, although the underlying 
reascns are well founded for the apparent fad- 
ishness m aid, e.g., the concern about poverty 
in the 1970s, macropolicy reform in the first half 
of the 180s, and the environment in the second 
half of tae 1980s. The challenge for aid donors 
has beer to address these multidimensional as- 
pects of development successfully. 

Aid tying by bilateral donors has been another 
problem. It has led to transfer of inappropriate 
technolegy and economically unjustified proj- 
ects, leading to suboptimal use of both aid and 
national funds. 

As countries become more economically ad- 
vanced, they tend to rely less on official aid and 
increasiagly on private sources of capital. Com- 
mercial >orrowing offers many advantages, but 
only wen it is demanded in moderate quan- 
tities; it Joes not replace internally mobilized re- 
sources, and it can be adequately serviced, for 
example when external terms of trade are fa- 
vorable. However, the transition from conces- 
sional tọ commercial capital flows is neither 
smooth nor unidirectional. 

Massive amounts of private capital were loaned 
to developing countries by banks in the 1970s 
without regard to, or knowledge about, the con- 
ditions m which the capital was being deployed 
or the conditions under which it could be repaid. 
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Private capital was often used no more produc- 
tively than public capital, especially politically 
and commercially driven bilateral aid. It re- 
sulted in prestigious megaprojects yielding low 
returns and: an overstretched public sector. Fluc- 
tuations in external terms of trade compounded 
the debt-servicing problem of developing coun- 
tries saddled with poor investment portfolios. 
Unless commercial banks invest in developing 
a better understanding of borrower circum- 
stances and recognize the implications of vola- 
tility in external terms of trade for debt repay- 
ment, private capital will continue to be poorly 
allocated. Consequently it will be both unpre- 
dictable and unproductive. 

In situations of unfavorable policy regimes 
characterized by serious distortions, external aid 
and private capital actually proved harmful to 
countries. By providing massive amounts of 
capital, donors and lenders contributed to the 
Dutch Disease by expanding the nontraded pub- 
lic goods sector, exacerbating distortions, and 
strengthening vested interests. It is clear that 
commercial banks must share in the burden of 
this past massive misallocation of capital by 
sharing in the debt burden of developing coun- 
tries. Without a major reduction in the debt, it 
is unlikely that investment in the highly in- 
debted developing countries will resume. On the 
contrary, those countries who had already made 
a transition from concessional to commercial 
capital have had to resort to official assistance 
to maintain some flow of capital and to reduce 
the net outward transfers made necessary by 
heavy debt servicing. 

Country performance varied greatly among 
those selected for analysis. India, one of the 
poorest countries, received the most conces- 
sional assistance in total, although it was mi- 
nuscule in per capita terms because of its large 
population. India is a relatively successful case 
of aid’s role in development, especially in the 
development of its agriculture which led to ac- 
celeration in food production and some major 
reduction in proverty. India needs more conces- 
sional aid for investment in the social and phys- 
ical infrastructure to alleviate its massive pov- 
erty. Growth performance of Pakistan, also one 
of the poorest countries at independence was 
better than India’s, although its social indica- 
tors——especially with regard to women—re- 
mained some of the lowest. Pakistan experi- 
enced major fluctuations in aid because of its 
strategic geopolitical situation. Wars in Vietnam 
and Afghanistan determined aid levels. Trade 
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liberalization in Pakistan was associated with 
periods of large aid flows and arrested when aid 
dried up. Egypt, too, received massive aid flows 
for geopolitical reasons with sources of aid 
shifting constantly between the Eastern and the 
Western blocs. Aid contributed to the Dutch 
Disease. Egypt’s economic performance was not 
commensurate with the levels of aid given to it. 
Sri Lanka, too, received massive aid and, as in 
the case of Egypt, sources of aid changed. East- 
ern bloc countries dominated in aid flows when 
socialists were in power, and the West domi- 
nated when the more market-oriented political 
party was in power. Aid had little direct influ- 
ence on Sri Lanka’s economic policies however, 
although socialist governments fared poorly rel- 
ative to the market-oriented ones, not only in 
achieving growth but also in fostering equity. 

Thailand is one of the most successful cases 
of rapid growth and broad-based development. 
The government of Thailand focused on a bal- 
anced program of public investment designed to 
increase the supply of public goods and pursued 
macroeconomic management that offered an en- 
abling environment for the private sector with a 
relatively minor role of the government in di- 
rectly productive activities. Thailand’s biggest 
challenge is to increase internal resource mo- 
bilization and maintain its debt servicing under 
control. 

Among the three Latin countries, only Co- 
lombia pursued stable and conservative macro- 
economic policies, and it was a steady per- 
former. Nevertheless Colombia has encountered 
difficulties in access to external -capital due to 
the “Latin Syndrome” of private banks. Mexico 
had a relatively well-managed economy until the 
1970s, but the country went on a binge in bor- 
rowing at the tail end of the decade and got into 
macroeconomic difficulties. Mexico has under- 
taken one of the most ambitious programs of 
structural adjustment since 1988 and has re- 
sumed some access to external capital. Whether 
this is enough to achieve sustained and broad- 
based growth remains to be seen. Brazil’s mir- 
acle was based on an import substitution policy. 
External capital Brazil borrowed in the 1970s 
was largely misallocated, and internal reforms 
have been slower in coming. 

Only Kenya performed well among the three 
African countries selected for analysis. Tanza- 
nia and Senegal were large recipients of aid. Their 
acute import .substitution policies were rein- 
forced by external aid, which caused rapid growth 
of government and reinforced the decline in per 
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capita incomes caused in part by adverse exter- 
nal terms of trade, and by poor internal eco- 
nomic policies. - 

The examples of these countries show that ex- 
ternal capital is not always a blessing, and too 
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much of it can be a particularly bad thing. On 
the other hand, there are several examples in 
which a small amount of external capital has 
played n important catalytic role in accelerat- 
ing ecoromic growth and alleviating poverty. 


- Investments to Transfer Poultry 
Production to Developing Countries 


Gary Vocke 


-World chicken meat production is steadily in- 
creasing (fig. 1). Much of this meat is produced 
in controlled environment, confinement systems 
that break agriculture’s traditional ties to land 
and climate. This break makes confinement 
poultry production transferable to almost any- 
where in the world, including developing coun- 
tries. Thus, in developing countries the tech- 
nology employed in confinement poultry is often 
more advanced than in other sectors of agricul- 
ture. 

After an introductory overview, investment 
options for modern broiler production and pro- 
cessing in developing countries are outlined. A 
brief history of the spread of broiler production 
shows the transferability of the underlying tech- 
nology. The paper concludes with data about the 
increasing dependency of many developing 
countries on imported feedstuffs to supply their 
expanding livestock industries. 


Technology and Income Transform 
Agriculture 


The transition of developing countries from food 
grain-based agriculture to include feed produc- 
tion and confinement raising of poultry and other 
livestock is a major long-term trend with rising 
incomes and urbanization. As incomes rise, 
people change their diet, usually including more 
livestock products. Not only does home con- 
sumption rise, with urbanization more products 
are marketed through fast-food shops, for which 
poultry products are well suited. Further, people 
are usually willing to pay more for fresh meat 
than frozen, imported meat. Thus, when per- 
sonal incomes rise and the number of urban con- 
sumers is large enough to create a viable mar- 
ket, the technology for confinement poultry 
production readily transfers from developed 
countries for local production of chickens. 
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Spread of Modern Poultry Production 
Requires Investment 


Krostitz estimated in 1988 that in the higher- 
income countries of Latin America, North Af- 
rica, and the Far East, the proportion of chicken 
production in modern systems is between 70% 
and 90% of total output. In Middle Eastern OPEC 
countries, it is above 90%. Even in many of the 
lower-income countries in Asia and Africa, the 
proportion of the total output coming from mod- 
ern operations is between one- and two-thirds. 
Krostitz also estimated that the investments for 
developing country poultry operations are about 
U.S. $30 billion at today’s prices. 

The firm-level investments discussed here for 
a modern broiler operation in developing coun- 
tries rely on a World Bank study of integrated 
broiler production. The minimum size consid- 
ered by the World Bank produces 2.5 million 
broilers annually. Although 2.5 million is large, - 
a Michigan State University study prepared at 
the same time assumed the minimum U.S. size 
to be 15 million broilers annually (Lasley). 

Buildings for the various operations can be 
constructed using local materials and labor, so 
investment costs will vary by country. Most of 
the equipment, however, will likely be imported 
from international suppliers (see table 1). 

In addition to the investments shown in table 
1, large storage facilities will be needed where 
timely grain deliveries are uncertain. Further, if 
grains are purchased locally, drying equipment 
will be needed. If temperatures go over 95—100 
degrees Fahrenheit frequently, the breeder and 
growout houses will need equipment to cool the 
air. 

Another investment decision is the extent to 
automate. On average, one person using hand 
feeders and waterers can raise 7,000 broilers at 
a time. Automated feeding and watering in- 
creases the number of broilers per worker to 
20,000, but raises equipment investment 280%. - 
For comparison, fully automated U.S. facilities 
allow one. person to raise 80,000 broilers at a 
time with only a half day of work. Automated 
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Figure 1. With present trends, poultry and swine will be increasing their share of world 


meat output and feed use (FAO, Vocke) 


watering and feeding in breeder houses raises 
. equipment investment 330%, but increases the 
number of layers per worker from 2,000 to only 
2,500. There is less labor savings with breeder 
hens because most of the labor is for collecting 
the hatching eggs. 

Facilities for feed milling, incubation of 
-hatching eggs, and broiler processing require 
relatively large equipment investments and pro- 
vide economies of size. For example, doubling 
output from 2.5 million broilers to 5.0 million 


Table 1. Investment Breakdown for an In- 
tegrated System Producing 2.5 Million Broil- 
ers Annually 


Total Investment Investment for 


Facility by Facility the Equipment 
(U.S. $) 

Feed mill 300,000 150,000 

Breeders 650,000 65,000 

Hatchery 590,000 295,000 - 

Growout 2,900,000 290,000 

Processing 1,060,000 265,000 
5,500,000 1,065,000 


Noze: Adapted from the World Bank. 


reduces equipment investment in these facilities 
by 25% per broiler marketed. 


Techno ogy Transfer Limits U.S. Exports 


The technology for broiler production easily 
transfers, as has been shown again and again 
since U S. scientific advances beginning in the 
1940s alowed confinement production of poul- 
try. These scientific advances gave U.S. farm- 
ers an ezrly export advantage. Before U.S. agri- 
business began exporting this broiler production 
technolcgy in the 1960s to Western Europe and 
Japan, U.S. exports were more than 30% of 
world ckicken meat trade. Though U.S. chicken 
meat exDorts are larger now than in the 1960s, 
the U.S share has been cut nearly in half, to 
17% (FaQ). 

Tke U.S. chicken meat exports to Europe be- 
gan to cecline with the technology transfer in 
the earl, 1960s as Dutch exports replaced U.S. 
exports to West Germany. Broiler production 
continued to increase in the European Com- 
munity (EC), outpacing consumption. Now, led 
by France, the EC is a leading exporter of chicken 
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meat. France used government subsidies to es- 
tablish broiler operations in Brittany because of 
that region’s high unemployment (U.S. Depart- 
ment of Agriculture, FAS). 

Japan’s chicken production began rising with 
the transfer of broiler technology in the late 
1950s. Consumption, however, outpaced local 
production because limited agricultural land and 
high population density restricts broiler produc- 
tion and processing. Thus, Japan remains a 
chicken meat importer from the United States 
and Thailand, and recently from Brazil. 

Thailand began modernizing its broiler indus- 
try in the early 1970s. Although Thailand’s pro- 
duction costs once were an estimated 30% higher 
than in the United States, imported technology 
and reorganizing producers from independent 
growers into integrated companies similar to those 
in the United States narrowed the U.S. advan- 
tage (U.S. Department of Agriculture). Using 
its low-cost labor to compete with U.S. export- 
ers, most of Thailand’s exports are deboned 
broilers to Japan. 

Brazil also began exporting chicken meat in 
competition with the United States in the early 
1970s, principally to the Middle East. Poultry 
production technology and organization in Bra- 
zil is similar to that of the United States. How- 
ever, until 1988, Brazilian exporters benefitted 
from low-interest government loans and export 
subsidies (Ahmed). Although Brazil is now self- 
sufficient in poultry feed, many developing 
countries with rapidly increasing livestock pro- 
duction have had to import feedstuffs. 


Chicken Production Often Leads to 
Imported Feed 


Except in a few densely populated areas where 
shortage of land and pollution problems limit 
poultry production, the question of whether to 
import poultry meat or to build up a domestic 
poultry industry, even if feed must be imported, 
has generally been answered in favor of the 
building up of the poultry industry. The use of 
modern systems is higher in the Middle East than 
elsewhere in the third world because broiler pro- 
duction is relatively new in the region. Much of 
the region’s poultry industry developed as in- 
comes in the region rose following the high 1970s 
oil prices. The industry was created using the 
best technology, often transferred in large turnkey 
projects including the feed mill, breeder farms, 
hatchery, growout houses, and processing fa- 
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cility. One manufacturing company alone re- 
ported over 100 turnkey projects in the Middle 
East and North Africa from 1975 to 1985 (“Big 
D Achieve . . .”). A few countries provided 
incentives for this technology transfer. Saudi 
Arabia, for example, subsidized corn and soy- 
bean imports for broiler production. 

Broiler production has also been growing rap- 
idly in the developing countries of the Far East 
as incomes rose with exports.of manufactured 
goods. In the Far East there was less importing 
of turnkey projects, more a steady upgrading of 
existing breeder and growout operations and 
shifting from live-bird markets (with on-the-spot 
slaughtering for the consumer) to factory pro- 
cessing. 

The consequences of rising broiler production 
for feed trade vary. Many of the nations in these 
regions lack adequate cropland or suitable high- 
yielding crop varieties, requiring feedstuffs im- 
ports (fig. 2). For example, as the arid Middle 
East and North Africa reduced their dependency 
on chicken imports, dependency on feed im- 
ports increased. Elsewhere, even in countries in 
the Far East with abundant rainfall, feedstuff 
production is also often inadequate. For exam- 
ple, Malaysia’s cropland and climate is not suit- 
able to grow enough corn and soybeans, so the 
country must import part of its feed needs. 

Without imports of feed ingredients, poultry 
producers in many of the countries in these re- 
gions, and elsewhere in the third world, would 
have to rely on high-cost locally grown feed- 
stuffs, slowing the expansion of their broiler in- 
dustries. Availability of low-cost feedstuffs is 
critically important. Feed will be 70%—80% of 
the total production cost of a broiler. 


Poultry Trade Is Limited 


One consequence of the easy and widespread 
transfer of confinement poultry production is that 
only 3%-4% of world poultry production is 
traded (fig. 3). This percentage is lower than the 
15%-—20% for some individual crops. Because 
crops are dependent upon both climate and suit- 
able land, and not all countries are blessed with 
suitable resources, crop trade is greater. 


Summary 


Chicken meat consumption has grown very rap- 
idly with rising incomes in the more prosperous 
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Figure 2. Production and trade of developing countries of the Middle East, North Africa, 


and Far East that import chicken meat (FAQ) 
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Figure 3. The percent of poultry produc- 
tion traded is less than crops (FAO) 


developing countries, initially increasing im- 
ports of chicken meat. However, with rising 
consumption, incentives arise to import the 
technology to increase domestic production of 
chicken meat. This domestic production then 
substitutes for imports, slowing and sometimes 
reversing chicken meat trade. However, this 
transfer of technology often contributes to in- 





creased imports of grains needed for modern 
livestock production. 
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International Capital Markets and 


Interest Groups 


Terry Roe 


Capital market integration has increased the scale 
and mobility of capital movements within and 
among nations to unprecedented levels. Integra- 
tion is fairly recent. Frankel concludes from his 
review of the literature that barriers in the major 
world financial markets were sufficiently low that 
by 1989, financial markets could be viewed as 
being fully integrated.’ The scale and mobility 
of capital flows among nations has numerous 
implications to currency values, interest rates, 
wealth, and, through current capital account 
linkages, to relative product and factor prices. 
Capital flows that have real economic effects also 
affect the functioning of policy instruments and 
how effective they are in remunerating an in- 
terest group at the expense, if any, of others. 

This paper provides insights into the process 
and linkages by which the integration of capital 
markets has altered economic policy through in- 
terest group pressures on government. If eco- 
nomic policy is viewed as the outcome of in- 
terest groups seeking through the power of the 
state that which cannot be provided by the mar- 
ket alone, then capital market adjustments that 
affect the return to policy instruments can also 
affect the returns to lobbying resources and, 
hence, the balance of political influence among 
the various groups.’ This type of explanation for 
economic policy has been forwarded under the 
rubric of models of “rent seeking” (Krueger 
1974).’ 


Terry Roe is a professor, Department of Agricultural and Applied 
Economics, University of Minnesota. 

' However, evidence suggests that increased volatility in foreign 
exchange markets has tended to mask comparative advantage in the 
case of some countries and limited the degree of integration for 
financial instruments of longer duration (Artis and Bayoumi). 

? Lobbying is used as a surrogate for voting, donations to polit- 
ical action committees, and other means of influencing a govern- 
ment’s choice over policy instruments. The key point is that re- 
sources are required to influence choice and that interest groups 
behave according to what they perceive to be in their own self- 
interest. 

* Other labels are “directly unproductive profit-seeking activity” 
(Bhagwati) or more generally “political economy” (Colander). Be- 
cause numerous guides to this literature can be found easily, we 
provide no review here. l 


The paper is organized as follows.* Selected 
historical evidence linking capital markets to 
pressures for legislation in the United States and 
other countries is briefly reviewed. In some cases, 
capital market adjustments have eased pressures 
for protection, while, in other cases, adjust- 
ments either forced policy change because of a 
liquidity constraint or made unprofitable the 
lobbying for sustaining policy in face of these 
adjustments. The discussion in the next section 
provides deeper insight into capital market-lob- 
bying linkages. Discussion focuses on the re- 
sults from a simple model of rent seeking, where 
government intervenes in markets and provides 
sector-specific public goods. 


Interest Groups and Capital Market 
Adjustments: An Overview 


The linkage between the overvalued dollar dur- 
ing the Bretton Woods period and the devel- 
opment of agricultural policy was discussed by 
Schuh in his seminal paper on exchange rates 
and agriculture. Under Bretton Woods, the ov- 
ervalued dollar served implicitly to tax produc- 
ers of agricultural tradables. Farm organizations 
grew into potent lobbying groups during this pe- 
riod. Their success in obtaining legislation to 
support farm incomes is evident. The influence 
of capital markets on pressures for farm legis- 
lation during the pre- and post-Bretton Woods 
periods has also been linked. In a study of the 
origins of legislation to protect farm incomes, 
Goldstein concludes that the economic environ- 
ment of the 1920s helped motivate the forma- 
tion of agricultural lobbying groups when it be- 
came generally apparent to rural groups that the 
post-World War I economy was discriminating 
against agriculture relative to other sectors of the 
economy. 


4 See the background paper to this article by the same title for a 
discussion of capital market integration and current-capital account 
linkages in an open capital market economy. 
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In a review of the post-World War I econ- 
cemy, Orden suggests that these pressures would 
likely have been even stronger had capital mar- 
kets not alleviated the otherwise larger appre- 
ciation in the U.S. dollar in response to repar- 
ation of European debt. Following World War 
I, capital markets provided reverse capital flows 
from the United States to Europe. If these re- 
verse flows had not occurred, Europe would have 
maintained an even larger trade surplus. The U.S. 
dollar would have appreciated even further to 
restrict U.S. exports thus placing an even greater 
implicit tax on U.S. agricultural exports. 

The effectiveness of capital markets to meet 
U.S. demand for Joanable funds in the late 1980s 
has helped the United States sustain its budget 
deficit, albeit with the burden that debt service 
payments eventually imply. The burden of ser- 
vicing increasing debt can be accomplished by 
a real depreciation of the currency, and/or a 
recession that reduces imports. If investors per- 
ceive an increase in exchange rate risk, real in- 
terest rates could rise. Perhaps equally alarm- 
ing, the outstanding debt decreases the flexibility 
to respond to a recession because lowering taxes 
or increasing expenditures contributes to debt and 
threatens the willingness of investors, at the 
margin, to hold or accumulate more of the coun- 
try’s assets. Federal Reserve policy is also con- 
strained because expansionist monetary policy 
will tend to depreciate the currency and raise 
inflation fears, while lower interest rates would 
contribute further to a decline in foreign capital 
inflows. 

Were special interests cognizant of these fac- 
tors while lobbying for policies that prevented 
adjustments in the budgert deficit? Capital in- 
flows possibly lessened pressures for additional 
farm subsidies. Still, the high real interest rates 
and the value of the dollar contributed to a de- 
cline in land values and a decline in the U.S. 
share of world agricultural trade. Legislation in 
response to these developments included the Ex- 
port Enhancement Program. Ironically, as the 
1990 farm bill suggests, the implication of growth 
in the U.S. budget deficit for action under 
Gramm-Rudman’ and higher taxes appear to have 
altered the political balance to favor a decrease 
in income support to agriculture, in spite of the 
apparent unwillingness of the European Com- 
munity (EC) to liberalize agricultural trade sig- 


5 See the 1990 Budget Reconciliation Act for the modifications 
ta the 1990 farm bill. 
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nificantly.° Hence, it seems reasonable to infer 
that world capital markets allowed the United 
States to delay adjustment to its growing budget 
deficit. Then, given the magnitude of the defi- 
cit, the rather modest adjustment that occurred 
led to a trade-off among special interests that 
induced the United States to partially liberalize 
agriculrural trade. i 

Emp rical support for the hypothesis that a 
strong Jollar has precipitated protectionist leg- 
islation in the nonagricultural sector of the U.S. 
economy is judged by Leamer as less than con- 
clusive Perhaps the strongest evidence linking 
protect-onist legislation and the appreciation of 
the U.&. dollar is provided by Grossman’s study 
of the J.S. steel industry. Grossman finds that 
the steel industry’s request for trade protection 
coincided with an appreciation of the dollar. The 
apprecāting dollar and the corresponding loss 
of competitiveness was found to account for over 
one-half of the approximately 16,000 jobs lost 
in the mdustry. 

The .inkage between capital markets and in- 
terest groups is perhaps more evident in devel- 
oping countries that have pursued inward-ori- 
ented economic policies (Balassa 1986). The 
World Bank-sponsored study of the political 
economy of agricultural price policies in eigh- 
teen ccuntries found that an overvalued cur- 
rency tended to account for larger indirect taxes 
on producers of agricultural exports than taxes 
imposed by interventions in the sector alone.’ 
Countries with higher indirect taxes were asso- 
ciated with those that exercised control over 
cap:tal markets and pursued various types of ex- 
change-rate-control regimes. Korea and Malay- 
sia, whose capital markets were relatively open, 
tended to discriminate far less against agricul- 
ture then did the other countries (World Bank). 

Cont-ols on domestic capital markets are typ- 
ically coincident with import-substitution-indus- 
trialization policies. Interventions in domestic 
capital markets have given rise to negative real 
interest rates in part because nominal rates re- 


é Johnscn, Mahe, and Roe found support for the hypothesis that 
U.S.—E.C agricultural policies pursued in 1986 could be charac- 
terized as Nash equilibria. A movement from observed policies, 
while. saving resources, made both “politically” worse off as mea- 
sured by =n empirically estimated policy goals function, Prelimi- 
nary resuls for the 1988 base year suggest the same conclusion. A 
departure from this equlibrium is possible if interest group pres- 
sures incre ase the political importance of the budget relative to in- 
come transfers to farmers, as the new legislation implies. 

? See K-ueger, Schiff, and Valdes for a synthesis of some of the 
results of taese studies. Individual country results appear in the Werld 
Bank’s “Comparative Country Study Series on the Political Econ- 
omy of Azricultural Pricing Policies.” 
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main fixed during periods of high inflation. At 
various times during the 1970s, negative real in- 
terest rates were particularly large in Brazil, 
Ghana, Jamaica, Nigeria, Peru, and Turkey. The 
experiences documented by Balassa (1984) for 
Brazil and Turkey and by Corbor, deMelo and 
Tybout for the Latin American countries of the 
Southern Cone support the view that the effects 
of below-equilibrium real interest rates tended 
to lower the efficiency of investment by dis- 
criminating among capital users, to favor the al- 
location of rationed capital to capital-intensive 
techniques, to discourage domestic savings, and 
to encourage capital outflows. 

Reform in many countries included in the 
IBRD study was forestalled when rising world 
prices for exportables increased liquidity. The 
constituencies supporting trade regimes became 
entrenched. When adjustment was needed, ne- 
gotiations between various interest groups either 
proceeded slowly or did not occur in time to al- 
leviate a liquidity crises. The result for many 
countries was an externally devised liberaliza- 
tion program that likely would not have come 
about from a realignment of interest groups alone. 

The balance of political power to influence 
policy in most of these countries appeared to be 
urban based. Urbdn-based coalitions tended to 
support the use of the exchange rate, the trade 
and payments regime, and schemes to allocate 
credit at low nominal and negative real interest 
rates, all of which tended to discriminate against 
agriculture.” If domestic capital markets had been 
open to world markets, exchange rate adjust- 
ments would have at least partially undone the 
objectives of sector interventions because cur- 
rency depreciation would have raised the real 
price of food to consumers and adjustment in 
relative prices would have decreased the dis- 
crimination against agriculture relative to the 
nonagricultural sector. 

There are both economic and political equi- 
libria. An extraordinarily large economic ad- 
justment that may lessen market distortions may 
so threaten or realign the balance of political in- 
fluence that investors (asset holders) perceive 
increased risks to political stability and to asset 
returns. This tendency, coupled with the in- 
creased investment opportunities created by the 
ever more integrated world capital markets, likely 
increases the incidence of capital flight.” Hence, 


8 See Greene and Roe for the case of the Dominican Republic. 
? Dornbusch’s study of the Mexican experience with stabilization 
policy strongly suggests a political motivation for the policies pur- 
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the increased capacity of world capital markets 
to more cheaply and quickly supply capital to 
perceived investment opportunities can increase 
both the cost of realigning economic policy and 
the cost of policies that induce domestic market 
distortions. 


A More In-Depth, Narrow View of Special 
Interests and Capital Markets 


To provide some insight into the economic forces 
that influence political equilibria, it is useful to 
structure the discussion around a model of rent 
seeking. Even though the model excludes cap- 
ital markets and imported intermediate capital 
goods, some implications of the current ac- 
count—capital account linkages to the welfare of 
households can be discerned. The model resem- 
bles that of Young and Magee, except for pur- 
poses here, we focus on the individual house- 
hold and treat the political process as a black 
box.'° Consider a small two-sector economy that 
produces and consumes an export and an import 
good using only labor L,, a sector-specific factor 
x;, and a sector-specific public good G;, where 
the sector index is i = r (rural), u (urban). The 
government’s policy instruments are the relative 
price p of the export good and the production of 
public goods using the technology G; (FF), where 
lf denotes government hired labor. The price of 
the import good is numéraire. 

Let the typical household’s “conditional” in- 
direct utility function be denoted as 


(1) Vilp, ap, W, Co Gi] + w (L; — l) 
+ 6X; + yT (G, p. p, ; 


where 7; (-) is the indirect profit function; w and 
c; are wages and the price of a factor that is only 
traded within the sector (e.g., land), labor and 
sector-specific endowments are L; and <x;, re- 
spectively; y; is the proportion of the total tax 
bill T paid by the ith household; and p” is rel- 
ative world market price.'’ Taxes depend on the 
government’s expenditures on public goods G; 
and the fiscal costs associated with interventions 
that cause a departure between domestic and 


sued. Uncertainty as to whether a new regime can be sustained 
leads asset holders to slow the repatriation of flight capital from 
markets outside the country. 

© The framework is adapted from Roe and Graham-Tomasi. They 
provide a more detailed specification of the political process and 
show the derivation of the type of results reported here. 

H The tax equation prevents the government from obtaining “free” 
resources from the rest of the world. 
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world prices. The function is referred to as con- 
ditional since the lobby level J; is the remaining 
variable to be chosen. Presumably, lobbying in- 
fluences the government’s choices, G and p. 

Before the household can optimally choose /,, 
it is reasonable to assume that it holds beliefs 
about the response of the political process to its 
lobbying efforts. That is, the household must hold 
beliefs about the government’s policy decision 
rules. Let these rules be denoted as 


(2) P =p (bn 1; Z), 
(3) G; = G; (l, 45 Z) 


where Z denotes a vector of exogenous vari- 
ables, such as world price p”, and resource L,, 
X;, institutional and political endowments, and 
so on. In general equilibrium, factor prices w, 
c; are endogenous, they depend upon p, p”, Gi, 
the other mentioned exogenous variables. 

The necessary conditions for /; to maximize 
(1.0) appear in table 1. Essentially, the condi- 
tion indicates that /; is chosen to equate marginal 
returns with marginal costs. To illustrate, con- 
sider term 1. If the rural household produces in 
excess of own consumption qg,,, (Yr — qr) pos- 
itive, and its lobbying efforts result in an in- 
crease in the price of y, relative to the urban 
good, dp/dl, positive, then the household real- 
izes a gain from lobbying. Thus, the more spe- 
cialized is the household, y, large relative to q,,, 
the more willing it is to allocate resources to 
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influence price policy, all else constant. The 
availability of a cost-reducing technology G,, term 
3 positive, also increases the household’s will- 
ingness to influence policy. 

The trade-off between rural and urban house- 
holds can be seen by considering the equivalent 
of term one for the urban household, This term 
can be shown to be ~g, dp/dl,, where the ur- 
ban nousehold lobbies for a decrease in the price 
of food, i.e., dp/al, < 0. Hence, all else con- 
stant, rural households have an incentive to lobby 
for an increase in the price of the rural good 
while urban households have an incentive to 
lobby for a price decrease. Depending on the 
sign of d’p/dl,al,, they may also be willing to 
countervail the lobbying efforts of the other. A 
prisoner’s dilemma is one possible outcome. 

If (L, — L, — L) positive, rural household la- 
bor is employed in the urban sector. In the Ri- 
cardo-Viner type of model specified here, a 
component of the derivative dw/dl, is dw/dp(op/ 
d/,) where dw/dp is positive. Then, the house- 
hold has an additional incentive to lobby for a 
price increase since real wages rise. If another 
freely mobile input were specified, then the sign 
of dw/dp depends on the Stopler-Samuelson 
condition. 

A number of points can now be made. First, 
even though capital markets do not appear in the 
model, it can be seen that current and capital 
account linkages that effect relative prices of 
commodities or factors can induce households 





Table 1. Necessary Conditions for Determining the Household’s Willingness to Pay to In- 
fluence Economic Policy 
Term I,’ Term 2, Term 3, 
Commodity Labor Public 
Market Market Good 
(Ye — QP, F (E, ~ L, — 1) v4, t tran» Gr E B, L, 


The product of household 
production y, less consumption 
gy, 1.e., market surplus, and 
the change in price p from 


additional lobbying /,. lobbying l, 


The product of the household’s 
net labor positions and the 
indirect effect of the change in 
wages w from additional 


The product of the shadow price 
T, of G,, its marginal product 
G,, E, and the change in the 
amount of government labor 
employed, E , 


Term 4, Term 5, Tem 6, 

Sector Specific Taxes Opportunity Cost 
Fector Market of Lobbying Res. 

F , a X Crp F Y T, F w=Q0Q0 

The product of the household’s The change in the household’s Wage, the opportunity cost of 


net employment position of the 
sector specific factor and 
change in its price from 
additional lobbying 


lobbying. 


Note: See Roe and Graham-Tomasi for the details of this derivation. 


tax bill from additional 


lobbying. 


"Notation p, and T, c, for example, denotes the partial derivatives ép/al, and d7,/aG,, respectively. 
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to alter their lobbying levels depending on their 
preferences, distribution of endowments, and the 
competitiveness of one sector relative to the other. 
Effectively, they act as though they choose /; to 
re-equilibrate the first-order marginal return— 
marginal cost condition. 

Consider, for example, the sector-specific 
factors such as land, plant and equipment, term 
4. Policies that have an adverse impact on the 
value, c; of sector-specific endowments can also 
have an adverse impact on the sector’s capacity 
to invest when x, meets collateral requirements. 
Policies that discriminate against agriculture can 
implicitly decrease its capacity to obtain credit 
relative to protected sectors. Further, just as the 
value of protection gets built into the value c; of 
sector-specific assets, so too do the effects on 
c; attributable to the performance of capital mar- 
kets. Rent is x,c,, which determines the value of 
this asset and, hence, wealth. If <, were plant 
and equipment of a sector protected using cap- 
ital market controls of the nature mentioned, then 
liberalization can imply a decline in wealth of 
large magnitudes. If the household correctly 
perceives this possibility, then it may be willing 
to increase significantly its lobbying commit- 
ment to preclude such an eventuality. The dis- 
tribution of endowments x; within the sector will 
also affect households’ willingness to lobby dif- 
ferentially, depending on whether they are net 
suppliers or demanders of the sector-specific as- 


set, (%, — x,) positive or negative, respectively. 


This has implications for sustaining a coalition. 

Second, because the capacity, particulary of 
developing countries, to provide public goods 
(infrastructure, communications, education, 
public services) often depends on their ability to 
obtain loanable funds from abroad, domestic 
policy that gives rise to an efficient allocation 
of the country’s resources is likely to increase 
its capacity to access international capital mar- 
kets. The provision of public goods increases 
the productivity of private sector resources and 
the willingness of households to invest in quasi- 
fixed factors of production.'* Countries follow- 
ing inward-oriented economic policies often 
incur substantial fiscal deficits, so that the mar- 
ginal social cost of an incremental investment in 
public goods is extraordinarily high, all else 
constant. Further, public good allocation tends 
to have an urban bias (Braverman and Kanbur). 

In this case, the framework posited in table 1 
suggests that the household is concerned with 


'2 See Binswanger for estimates of the effects of public good sup- 
ply on the aggregate elasticities of agricultural supply. 
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the optimal allocation of its lobbying resources 
so that, at the margin, it does not necessarily 
prefer the provision of public goods over poli- 
cies that distort prices. In this case, the short- 
run marginal cost-marginal return to the house- 
hold’s lobbying resources might favor lobbying 
for price distortions as opposed to lobbying for 
the provision of public goods, particularly when 
households do not have: access to world capital 
markets so that the provision of public good must 
be financed from domestic savings. 

Three corollaries follow. First, to the extent 
that world capital markets have increased the in- 
centive for capital to flee inward-oriented econ- 
omies, then the cost of pursuing an inward ori- 
entation is increased further because, all else 
constant, the difficulty of financing the provi- 
sion of public goods is increased as a result of 
the decline in domestic loanable funds and the 
adverse impact on imbalances in external ac- 
counts that capital flight implies. Declines in the 
provision of public goods clearly has dire im- 
plications for economic growth. 

A second corollary of this argument is that 
when capital markets work imperfectly, as they 
almost surely did when many countries accu- 
mulated debt levels that later led to liquidity 
problems, households may view the tax com- 
ponent T in table 1 to be relatively unaffected 
by lobbying efforts, at least in the short run. 
Households may then continue to lobby for pol- 
icies which, for some sustainable period, allow 
expenditures to exceed income. Effectively, 
governments, responding to the influence of 
special interests, may then pursue policies as 
though a financial constraint was not binding.” 
The eventual burden of servicing external debt, 
as appears to have happened for many coun- 
tries, has forced them to liberalize trade and other 
policies that contributed to domestic distortions. 
But, capital inflows to these countries have not 
returned (IMF). They now find themselves in a 
position where policy liberalization has oc- 
curred but implicit taxes on the consumption of 
traded goods is higher than it would likely be if 
capital inflows returned, i.e., their currencies are 
undervalued. Moreover, the cost of loanable 
funds to allocate to the provision of public goods 
is also higher in this environment.’ 

A third corollary is that the biased provision 


B See Mohtadi and Roe for the implications to economic growth 
when households ignore the tax implications of their lobbying ac- 
tivity. 

'* An interesting conjecture is whether this line of reasoning also 
applies to the problems the U.S. will face in maintaining invest- 
ments in public goods while servicing debt. 
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of public goods can increase the willingness of 
the sector receiving more than its share to lobby 
for its differential advantage. The provision of 
the public good increases the willingness to in- 
vest in quasi-fixed factors of production, which, 
in turn, increases the first component of term 1; 
and, depending the economies to scale of pri- 
vate and public goods in production, it can also 
increase the shadow price of the public good in 
term 3, table 1. Thus, the biased provision of 
public goods can increase the capacity of one 
sector to lobby for policy that further discrimi- 
nates against the other sector. 

The third point relates to the diversification 
of household assets and the functioning of do- 
mestic markets. This point also relates to Man- 
cur Olson’s suggestion that broad-based coali- 
tions tend to take into account the adverse 
macroeconomic effects of their lobbying efforts 
so that the adverse effects of the differential ad- 
vantage they seek tends to be less than those of 
narrow-based coalitions. The simple model in 
table 1 shows that, if households hold shares in 
both sector’s sector-specific assets, then the 
household would have less incentive to seek its 
differential advantage because lobbying that 
benefited one sector at some cost of the other 
would be borne by both households. House- 
holds would have a greater incentive to coop- 
erate, i.e., to lobby in ways that benefit both. 

Capital markets permit households to diver- 
sify assets. In the presence of security markets, 
households can hold shares in the assets of other 
sectors and other countries, both directly and 
through retirement funds managed by capital 
market firms. Through diversification, these 
markets help households insure against policy 
(i.e., the influence of special interests) that ad- 
versely affects a sector or country. Hence, it can 
be conjectured that, all else constant, diversifi- 
cation increases the household’s perceived cost 
of seeking its differential advantage. In terms of 
the simple model, the household may find it op- 
timal to lobby for the provision of public goods 
as opposed to price distortions.” 

The fourth point is closely related to the above. 
It deals with the presence of a lobbying equilib- 
rium. More specifically, the seeking of differ- 
ential advantage can be characterized as a non- 
cooperative game. A Nash solution can be 


'S If sector-specific factors x, can be freely traded and labor is 
permitted to migrate freely between countries at low cost, much as 
in the case of countries within the European community, then models 
of the type posited here indicate that returns to lobbying in a par- 
ticular country that tax some resources relative to others tend to 
decline. 
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defined as 
(4) av,/al, 


where /° are values that maximize (1) and 4; (-) 
are the rules obtained form a solution to the con- 
dition expressed in table 1. Condition (4) char- 
acterize; a stable political process; it allows (2) 
and (3) to be stated as functions of exogenous 
variables only. Of course, there may not be a 
Nash sclution, and if there is, it need not be 
unique, nor is it the case that Nash behavior is 
most natural here. 

Institutions are important because they are a 
componznt of the political technology available 
to respective households, the black box behind 
this model. This technology is important in de- 
termining the nature of a political equilibrium, 
i.e., the lobbying levels for which neither 
household is willing to change. Note, too, the 
knowlecge and information requirements of the 
household, the prerequisites for informed, ra- 
tional croice. A competitive market model with 
no government is informationally efficient be- 
cause households need to respond only to the 
information provided by price signals. How- 
ever, in the case considered here, the house- 
hold*s decision-making problem is more com- 
plex bezause of knowledge of the political 
“technology,” equations (2) and (3), the effects 
of lobbying on market-determined variables, w, 
c, and c,, taxes T, and the countervailing lob- 
bying of adversely affected households. As noted 
by others, e.g., Krueger (1990, p. 21) “when 
the costs of a policy are obscure, special inter- 
ests in the private sector and government have 
a greater opportunity to use those policies for 
their own advantage without incurring the dis- 
opprobriim of voters and other politicians.” 


= Q, dV,,/al,s 0, 


lh D ike, a 


Concluding Comments 


Integration of capital markets has increased the 
scale and mobility of capital movements within 
and among nations. This paper has attempted to 
provide some insights into the process and link- 
ages by which integration has influenced inter- 
est grouds and hence economic policy. It is 
suggested that capital market adjustments and 
pressures for farm legislation can be traced back 
to post-V/orld War I, although similar evidence 
for the industrial sector seems less well docu- 
mented. It is conjectured that the balance of po- 
litical irfluence delayed adjustments to the 
emerging U.S. budget deficit in part because 
world capital markets supplied the U.S. demand 


Roe 


for loanable funds at low cost. When implica- 
tions of the deficit became more apparent to a 
broader range of interest groups, then political 
balance favored a decrease in support for agri- 
culture in spite of the EC’s reluctance to liber- 
alize trade to anywhere near the same degree. 

The use of capital market controls to discrim- 
inate against agriculture is most apparent in many 
of the world’s developing and newly industrial- 
ized economies. Had these economies been open 
to the world’s capital markets, then domestic 
capital market adjustments would have at least 
partially undone the objectives of sectoral inter- 
ventions, hence the motivation for special in- 
terests to lobby for capital market controls. 

More in-depth insights, and insights support- 
ive of the previous discussion, are provided us- 
ing a simple model of rent seeking. Key points 
are that capital markets affect the value of sec- 
tor-specific resources and, hence, the value of 
collateral and wealth as determined by these as- 
sets. Collateral is associated with investment and 
the productivity of variable resources. Produc- 
tivity growth sets in motion a chain of events 
including higher returns to resources and the 
specialization and division of labor. This chain 
of events also alters a household’s willingness 
to lobby. If policy discriminates against the sec- 
tor, then this chain of events can induce house- 
holds to lobby for the removal of distortions. 
The converse is also possible. Because capital 
market adjustments affect the wealth embodied 
in sector endowments, households may be will- 
ing to expend lobbying resources to resist those 
capital market adjustments that adversely im- 
pact on wealth, e.g., the protection overvalued 
exchange rates and negative interest rates afford 
- the industrial sector of many inward-oriented 
economies. 

Countries following inward-oriented policies 
often incur substantial fiscal deficits so that the 
marginal cost of an incremental investment in 
public goods is extraordinarily high. In this case, 
the marginal return—cost calculus of the house- 
hold may favor lobbying for interventions that 
distort markets rather than for interventions that 
increase the provision of public goods. How- 
ever, to the extent that capital markets have in- 
creased the incentive for capital to leave inward- 
oriented economies, the cost of pursuing an 
inward orientation is increased. Effectively, 
capital flight increases the likelihood of a bind- 
ing liquidity constraint making the maintenance 
of an inward-oriented policy less feasible re- 
gardless of the willingness to lobby for their 
support, unless of course, autarky is preferable. 
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A corollary is that capital markets may make 
fiscal and trade imbalances appear artificially 
cheap, thus inducing some households to ignore 
the tax implications of their lobbying efforts. 

Capital markets permit the internalizing of 
lobbying externalities when households rely on 
these markets to diversify their portfolios. Then, 
less incentive exists to seek a differential ad- 
vantage since lobbying that benefited one sector 
at some cost to the other is borne by the house- 
hold through its portfolio linkage. This effect, 
too, may be a two-edged sword if households 
are not fully informed. Capital inflows to the 
United States during the 1980s appear to have 
contributed to rising security prices. Did rising 
security prices lead to additional support for 
supply-side policies? 

The rather complex and obscure dimensions 
of capital market effects on an economy surely 
increase the complexity for the household to 
lobby for policies that truly increase its welfare. 
When the costs of policy are obscure, the lob- 
bying costs incurred by special interests tend to 
be lower because of the lack of countervailing 
efforts by others. Political technology, ideol- 
ogy, knowledge, and information are particu- 
larly important to effect rational choice and a 
balance of competition in the “market place” for 
public choice. Institutions, a public good, seem 
to be particularly important in this regard. 

The evolution of world capital markets should, . 
over time, decrease the incentives for interest 
groups to induce governments to pursue policies 
that discriminate in their favor. This is another 
way of suggesting that evolution will increase 
the difficulty of pursuing policies that cause an 
inefficient allocation of resources and that ex- 
ternalize costs to other countries. This evolution 
also increases the importance of international in- 
stitutions and agencies to perform activities that 
permit markets to function efficiently, such as 
enforcing voluntarily negotiated contracts, pro- 
vision of information, and regulating sources of 
instability. Finally, efforts to liberalize an econ- 
omy may focus first on capital markets because 
these markets impact on the entire economy and 
becuase of the second-best problems associated 
with sectoral liberalizations. 
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International Capital Markets and 
Development Funds for Agriculture: 


Discussion 


Ralph W. Cummings, Jr. 


The contributed papers do an admirable job of 
describing the new environment which has 
emerged over the past quarter of a century in 
which developing countries can supplement their 
own resources by tapping the international pool 
of savings now available from a huge, well-in- 
tegrated capital market. 

Roe’s paper provides a framework to analyze 
the conditions—checks and limitations—im- 
posed on economic decision makers by the in- 
ternational capital market. He argues that the 
evolution of world capital markets should, over 
time, decrease incentives for interest groups to 
induce governments to pursue policies that dis- 
criminate in their favor. This evolution in- 
creases the importance of development agencies 
to support activities that permit markets to func- 
tion efficiently. Economic equilibria are inter- 
dependent with political equilibria; economic 
reforms must be sensitive to political stability. 

Vocke describes the transfer of intensive 
poultry production systems. These operate very 
much the same whether in the United States or 
Thailand. This is a clear case where interna- 
tional capital markets should be tapped directly. 

The paper by Lele synthesizes an ambitious 
systematic examination, using detailed case 
studies rather than polemics or econometric ma- 
nipulations, of the role of foreign assistance in 
development. It points out some of the shortfalls 
of foreign assistance, among which instability, 
unpredictability, and biasing of investment de- 
cisions to availabilities of funds from donors are 
prominent. It underlines how the debt crisis has 
severely curtailed the previously increasingly 
important net flows of private capital to devel- 
oping countries. 

As noted in Lele’s paper, all is not well with 


Ralph W. Cummings, Jr., is an agricultural economist with the 
Agency for Internatianal Development. 

The views expressed in this discussion are the author’s and do 
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official development assistance. Private capital 
flows will have to start growing again if the de- 
mand from developing countries is to be satis- 
fied. These papers have several implications for 
donors. 

One implication is the need to get back to 
basics; that is, to look first to analyze whether 
countries have progressive agricultural sectors. 
One of the failures of our profession is that we 
have been unable to convince leaders in devel- 
oping countries and in our own development 
agencies of the fundamental lesson that a pro- 
gressive agricultural sector is the driving force 
for economic development. 

A second implication is the need to improve 
stability in addressing comparative advantage in 
providing assistance to accelerate agricultural 
development. If countries have sound economic 
environments, they should be able to borrow for 
infrastructure, either from the international cap- 
ital market (Roe notes that exchange rate un- 
certainties cause international capital markets to 
be reluctant to finance longer maturities) or from 
the multilateral development banks. If a donor 
country has a competitive advantage in supply- 
ing infrastructure, that should be expressed 
through competitive bidding. 

Donors have a role in promoting a sound eco- 
nomic structure. Lele concludes that even small 
amounts of aid—-given in the context of a sound 
policy environment for the development of 
physical, human, and institutional infrastruc- 
ture—are far more effective than large amounts 
given without attention to the overall develop- 
ment policy. Roe argues that domestic policy 
that facilitates efficient allocation of the coun- 
try’s resources is likely to increase its capacity 
to access international capital markets. 

Donors can divide responsibilities to promote 
economic reforms. The multilateral banks and 
other donors can provide loans to implement 
structural adjustments and focus on “big pol- 
icy,” that is, macropolicy. The comparative ad- 
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vantage of a bilateral donor like the Agency for 
International Development (AID) that gives a 
limited amount of assistance the old-fashioned 
wayv——as grants or as loans whose terms ap- 
proximate grants——is in supporting analysis to 
ask questions and to provide answers about what 
to change and how to change it, with particular 
attention to “small policy,” for example, spe- 
cific challenges such as facilitating technologi- 
cal change, private sector growth, and environ- 
mental responsibility (ensuring benefits for future 
as well as present generations). Roe points out 
- that capital markets permit households to diver- 
sify assets; this should be encouraged because 
the differential advantage that broad-based co- 
alitions seek tends to be less than that sought by 
narrow-based coalitions. Broad-based coalitions 
are more likely to support government expen- 
ditures for public goods. He also cites Krueger: 
“When the costs of a policy are obscure, special 
interests in the private sector and government 
have a greater opportunity to use those policies 
for this own advantage without incurring the 
disopprobrium of voters and politicians.” Im- 
proving the legal environment—-commercial law, 
regulations, grades and standards, market infor- 
mation, property rights-——may be a key way to 
stimulate broad-based private sector activity. 
The systematic examination of the role of for- 
eign assistance in economic development dem- 
onstrates that the United States has a clear com- 
parative advantage in technology development, 
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particularly in human resource development, re- 
search, and training. Lele’s paper provides strong 
evidence of the important contribution to Asia’s 
economic successes, and, conversely, the ab- 
sence of the contribution partially accounting for 
Africa’s failures. There are a number of studies 
which demonstrate over a range of countries and 
commodities that returns to research, if done well, 
are two to three times other agricultural invest- 
ments. Advances in U.S. agriculture, making 
use of university, the U.S. Department of Ag- 
riculture, and private sector experience, provide 
an extraordinary example of the successful de- 
velopment and application of science and tech- 
nology. And the United States can benefit from 
it. Generally, developing countries are reluctant 
to borrow from either private capital markets or 
multilateral development banks for human re- 
source development. The benefits result after a 
long gestation period, but the costs come early. 
The private sector cannot easily recapture the 
costs. And the effort must be done right and sus- 
tained for at least ten to twenty years. Science 
and technology is what developing countries most 
need and what U.S. assistance does best. 

Official development assistance is not ex- 
pected to increase significantly. The newly 
emerging international capital market introduces 
a potentially very positive dimension to eco- 
nomic development prospects. All donors need 
to reconsider how they can best facilitate the 
contribution. 


Books Reviewed 


Anderson, Kym. Changing Comparative Advan- 
tages in China: Effects on Food, Feed, and 
Fibre Markets. Paris: OECD, 1990, 118 pp., 
price unknown. 

This book was motivated by the enigmatic nature of 

the changing role of agriculture in China’s modern 

economy. Much of Anderson’s work over the course 
of his career has focused on the rise and fall of ag- 
riculture in small Asian countries, and this new book 
analyzes the big picture in Asia; namely, what does 
the future hold for Chinese agriculture? He argues 
that China is losing its comparative advantage in ag- 
riculture; but, in return, its comparative advantage in 
lightly manufactured products is increasing. These are 
long-term trends the author has identified, and he fully 
expects them to continue. He is not surprised by what 
he finds because he argues that China is following 
basically the same development path taken by other 

East Asian economies (e.g., Japan, Korea, and Tai- 

wan). 

Chapter 1 is an executive summary of the book. 
Chapter 2 provides the theoretical framework for the 
book’s thesis. It offers an explanation of (a) “why 
the agricultural sector’s shares of GDP and employ- 
ment tend to decline as an economy grows” (p. 17) 
and (b) “why densely populated countries also tend 
to lose their agricultural comparative advantage as they 
develop ” (p. 17). The explanation of (a) is much 
more complete than for (b). Anderson argues that in 
a developing economy, agriculture’s share of na- 
tional product normally falls because, first, produc- 
tivity growth is faster in agriculture than manufac- 
turing; second, demand for food grows slowly; third, 
growth in the rest of the world lowers the terms of 
trade for agricultural exporters; and, fourth, agricul- 
ture’s share of tradables’ production declines. He then 
argues that densely populated countries eventually lose 
their comparative advantage in agriculture because 
development increases the availability of capital and 
the ratio of capital to natural resources rises. Com- 
parative advantages shift with changes in relative fac- 
tor endowments. Drawing on empirical evidence from 
economies in East Asia that are more advanced than 
China, Anderson concludes that “these densely pop- 
ulated, resource-poor countries lost their comparative 
advantage in primary products at a relatively early 
stage of their economic development, and enjoyed an 
initial strengthening of comparative advantage in un- 
skilled-labour-intensive manufactured products, such 
as textiles and clothing” (p. 27). 

The objective of chapter 3 is to provide an over- 
view of the trends and structural changes evident in 
China’s economic growth since 1949. Statistics are 
presented in support of the argument that China’s 
comparative advantage in agricultural products has 


been declining for a long time. On the other hand, it 
is shown that comparative advantage in textiles and 
clothing has been strengthening. The comparative ad- 
vantage in “other manufactures” shows no trend. These 
emerging trends are important not only for China but 
also for the rest of the world because, as Anderson’s 
data shows, China is becoming more and more trade 
oriented. 

The objective of chapter 4 is to examine the ques- 
tion of whether or not the rapid economic growth China 
experienced in the 1980s will continue. The author 
argues that “notwithstanding the economic and po- 
litical instability of 1988—89, there are good reasons 
to assume not only that it will (continue to grow), 
but also that the relative openness of China’s econ- 
omy will continue” (p. 55). If current policies remain 
intact, then Anderson sees the role of agriculture de- 
clining in China’s economy. “By the year 2000, farms 
will account for probably less than one quarter of GDP 
and half of all jobs, compared with around 30 percent 
and 60 percent, respectively, in 1987” (p. 76). 

Chapter 5 speculates on how policy makers in China 
might respond to the loss of its comparative advan- 
tage in agriculture. He discusses price policy, foreign 
exchange policy, and policies affecting interregional 
trade. The overall conclusion of the chapter is that 
“the nonagricultural policy changes discussed here 
do little to raise one’s hopes for China improving its 
agricultural comparative advantage in the longer run. 
If anything they tend to reinforce the likelihood that 
China will become increasingly more dependent on 
agricultural imports in the absence of intervention by 
the Chinese government to restrict such growth” (p. 
94). 

The purpose of chapter 6 is to review some of An- 
derson’s previous (in his work with Rod Tyers) pro- 
jections of China’s future level of food self-suffi- 
ciency. In addition, this chapter evaluates the effects 
of China’s economic growth on domestic and inter- 
national markets for fibers. The overall conclusion is 
that “it is likely China’s self sufficiency in agricul- 
tural products, particularly animal feedstuffs and nat- 
ural fibres, will decline during the 1990s and be- 
yond” (p. 107). Anderson suggests the impact of 
heightened Chinese imports on the international mar- 
kets may be small because of the excess world ca- 
pacity for food production, particularly in the United 
States. 

To summarize, the overall theme of Anderson’s 
book is that China’s agricultural comparative advan- 
tage is on a downward trend. This is similar to the 
trend in Japanese agriculture described by Hayami in 
a book published a few years ago. While the falling 
comparative advantage theory may be an interesting 
hypothesis, Anderson’s book falls short of rigorously 
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demonstrating this decline in the case of China. 
Nonetheless, the book is an ambitious and credible 
piece of work. 


Colin A. Carter 
University of California, Davis 
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Bouman, F. J. A. Small, Short and Unsecured: In- 
formal Rural Finance in India. Delhi: Oxford 
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Bouman presents a lucid description of rural finance 
in India. He chose the district of Sangli in the state 
of Maharashtra as the battleground for his research. 
The choice of Sangli is aimed at providing fresh in- 
sights into the dynamic relationship between finance 
and development in an economy that is “in a rapid 
transition from a subsistence to commercial orienta- 
tion” (p. 2). This is one area where the book differs 
from the existing literature dealing with the same 
subject matter. 

The main topics of the book are presented in a log- 
ical manner. The book starts with a general review 
of the debate betweeen formal and informal finance. 
This is followed by a discussion of the Indian rural 
finance policy. It then proceeds with a description of 
the sugar boom in Maharashtra. The discussion of the 
rural financial markets in Sangli starts with a general 
description of the various financial agents, and then 
focuses on key players in the informal financial mar- 
kets, such as the Urban Credit Societies (UCS), the 
bishi (ROSCA/RESCA), pawnbrokers, and milk 
collectors. The last chapter gives an evaluation of the 
relation between finance and development. 

Evidence of the systematic bias of policy makers 
against informal finance in India are sprinkled in sev- 
eral chapters. Examples of these are the Moneylen- 
ders’ Acts, the Debt Relief Acts, and the lack of ap- 
preciation by policy makers of voluminous studies on 
informal finance in India done by noted researchers. 
The discussion about the Indian rural policy looks 
familiar to those who come from low income coun- 
tries. The policy consists basically of creating highly 
specialized financial institutions that give less em- 
phasis to savings mobilization and concentrate in- 
stead on the delivery of cheap credit to specific sec- 
tors of the economy. An example is the Primary 
Agricultural Credit Societies (PACS) which “operate 
as retail agents of government loans for agricultur- 
ists” (p. 39). The result was the rapid proliferation 
of unviable financial institutions with some equity 
implications because “wealthier farms are often the 
main defaulters” (p. 115). l 

Against this background is the dynamism of the 
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informal financial agents which consist of less reg- 
ulated (e.g., the UCS and licensed pawnbrokers) and 
completely unregulated agents (e.g., the bishi, unli- 
censed pawnbrokers, and milk collectors). Bouman 
reports they have proliferated even in areas where nu- 
merous formal financial institutions already exist. Their 
emergence can be attributed mainly to the failure of 
formal financial systems to respond to the growing 
and cnanging demands of people for financial ser- 
vices. For instance, beneficiaries of the sugar boom 
who “had money to spend and were looking for new 
production and consumption alternatives” (p. 4) 
formed their own UCS because “the existing finan- 
cial institutions could not accommodate them” (p. 4). 
Bishis became popular because of “the high return 
they offer on savings and the relatively easy access 
they provide to credit” (p. 56). The milk collectors 
who became informal lenders supplied loans to less 
affluent farms who could not obtain loans from the 
formal financial institutions, thus enabling them to 
respond to investment opportunities brought about by 
the dairy boom. 

The informal sector in Sanglis proved to be resil- 
ient and innovative. The collapse of several UCS 
caused by political intrusions and fraud committed by 
some of their officers elicited some positive re- 
sponses, such as appointing motivated professionals 
with experience in managing a financial institution. 
Old forms of financial arrangements became obsolete 
and were replaced by new ones in response to the 
changing requirements of the rapidly growing econ- 
omy. A case in point is the gradual disappearance of 
rotating savings and credit associations (ROSCAs) and 
the emergence of RESCAs (regular savings and credit 
associations) in Sangli. One weakness of the former 
is that only one player can be accommodated at one 
time; and, even then, he “cannot be sure of the mo- 
ment he will receive the fund” (p. 55) because of the 
lottery mechanism. In contrast, several borrowers can 
simultaneously be accommodated in RESCAs. Inter- 
estingly, the recently created bishis tried to deal with 
the problem of shortage of capital by collecting “large- 
sized one-time lump sum payments” (p. 67) as shares 
of members and also lengthened their life cycle so 
that they can provide larger and longer loans. 

The last section in the book deals with some nag- 
ging questions that have been raised since the time 
when informal finance caught the attention of re- 
searchers and policy makers. One such issue is whether 
formal and informal finance are substitutes or com- 
plements. Bouman has pointed out that in a penny 
economy, small and short loans are widely de- 
manded. “It is precisely this small-loan specialization 
which precludes the substitution of the informal lender 
with a supposedly more public-spirited formal insti- 
tution” (p. 125). Another issue is the linkage be- 
tween formal and informal financial institutions. He 
cautions those who are trying to forge such linkage 
through some policy design. According to him, “the 
Sangli experience demonstrates that linkages seem to 
develop spontaneously whenever and wherever peo- 
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ple perceive such links as advantageous. Without such 
advantages, any policy of link-promotion will be an 
uphill struggle”. (p. 127). 

As one goes through the book, he will be bothered 
by a number of issues. For instance, the author did 
not discuss how the sample financial agents included 
in the study were selected. This is important to dispel 
any doubt about the positive contributions of infor- 
mal finance in the economy. While the author men- 
tioned some cases in which some of his Indian friends 
were trying to prove the absence of relationship be- 
tween informal finance and economic development 
by citing “hearsay scandals of bishis, insisting that 
bishi-loans stimulated alcohol abuse” (p. 120), he 
could be accused of exaggerating the existence of such 
relationship by conveniently selecting the sample; 
hence, the need to discuss the sampling procedure. 
Mention should also be made of the instruments used 
in gathering primary data, i.e., whether structured in- 
terview schedules were administered to the respon- 
dents. 

The author has pointed out that the supply of for- 
mal and informal loans in Sangli has been growing 
substantially with economic development and indi- 
cated that there is sufficient competition in the mar- 
ket by just looking at the number of financial agents. 
Yet, he did not provide an analysis of the behavior 
of lending rates over time. One would reasonably ex- 
pect that real interest rates have gone down over the 
years if competition really did improve. In fact, the 
author did not provide a good analysis of the struc- 
ture of lending rates. This is most glaring in this anal- 
ysis of bishis. 

Despite these questions, the book provides valu- 
able insights on rural finance. Policy makers in LDCs 
should find this book useful in their work. For stu- 
dents of finance and development in LDCs who have 
been exposed to the elegant models of financial in- 
stitutions’ behavior, the book is a good eye-opener. 


Mario B. Lamberte 
Philippines Institute of Development Studies 


Dréze, Jean, and Amartya Sen. Hunger and Pub- 
lic Action. Oxford: Clarendon Press, 1989, xviii 
+ 373 pp., $45.00, $15.95 paper. 
For those concerned with the alleviation of hunger in 
the developing nations through public action, this is 
a most important book. Hunger is defined as includ- 
ing famines and chronic undernutrition. Public action 
includes activities of both the state and individual 
members of society. 

This is a big and challenging topic, but the authors 
are more than up to it. Dréze, a former lecturer in 
development economics at the London School of 
Economics, has extensive field experience in India. 
Sen, formerly Drummond Professor of Political 
Economy at Oxford and now Lamont University Pro- 
fessor at Harvard, is a brilliant polymath who has had 
a long-standing concern with hunger. They make a 
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formidable team. Their work was sponsored by the 
World Institute for Development Economics Re- 
search (WIDER). 

The book builds on previous writings by both au- 
thors, particularly Sen’s well-known Poverty and Fa- 
mines. A companion three-volume set of readings ed- 
ited by the authors, titled The Political Economy of 
Hunger, is being issued in 1991 by the same pub- 
lisher. They have also done their share of reading: 
their bibliography extends some 77 pages and in- 
cludes roughly 1,700 citations! 

The text of the book is organized into four main 
parts. Part 1 provides background on “Hunger in the 
Modern World.” Part 2, “Famines,” reviews stra- 
tegic and technical issues of famine prevention in In- 
dia and sub-Saharan Africa. Part 3 is titled “Under- 
nutrition and Deprivation” but is much broader in 
scope and might equally well have been called “Pub- 
lic Support Measures and the Quality of Life.” Part 
4 is a one-chapter summary emphasizing public action. 

Overall, the authors state that “the primary focus 
of the book is on action, rather than on measure- 
ment” (p. vii). Hence, they have tried to make the 
discussion nontechnical and accessible. They have 
emphasized what can be done inside the country rather 
than through external aid. Public action of both a col- 
laborative and adversarial nature is advocated. 

They take a broad social security approach which 
separates the problems into two interrelated camps; 
those that can be handled through protection (fa- 
mine), and those that can be handled through pro- 
motion (undernutrition). They view famine as a sim- 
pler and less pervasive problem than undernutrition; 
far fewer lives are lost to famine than to undernutri- 
tion. They see wages for the employable through public 
works programs, supplemented by relief for the un- 
employable, as the most promising way to tackle fa- 
mine. In the case of undernutrition, they examine both 
growth-led and support-led security and provide a 
number of country examples of the latter. 

The strengths of the book are many. It is well in- 
formed and well reasoned. It admirably combines great 
erudition with case studies and examples. It suggests, 
without “excessive shyness” (p. vii), practical courses 
of action. Everywhere it turns, it sheds new light and 
new insights. It is well organized, well written, and 
superbly produced (I did not spot any typographical 
errors). In short, it delivers, and in fine style. 

Weaknesses are relatively few and may differ with 
the eye of the beholder. I think that the role of war 
and revolution in setting the stage for famine might 
have been given greater attention (brief mention on 
pp. 274-75). Also, the geographic and historical scope 
of the coverage of famines might have been broad- 
ened. While the alleviation of undernutrition is a much 
broader subject, I cannot help but feel that the au- 
thors went a bit overboard in most of part 3; under- 
nutrition, as such, is given relatively little attention. 
Furthermore, the authors completely neglect the crit- 
ical role that public agricultural research plays in ex- 
panding food supplies and lowering the per unit costs 
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of food production and consumption. Little is said, 
for either famine or undernutrition, about what can 
be done when governments are weak or chaotic, or 
of what the budgetary costs are likely to be (the latter 
subject is only briefly mentioned on pp. 251-52, 270). 

But if some of these aspects might be more fully 
developed, it must be acknowledged that the authors 
anc the subject have come a long way since Sen’s 
1981 book. The discussion that it engendered (es- 
pecially in Food Policy since 1986) and further em- 
pirical work are reflected in a much better balanced 
and more informed discussion. The key role of pro- 
duction, for example, is given increased attention. 
This volume, in turn, may launch a new cycle of dis- 
cussion and learning. 

The result is a book that everyone concerned with 
hunger can read with profit. It will also help broaden 
and improve the vision of more general development 
specialists. It should, in short, make a major intel- 
lectual contribution to more enlightened public action 
to alleviate hunger in developing nations. It could, if 
read and heeded, change untold lives. 


Dana G. Dalrymple 
U.S. Department of Agriculture and Agency for 
International Development 
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Eicher, Carl M., and John M. Staatz, eds. Agri- 
cultural Development in the Third World, 2nd 
ed. Baltimore MD: John Hopkins University 
Press, 1990, x + 550 pp., $55.00, $18.95 pa- 
per. 

The first edition of this book was published in 1984 

and received generally good reviews by Carruthers 

and Roumasset, among others. The publisher states 
on the back cover of the second edition that, “Twenty 
of the book’s thirty-two chapters are new, treating 
such topics as the role of women in rural develop- 
ment and policy reform in Latin America, Africa, 

China, and the Soviet Union. The readings address 

two basic questions about Third World agriculture: 

what is the strategic place of agriculture in national 
development, and how can the development of the 
rural sector be accelerated?” Net changes to the book 
are significant and worthwhile, though several “new” 
chapters are by different authors on the same topics. 

“This book is designed to be used as a text in be- 
ginning graduate courses in international agricultural 
development and as a supplementary text in general 
economic development courses” (p. x). I have used 
the first edition in a course on the economics of ag- 
ricultural development and have found it to be a gen- 
erally excellent selection of the existing literature, al- 
though not all desired topics were covered. 
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Interestingly, outside materials on food price policy, 
global food balances, and productivity by farm size. 
which I have used to complement the first edition, 
are included in the second edition in their entirety or 
as portions of chapters. In my view, these additions 
make the book even more useful as a text for a be- 
ginning graduate course on agricultural development. 

The second edition is divided into five parts that 
are organized in much the same way as for the first 
edition. Part 1, an overview, has an excellent review 
by the editors of the evolution of theories and de- 
velopment strategies for agricultural development since 
1950. New sections include a discussion of the de- 
velopment themes and empirical evidence introduced 
in the 1980s and lessons and insights for the 1990s. 
This chapter, like the introductions to each of the four 
remaining parts of the book, provides a good back- 
ground, overview, and some synthesis of the con- 
cepts covered in the following chapters. 

Part 2, “Historical and Tneoretical S E 
now includes four chapters, as compared with the 
seven chapters in the previous edition. Material on 
community development and the political economy 
of Latin America as well as two comment chapters 
have been deleted. New material includes two chap- 
ters on agriculture in transition and its shift toward 
industrialization, both positive additions. The in- 
duced institutional model chapter, by Ruttan and 
Hayami, remains in the new edition (pp. 97—112). 
However, none of the new institutional economics 
literature has been incorporated into the materials. 

Part 3, “Food and Agriculture Policy” (formerly 
“Policy Analysis in a General Equilibrium Frame- 
work”) includes only four of the nine chapters found 
in the first edition. The new title for this part more 
adequately reflects the material included in both edi- 
tions, and rightly so, since previous reviewers pointed 
out the lack of any equilibrium framework in the first 
edition. The five new chapters cover some of the same 
subjects but with much more relevance and useful- 
ness for development economists and practitioners. 
Particularly important are the chapters by Schuh, dis- 
cussing the new macroeconomic situation (pp. 140— 
53), and by Bates, covering the political framework 
for decision making (pp. 154-59). These add im- 
portant dimensions and insights to improving our un- 
derstanding of the context within which agricultural 
development and policy change must take place. 

Part 4, “Transforming Agriculture and the Rural 
Economy,” has not changed significantly in terms of 
subjects covered but, again, the net change is very 
positive. The important topic of women’s role in de- 
velopment has been added, not as a formality, but in 
recognition of its importance for effective policy de- 
velopment and implementation. The chapter, “Re- 
flections on Land Reform and Farm Size,” by Bin- 
swanger and Elgin (pp. 342-54), also is a significant 
replacement for two previous chapters in this section. 
This also can be said for the chapter on rural financial 
markets by Adams and Vogel (pp. 355-70). 

Finally, part 5, “Case Studies of Economic Policy 
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Reforms,” highlights the recent experiences of Latin 
America (new chapter), China (updated by new au- 
thors), and the Soviet Union (new chapter) in imple- 
menting policy reforms. These should be of special 
interest to readers watching the very recent attempts 
to change economic policies in Eastern Europe. In 
the last two chapters, two well-informed Africanists 
(Eicher and Lele) provide useful insights on the chal- 
lenges facing most African nations overcoming their 
agrarian stagnation (pp. 503-39). 

Eicher and Staatz have done a commendable job 
of drawing relevant materials from the extensive ag- 
ricultural and economic development literature. The 
second edition includes many chapters focusing on 
current policy and development issues. It would be 
very difficult to find a better collection of materials 
in one book to use as a primary text for a beginning 
graduate course in agricultural development or as a 
supplemental text for economic development courses. 
The main criticism of the revised book likely to emerge 
is that it reflects the current development community 
emphasis on private enterprise, privatization, policy 
reforms, new technology, and “setting prices right.” 
Most of the radical or opposing views of the neo- 
Marxists, dependency theorists, and others are largely 
muted in the second edition. 


Ronald L. Tinnermeier 
Colorado State University 
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Fleischer, Beverly, Agricultural Risk Manage- 
ment, Boulder CO: Lynne Rienner Publish- 
ers, 1990, xv + 149 pp., $25.00. 

Smidts, A. Decision Making Under Risk. Wagen- 
ingen Economic Series No. 18. Wageningen, 
Holland: Agricultural University, 1990, 329 
pp., price unknown. 

The literature on risk analysis and management in ag- 

. riculture since the late 1960s has been accumulating 

at an increasing rate. Benchmarks of this growth are 

contained in the overviews on the subject by Dillon; 

Anderson, Dillon, and Hardaker; and Barry. We need 

another benchmark of the risk literature that has been 

accumulating since Barry’s book, for the most part 
in journals and conference proceedings. The book by 

Fleischer and the monograph by Smidts contribute 

each in its own way to satisfying this need, Fleischer 

for the nonspecialist and Smidts for the specialist. 
The purpose of Fleischer’s book is “to provide 
nonspecialists with a guide. . . to risk and risk man- 

agement . . . instrumental in understanding . . . 

agricultural policy” (p. xiii). It can be characterized 
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by its nontechnical approach to the discussion of risk 
management and its primary focus on the relationship 
between risk management and agricuitural policy. 
Fleischer first surveys the subject of risk and how 
managers respond to risk, enumerates risk manage- 
ment tools, indicating why each is used and its ef- 
fects on risk management strategies, and finally re- 
lates these to government programs and policies. The 
fact that all this is covered in just 149 pages indicates 
the brevity with which topics are covered. This book 
is clearly intended for those with no prior knowledge 
of the subject of risk and its management. 

The monograph by Smidt reports his thesis on the 
application of a “relative risk attitude” model to po- 
tato-marketing behavior of producers.’ It is a very 
thorough technical treatment of several aspects of risk 
in decision making associated with a real-world sit- 
uation. After describing the decision problem ‘con- 
fronting farmers, Smidt reviews and evaluates the 
various theories used in decision making under risk, 
carefully integrates these theories into the relative risk 
attitude model, thoroughly assesses the methodolog- 
ical problems of measuring risk perceptions and as- 
sessing risk attitudes, and finally analyzes the results 
of applying his model and measurement tools to a 
multiyear marketing strategy. This work will be valu- 
able to anyone contemplating the analysis of risk or 
risk management in agriculture and to those wanting 
more than a cursory introduction to the area. 

While Fleischer’s book is useful for the purpose - 
for which it was written, probably too much was at- 
tempted in the limited space allotted for each topic. 
In the latter chapters, the treatment of some common 
tools for managing risk in agriculture, forward pric- 
ing, and the role of government commodity programs 
are well done and should be informative to the in- 
tended audience. The first two parts are structurally 
less sound. A book of this intent should bring some 
order out of the profusion of information on the sub- 
ject that is available and present it in clear, concise, 
and unequivocable terms. This book does not do this. 
For this reason, and the notable lack of citations, the 
book will have limited use as a course text. 

The review and evaluation of theoretical and risk 
attitude measurement concepts by Smidt are very well 
done. The treatment of both topics goes beyond that 
normally expected in a thesis. With a strong focus 
on a specific applications problem, Smidts critiques 
and evaluates relevant theory with considerable thor- 
oughness, providing a sound basis for the hybrid ap- 
proach used in his model. He also is as thorough in 
his development and testing of alternative numerical 
methods for applying his theoretical constructs to a 
survey of 250 producers over a two-year period. The 
final chapter on evaluation and conclusions by itself 
is well worth reading and along with the chapters on 


' “Relative risk attitude” is a theoretical bridge between Ber- 
noulli’s “strength of preference” approach and von Neuman-Mor- 
genstern’s “indifference utility” approach first introduced by Bell 
and Raiffa in 1982. 
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theory and methodological development provide a great 
deal of useful information. Those involved in study- 
ing more than just the theory of risk management and 
analysis will find this work to be helpful. 

Although neither of these works completely satiszy 
the need for a benchmark book on risk, both in their 
own way do some of the job until one comes along. 
In particular, both have excellent bibliographies that 
capture the literature as it currently exists. 


Walter. L. Fishel 
Okio State University 
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Gray, Kenneth R., ed. Soviet Agriculture: Com- 
parative Perspectives. Ames: Iowa State Uni- 
versity Press, 1990, xiii + 284 pp., $29.95, 

Wadekin, Karl-Eugen, ed. Communist Agricul- 
ture: Farming in the Soviet Union and Eastern 
Europe. London and New York: Routledge, 
1990, xviii + 331 pp., $112.00. 

Both of these books deal with Soviet agriculture and 
agriculture in other selected Eastern European coun- 
tries with centrally planned economics. Each book is 
comprised of papers from two separate conferences 
dealing with Soviet and East European agriculture and 
agrarian affairs. The contributors to these books rep- 
resent several disciplines including economics, his- 
tory, geography, and political science and exhibit 
ccnsiderable competence in the technical, social, 
economic, and political aspects of agriculture and 
agrarian affairs in the Soviet Union and selected 
Eastern European countries. The purpose of both bocks 
is to repesent the types of analyses needed to under- 
stand the changes in agriculture and agrarian affairs 
in the Soviet Union and some Eastern European 
countries which led to the type of agriculture these 
countries had in the late 1980s. 

The book edited by Gray is arranged in two parts. 
The first part is concerned with the organization and 
performance of Soviet agriculture. There are nine 
chapters in this first part, dealing with topics such as 
agricultural productivity trends in the Soviet Union 
compared with other centrally planned economies, 
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costs of agricultural growth and development in the 
USSR, Soviet food imbalances, Soviet utilization of 
meat and dairy processing capacities, agricultural 
pricing and policy under Gorbachev, recent devel- 
opments in the agricultural collective contract, recent 
changes in Soviet rural housing policy, and trends in 
Soviet dryland farming and soil conservation prac- 
tices. 

The second part of this book consists of five chap- 
ters dealing with technologies and information which 
could be drawn upon by Soviet agriculture. In the 
first chapter of this part, chapter 10, the Soviet sci- 
entific and technical information system concerning 
agriculture is described and evaluated in terms of ef- 
fectiveness. In the next chapter, the contents of So- 
viet writings on foreign agricultural experiences are 
analyzed for possible impacts on Soviet agricultural 
policies. The last three chapters deal with potential 
Jessons for Soviet agriculture from the Bulgarian ex- 
perience with centrally planned agriculture, private 
agriculture in other socialistic countries, and Hun- 
garian and Chinese experiences. These latter three 


_chapters provide some informative comparisons be- 


tween Soviet agriculture and agriculture in other cen- 
trally planned economies. 

The book edited by W4dekin contains three parts. 
The first part, comprised of six chapters, considers 
the historical, environmental, and social background 
of agriculture in the Soviet Union. The eight chapters 
of the second part focus on the current agricultural 
and industrial policies in the Soviet Union and their 
impacts on agriculture. The last seven chapters of the 
book comprise the third part and deal with agricul- 
tural experiences in other countries with centrally 
planned economies and the implications of these ex- 
periences for Soviet agriculture. 

The six chapters which comprise the first part of 
the book edited by Wädekin address issues such as 
the role of agriculture in Soviet industrialization, land- 
use zones and soil degradation, technical efficiency 
in cotton production, new attitudes in rural areas, im- 
pact of the Chernobyl incident on the Soviet food 
supply, and structural contrasts and convergence in 
socialist and capitalist agriculture. These six chapters 
provide an excellent background for understanding 
Soviet agriculture. The next eight chapters analyze 
recert and current agricultural policies such as per- 
estroika in agriculture, the March 1986 agricultural 
decree, uncertainties over reform, normative plan- 
ning in Soviet agriculture, Raion agroindustrial as- 
sociations in Soviet agriculture, organizational in- 
novation in agricultural work, economies of small scale 
in Scviet agriculture, and private plots as system sta- 
bilizers. The third part of the book consists of seven 
chapers which are concerned with reforms in so- 
cialistic agriculture in Bulgaria, Poland, German 
Democratic Republic, and Hungary. In each of these 
latter chapters, attention is devoted to an analysis of 
major reforms in agriculture in the four selected East- 
ern European countries. 

These two books are useful references not only to 
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those interested in understanding agriculture and m- 
ral affairs in the Soviet Union and other Eastern Eu- 
ropean countries with centrally planned economies 
but also to those concerned with reforming or dis- 
mantling socialist agriculture in other parts of the 
world. These two books provide comprehensive anal- 
yses and information about various agricultural pro- 
grams and policies in the Soviet Union and other cen- 
trally planned economies. Specific programs of various 
agricultural plans are analyzed and evaluated in terms 
of their physical, economic, social, and political con- 
sequences and their degrees of success or failure. The 
authors of the chapters in these books address why 
various agricultural programs did not work any better 
than they did and why many did not function as 
planned. These two books should be of interest to 
historians, political scientists, economists, and other 
social scientists concerned with socialistic agriculture 
and its role in planned economies. 


Joseph Havlicek, Jr. 
Ohio State University 


Jackson, John H. Restructuring the GATT System. 
New York: Council on Foreign Relations Press, 
1990, vi + 121 pp., $14.95. 

The importance of the General Agreement on Tariffs 
and Trade (GATT) for world agriculture has become 
more evident as a result of the recently completed 
Uruguay Round. As agriculture becomes more inte- 
grated into the GATT over time, agricultural trade 
economists will increasingly need to understand the 
history and inner workings of the GATT. This book, 
written by one of the leading legal scholars on inter- 
national trade, serves as an excellent introduction to 
the topic. 

As suggested by the title, the author espouses change 
in the GATT “constitutional” system. In the final 
chapter, he outlines a proposed charter for a World 
Trade Organization, a broad international commerce 
organization which would “serve and ‘shelter” other 
treaty instruments, such as the GATT. Its purpose 
would be similar to the non-GATT portions of the 
International Trade Organization (ITO) and to the 
Organization for Trade Cooperation (OTC), inter- 
national organizations negotiated in the early post- 
World War II period but rejected by the U.S. Con- 
gress. Jackson’s proposal should be taken seriously 
and warrants further attention. However, for most 
readers, the importance of the book will be its thor- 
ough and concise description of the GATT system as 
it has developed and now stands. 

After an introduction, Jackson begins part 1, “The 
Defective Constitution of GATT” with chapter 2 on 
“The History and Perspective of GATT.” This chap- 
ter examines the wartime and early postwar environ- 
ment which led to the negotiation of a triumvirate of 
international economic organizations: the Interna- 
tional Monetary Fund, the World Bank, and the ITO. 
Drafting of the ITO was completed in 1948 in Ha- 
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vana. The Havana Charter included agreements on 
economic development (including the regulation of 
foreign investment), restrictive business practices by 
private as well as public business (an internationally 
applied antitrust policy), commodity agreements and, 
notably, a well-defined organizational structure. 
However, the [TO was never approved by the U.S. 
Congress; and the GATT, designed to be subordinate 
to the ITO, continues to be applied provisionally. 
While Jackson describes the GATT as having been 
“much more successful than one could fairly predict 
in 1951 when the ITO idea died,” he argues that the 
current constitutional structure of the GATT and its 
provisional application (which, for example, allows 
national policies predating the GATT to continue in 
force because of a grandfather clause) inhibited 
GATT’s ability to deal with troubled industries such 
as textiles, agriculture, and steel. 

The GATT “constitutional” structure itself is the 
topic of chapter 3. Here Jackson addresses the ques- 
tions of GATT membership, voting rules, amend- 
ments, side codes (such as the International Dairy 
Arrangement), and the relationship of GATT and na- 
tional legal systems. While these are potentially dry 
topics for economists, Jackson sprinkles his writing 
with examples and historical precedents which indi- 
cate the importance of these issues and expose the 
frailty of the current system. A short chapter on the 
history of GATT negotiation rounds, with special 
emphasis on the Uruguay Round, completes part 1 
of the book. 

In part 2, “Perspectives on International Economic 
Institutions,” Jackson begins by discussing “The Jur- 
isprudence and Policy of a GATT Constitution” (chap. 
5). Some of the institutional problems of GATT that 
Jackson perceives include (a) the treaty structure, 
which remains provisional and allows some parties 
to question whether they are bound by GATT rules; 
(b) the amendment provisions, which make amend- 
ments exceedingly difficult and limit their application 
to countries which accept them; (c) a lack of clarity 
in the relationship of “side codes” to the GATT; and 
(c) the dispute: settlement process. 

The last of these is the major topic of chapter 6, 
“Rule Application and Dispute Settlement.” Jackson 
notes disagreement over whether the goal of GATT 
dispute settlement procedures should be to solve the 
instant dispute (by conciliation, obfuscation, power- 
threats, or otherwise), or to promote certain longer- 
term goals. In making his case for adopting the latter 
objectives, Jackson carefully reviews the evolution 
and current state of dispute settlement under GATT. 
Complaints about the procedures are numerous: (a) 
they are slow; (b) a.loser may block adoption of the 
resulting panel report; (c) it Is sometimes unclear 
whether the GATT procedure or another procedure 
outlined in a “side code” is the appropriate one to 
follow; and (d) governments are often slow to im- 
plement any required changes. It is interesting that 
most cases are brought by industrial countries against 
other industrial countries; however, the markets in 
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question are often not industrial. Jackson notes that, 
especially with respect to the European Community 
(EC), agricultural products are often involved in dis- 
putes. The EC is virtually alone in its opposition to 
attempts to strengthen the GATT dispute settlement 
procedure, such as one outlined by the author. Jack- 
son gives compelling reasons why neither disputant 
should have the right to block adoption of a panel 
report, as they currently can. 

A particular future challenge for the GATT in- 
volves the integration of large centrally planned 
economies such as China and the Soviet Union. In 
chapter 7 the author argues that these countries should 
be allowed into the GATT (or some other world trad- 
ing organization), noting the prevention of war was 
an objective of the postwar international economic 
system. This “universal approach” to membership will 
cause particular problems and require the develop- 
ment of an “interface mechanism.” Arguing that it is 
not the purpose or role of the GATT to apply pres- 
sures on sovereign nations to accept market-oriented 
economic principles, he writes that interface rules 
should be designed under which the applicant non- 
market economy can trade with the existing GATT 
market economies to the most feasible extent. 

The book concludes with a detailed plan for “Re- 
forming the GATT System” in chapter 8. The charter 
for Jackson’s World Trade Organization (WTO) would 
build on the existing GATT by providing an insti- 
tutional structure for the GATT and other agreements 
while serving the institutional needs for service sec- 
tor agreements. It would also implement new agree- 
ments (regarding, for example, intellectual property 
rights) resulting from negotiations under GATT, es- 
tablish a centralized panel procedure for dispute set- 
tlement under GATT and the “side codes,” and make 
explicit the relationship of other treaty instruments to 
the WTO. 

Jackson’s book will be of interest to economists 
and agricultural economists who want to learn mcre 
about the GATT and the international trading system. 
Atlhough his proposal for reform in the last chapter 
is sketchy, he pinpoints many problems with the cur- 
rent system, and his proposal should provoke much 
thought and research. 


Bradley J. McDonald 
Economic Research Service, 
U.S. Department of Agriculture 


Lobao, Linda M. Locality and Inequality: Farm and 
Industry Structure and Socioeconomic Condi- 
tions. Albany: State University of New York 
Press, 1990, xiv + 291 pp., $16.95 

' Lobao takes on a massive task as her “book explores 

how the organization of economic production in 

farming and industry generates socioeconomic in- 
equality across different localities in the United States” 

(p. 1). As such, it represents a significant contritu- 

tion to an aging literature on farm structure and com- 
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munity relationships. The book would contribute to 
a graduate course on farm structure or rural devel- 
opment. It is also important reading for scholars in 
these areas. | 

The major contribution rests with a challenge to 
traditional work following Goldschmidt, who tested 
the hypothesis that communities influenced by small . 
farms are better bastions of democracy with im- 
proved quality-of-life than are communities influ- 
enced by large farms. Goléschmidt used a case study 
of two communities in California to support this hy- 
pothesis. Lobao builds on work for the Office of 
Technology Assessment (see Swanson) to examine 
the Goldschmidt hypothesis. 

Lobao devotes three chapters (2—4) to reviewing 
literature and building toward a theoretical frame- 
work for her empirical tests. Her critique and inte- 
gration of many conflicting paradigms is particularly 
noteworthy. I found these chapters informative and 
well-developed. She reviews both the sociology and 
agricultural economics literature, bringing the reader 
up-to-date on the studies performed in this important 
area. 

A major and significant theme in the theoretical 
development is that rural communities are influenced 
by many forces other than farming. Lobao elabo- 
rates: “I develop a conceptual framework that ties 
farming and industry structure and other structural 
factors to inequalities in socioeconomic conditions 
across localities. This invalves the interplay of three 
sets of forces: economic structure, spatial or loca- 
tional structure, and human agency in the form of 
characteristics that empower workers and the house- 
holds. My perspective is developed through a syn- 
thesis of political economy and other structural ap- 
proaches” (p. 5). 

In chapter 5, she presents data that is subsequently 
used for analysis. Of note to the agricultural econo- 
mist is the development of an index of farm structure. 
Building on work of Wimberley, Lobao develops in- 
dexes that capture differences “in farm organization, 
scale, and operator characteristics at the county level” 
(p. 93). Three patterns of farming are developed: (a) 
industrialized farming, (b) larger family farming, and 
(c) smaller family farming. Farm structure indexes 
are used with a variety of county data on industry 
structure, labor, spatial characteristics, and measures 
for inequality (e.g., median family income, poverty, 
income inequality, unemployment, infant mortality, 
etc.). 

Chapter 6 presents national models, and chapter 7 
presents regional models used to test hypotheses re- 
garding community inequality. Because of data avail- 
ability, the analysis is restricted to census base periods 
around 1970 and 1980. In addition to cross-sectional 
models, lagged models are developed to test how 1970 
conditions influence 1980 measures of inequality. I 
was left wondering why the author did not expand 
these models to reflect some recent work using sim- 
ilar data (see Swanson). In this work the change be- 
tween the two periods is modeled by taking the dif- 
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ference in both independent and dependent variables 
for the two points in time. 

Generally, Lobao has numerous findings with re- 
gard to “locality and inequality.” I shall focus only 
on the farm structure findings. An underlying theme 
of the book is that assumptions of a purely linear re- 
lationship between farm structure and community well- 
being or inequality should be challenged. Lobao rec- 
ognizes work by Skees and Swanson that influenced 
her thinking in this regard. She summarizes her farm 
structure findings as follows: “This study provides 
limited support for the Goldschmidt hypothesis that 
industrialized farming reduces socioeconomic con- 
ditions across U.S. counties. But the detrimental im- 
pacts of this production system are neither automatic 
nor strong; further, they are not apparent at any par- 
ticular historical point (cross-sectionally) in every re- 
gion of the country. . . . This study also has shown 
that the effects of industrialized local farming are not 
predetermined but can be modified by nonfarm fac- 
tors” (p. 213). She goes on to state “the findings with 
regard to smaller family farming indicate that the 
Goldschmidt hypothesis needs serious revision” (p. 
214). In short, her findings demonstrate negative re- 
lationships between well-being measures and small 
and industrialized farming. “A consistent finding of 
this study is that a production system of family op- 
erated commercially-oriented farms—larger family 
farming-——results in better socioeconomic conditions 
for localities” (p. 216). 

At times, Lobao slips into a common trap of mak- 
ing too much of her model relationships as she leads 
the reader into thinking that cause and effect are being 
presented. However, in her conclusions she is very 
clear about this shortcoming of many of her models. 
She is to be commended for a massive undertaking 
and a significant contribution to a literature that has 
been lacking in its development. 


Jerry R. Skees 
University of Kentucky 
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Longworth, John W., ed., China’s Rural Devel- 
opment Miracle, with International Compari- 
sons. Queensland: University of Queensland 
Press, 1989, 450 pp. plus list of participants, 
price unknown. 

This book is a collector’s item. For almost six de- 

cades, the International Association of Agricultural 

Economists (IAAE) endeavored to arrange a profes- 

sional conference in China. The preface to this book 

reports that the Chinese scholar C. C. Chang first 
proposed a China Conference during his visits with 

IAAE members in Europe in 1933. Chang’s original 

travel objective of attending the IAAE meeting that 

year was frustrated because of its abrupt cancellation 
as a result of problems in the host country, Germany. 

Chinese participation in IAAE meetings was limited 

during the ensuing years. The conference finally be- 

came a reality in October 1987 when agricultural 
economists from fifteen countries gathered near Bei- 
jing for professional discussions with Chinese col- 
leagues. This book is a record of the symposium, the 
theme of which was “Rural Development Strategies: 

Theory and Practice.” Appropriately enough, an ac- 

tive participant in the symposium was C. C. Chang. 

The symposium organizers planned for the presen- 
tation of fifty papers, half to be contributed by IAAE 
members and half by members of the Chinese As- 
sociation of Agricultural Economists. The aim was 
for foreign participants to explain other country ex- 
periences with rural development. Likewise, the 
Chinese were to inform visitors about China’s rural 
development. Most of the papers were presented in 
small groups with adequate time for translation and 
discussion. The small group approach encouraged 
frank discussion and exchange despite language and 
cultural barriers. 

The book consists of an eight-page editor’s intro- 
duction, fifty-one chapters, of which thirty-four are 
full papers and seventeen are one- or two-page ab- 
stracts, and a list of participants. Approximately thirty 
papers concern China directly, while the remainder 
summarize economic and rural development experi- 
ences in other countries, sometimes with explicit im- 
plications of those experiences for China. The papers 
presented by Chinese authors tended to be descrip- 
tive, while the non-Chinese authors often times pre- 
sented theoretical work with some quantitative anal- 
ysis. Only a few papers reported formal quantitative 
models. 

Part 1 sets the stage for the book through three short 
papers written by Chinese authorities. These papers 
provide a brief rationale for the political and eco- . 
nomic policies followed by China in the post-World 
War II period with particular emphasis on the land- 
holding and agricultural marketing systems and a de- 
scription of the key reforms associated with the’ 
household based contract responsibility system estab- 
lished in the late 1970s. The authors note the chal- 
lenges currently faced by a country with more than 
a billion people, with less than one hectare of arable 
land per peasant household, and with a serious short- 
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age of physical infrastructure, institutions, and ad- 
ministrative ability. 

Part 2 contains papers reporting on aspects of de- 
velopment experiences. The papers report the expe- 
riences of specific countries such as India, Korea, 


Japan, Eastern and Western Europe, and Israel. Other 


papers explore specific issues such as central place 
theory applied to Germany and the impact of trade 
and macroeconomic policies on agricultural growth 
as observed in several Latin American countries. A 
common theme linking many of these papers is the 
role of government policy in shaping the speed and 
pattern of the agricultural changes noted in the coun- 
tries studied. 

The third part contains fourteen papers under the 
general heading, “Recent Chinese Experience and 
Prospects for the Future.” Common themes in these 
papers include past trends in agricultural production; 
average cereal supplies per capita; trends in popula- 
tion, labor force, and surplus agricultural labor; the 
impact of changes in policies beginning in 1980; pro- 
jections of future supplies of and demand for food 
and agricultural products (usually without describing 
the methods used); and the need for more off-farm 
employment to absorb labor. One paper reported the 
results of analysis that showed substantial economic 
gains could be made through greater regional spe- 
cialization in production based on comparative ad- 
vantage. 

One of China’s serious shortcomings is poor in- 
frastructure, especially transportation, which impedes 
greater regional specialization and interregional trade. 
Another problem concerns the future supply and use 
of chemical fertilizers. Two chapters in part 4 ana- 
lyze infrastructure problems, and a third chapter dis- 
cusses fertilizer supply and demand issues in com- 
parison with the experience of India. Both countries 
have sharply expanded fertilizer use; but the methods 
to achieve this objective have been quite different, 
with China relying more heavily on public institu- 
tions to circumvent the shortcomings of market un- 
derdevelopment. 

Four chapters in the next section deal with the sub- 
jects of rural investment and finance. They consider 
how agricultural investments have evolved and may 
be affected by the agricultural reforms that have 
Sharply altered the urban-rural terms of trade. The 
control of investment funds has undergone a dramatic 
shift from central government to township and vil- 
lage enterprises. Enterprises and households now 
control larger amounts of gross domestic savings than 
the central government. The reforms made in the ru- 
ral financial system to capture and allocate these sav- 
ings are described. 

Part 6 consists of seven papers grouped under the 
theme, “Ownership, Management, and Reward Sys- 
tems.” The papers examine the development of rural 
cooperatives, state farms, freshwater fish ponds, and 
the position and role of women in rural development. 
One paper compared the performance and incentive 
structure of Chinese and Canadian farms using the 
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entropy metaphor from systems theory. Another pa- 
per reports on an analysis of a sample of farms in 
Jiangsu Province designed to test the efficiency and 
equity implications of the household production re- 
sponsibility system. 

The final section, with eight papers, focuses on 
technology, research, and environmental issues. They 
cover the topics of technology transfer, research 
priority setting, farming systems research, informa- 
tion systems for microlevel decision making, and en- 
vironmental issues associated with agricultural de- 
velopment. The paper on research priorities contains 
a preliminary analysis of the impact of agricultural 
commodity research in China, and discusses how dif- 
ferent research objectives will alter the choice of 
commodities selected for primary research emphasis. 

The papers in this volume present an insightful, 
albeit incomplete, view of the 1978 to 1986 devel- 
opments that became known during the symposium 
as “China’s Rural Development Miracle.” The 
household-based contract responsibility system fun- 
damenially altered producer incentives and sparked a 
rapid expansion in production, especially in the non- 
grain sectors. This pattern of decentralization of in- 
vestment decisions is consistent with some of the ru- 
ral development needs expressed in the symposium. 
First, off-farm employment opportunities will in- 
crease with the potential of absorbing some of the 
underemployed and unemployed rural labor. Second, 
increased local investments in rural towns and small 
cities may lead to a more socially desirable urbani- 
zation pattern than found in big cities in Western 
countries. But there are potential pitfalls as well. Pur- 
suing regional self-sufficiency in the past in China is 
generally believed to have been enforced at a high 
economic cost. The poor state of infrastructure makes 
it difficult for China to now pursue the objective of 
specializing in regional comparative advantage under 
more liberal market conditions. Local decision mak- 
ers who control more financial resources may choose 
to intensify growth and development in their respec- 
tive regions and not invest in roads, ports, and com- 
munication facilities needed for expanded interre- 
gional trade. The development of financial markets 
to tap rural savings and facilitate the interregional flow 
of funds, improvements in tax collection and invest- 
ments in public goods, and improved incentives for 
private infrastructure investment may determine if the 
short-term dramatic “development miracle” can be 
transformed into long-term sustainable growth. 

Johr. Longworth, Glenn Johnson, Theodor Dams, 
and Jim Hildreth of IAAE are to be congratulated for 
their persistent work with the Chinese authorities over 
several years to finally realize this symposium, and 
to help C. C. Chang achieve his dream. The papers 
in this volume are a tribute to their work. More im- 
portant, the intense discussions held at the meeting 
and the circulation of the Chinese proceedings now 
underway in China may contribute in important un- 
known ways to the policy debates occurring in that 
country. We can only hope that the abrupt rupture in 
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international exchanges following the Tiananmen 
Square tragedy is only a temporary interruption of the 
exchanges between Chinese and foreign agricultural 
economists that began with so much promise in this 
symposium. . 


Richard L. Meyer 
Ohio State University 


Pearce, David, Edward Barbier, and Anil Mar- 
kandya. Sustainable Development: Economics 
and Environment in the Third World. Brook- 
field VT: Edward Elgar, 1990, vii + 217 pp., 
$48.95, 

As the development fad of the early 1990s, “sustain- 
able development” may or may not deserve the at- 
tention of serious scholars. It is clear, however, that 
this particular idea has caught on among politicians 
and those who administer development assistance. The 
question remains, however, whether or not serious 
work by economists (or others) will have any impact 
on what the development community—and host gov- 
ernments—-do with respect to natural resources in the 
tropics. The answer to that question, I suggest, de- 
pends upon whether or not the academic community 
is able to make meaningful programmatic sense out 
of the concept of sustainable development. The title 
and stated purpose of this book suggest that general 
goal, 

We find here six chapters of reworked consulting 
reports and accounts of field work by the authors, 
preceded by three chapters that attempt to define the 
conceptual context for sustainable development. I first 
comment briefly on the six “empirical” chapters. 

The empirical substance of the book consists of re- 
ports that appear to have been written for other au- 
diences. These reports deal with (a) upland wa- 
tersheds in Java; (b) forests on the outer islands of 
Indonesia; (c) the Sudan; (4) Botswana; (e) Nepal; 
and (f) Amazonia. The material in these chapters is 
descriptive as well as prescriptive. That is, certain 
natural resource situations are described and state- 
ments are made that, unless sustainable development 
practices are adopted, there will be hard times ahead. 
Policies in each country are discussed for their im- 
plications for sustainable development. There are 
useful data in these chapters and nice descriptions of 
specific resource problems. 

Readers with experience in any of these countries 
are not likely to find much here that is not already 
well known to them. Yet, for the newcomer to nat- 
ural resource issues in the developing world, this ma- 
terial will be most helpful in providing a perspective 
on certain problems. 

But if the idea of sustainable development is to have 
any substantive impact on development assistance, 
academics must offer up clear ideas about the oper- 
ational content of the concept of sustainable devel- 
opment. There is an attempt in this regard. The first 
three chapters provide the “theoretical” context for 
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the empirical (descriptive) chapters that follow, and 
it is in these three chapters that the authors attempt 
a coherent treatment of the idea of sustainable de- 
velopment. Chapter 1 discusses “Sustainable Devel- 
opment: Ecology and Economic Progress.” Chapter ` 
2 is titled “Discounting the Future,” and chapter 3 is 
concerned with “Economic Appraisal and the Natural 
Environment.” 

It is in chapter i that one hopes for real substantive 
progress on the concept of sustainable development. 
Here the authors note that, while the notion of sus- 
tainable development is prevalent in development 
thinking, “little headway appears to have been made 
in terms of a rigorous definition of the concept. 
Therefore, not surprisingly, efforts to ‘operational- 
ize’ sustainable development and to show how it can 
be integrated into practical decision-making have been 
few and generally unpersuasive” (p. 1). 

The authors start by defining development as a 
vector of desirable objectives or attributes which a 
society might seek to achieve or to maximize. Listed 
here are (a) increases in real income per capita, (b) 
improvements in health and nutritional status, (c) ed- 
ucational achievement, (d) access to resources, (e) a 
“fairer” distribution of income, and (f) increases in 
basic freedoms. Sustainable development is then, ac- 
cording to the authors, a situation in which the de- 
velopment vector does not decrease over time. 

After defining sustainable development, an attempt 
is made to define the necessary conditions for achiev- 
ing sustainable development. The authors note some 
confusion between these two aspects and hope to 
clarify matters by this important distinction. The 
key necessary condition for sustainable development 
is then said to be “constancy of the natural capital 
stock. . . . More strictly, the requirement is for non- 
negative change in the stock of natural resources and 
environmental quality. In basic terms, the environ- 
ment should not be degraded further but improve- 
ments would be welcome” (p. 4). 

The authors properly note that natural capital can 
be converted into “man-made capital,” and that one 
feasible goal is to seek a constant level of total capital 
in an economy. In that way, oil that is extracted can 
be converted into other forms of capital that will keep 
on giving long after the oil is exhausted. I find this 
discussion in chapter 1 very helpful and suggestive. 
My only complaint is that the authors did not apply 
their considerable talents to a more substantial and 
elaborate treatment of the subject. This question is, 
after all, the very core of what is meant by sustain- 
able development. 

The final “conceptual” chapter (3) is concerned with 
the economic appraisal of projects and programs of 
relevance for natural resources. Sustainable devel- 
opment is assured, we are told, if the benefit-cost 
analysis of a constellation of projects (a program) is 
modified by: 


. . Setting a constraint on the depletion and deg- 
.radation of the stock of natural capital. Essentially, 
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the economic efficiency objective is modified to mean 
that all projects yielding net benefits should be ur- 
dertaken subject to the requirement that enviror- 
mental damage (i.e. natural capital depletion) shouEl 
be zero or negative. However, applied at the level 
of each project such a requirement would be stult- 
fying . . . At the programme level, however, tte 
interpretation is more interesting. It amounts to sa~- 
ing that netted out across a set of projects (pro- 
gramme), the sum of individual damages should te 
zero or negative. (page 59) 


This idea is operationalized by including in arry set 
of projects a shadow project whose purpose is exactly 
to offset the detrimental effects of the proposed in- 
vestment portfolio, not at the project level, but 50 és 
to hold the natural capital stock constant acrozs all 
activities in the nation. While an interesting idea, note 
that it is at odds with the discussion in earlier chap- 
ters where it was recognized that the aggregate cap- 
ital stock, consisting of both natural and man--nade 
assets, is of overarching economic importance Be- 
cause this chapter is only three and one-half pages 
long (albeit with a five-page appendix), one wishes 


thet more time and thought had been devoted to these 


critical issues. 

For it is here that one encounters the difficulty in 
pondering sustainable development as it relates to 
natural resources and the environment. Some partic- 
ipants in the discussion will regard natural rescurc2s 
and the environment as meaningful objects in their 
own right. Others will regard the values whick flaw 
from natural resources and the environment es the 
objects of policy interest. Finally, there are those who 
will regard all capital—natural and man-mad2—as 
mere means to an end; that end being to give rise to 
income and wealth. The formulation adopted by the 
authors seems consistent with the second of these for- 
mulations. Their formulation ignores the incrinsic 
values of the natural environment, and it confin2s rel- 
evant economic benefits to those arising from ratucal 
resources. 

In a sense, this book has two personalities. The 
first three chapters are suggestive but stand as incom- 
plete if we are to develop an operational concept of 
sustainable development. I wish the authors hac spent 
much more time here; they are well-qualified tc make 
significant contributions in this regard. Had this. more 
elaborate work been undertaken on the conceptual 
front, the six descriptive chapters could have been 
written very differently. One almost gets the impres- 
sion that the latter chapters existed before the three 
early conceptual chapters and were then modi-ied to 
give them a flavor of sustainable development. The 
concepts in the first three chapters are rarely present 
in the descriptive chapters, though sustainakle de- 
velopment is of course mentioned often enough. 

I have little quarrel with what is here. It is what is 
not here that is troublesome. Pearce, Barbier, and 
Markandya have much to offer us, and I hore they 


Amer, J. Agr. Econ. : 


do just that in a more substantial undertaking in the 
very near future. 


Daniel W. Bromley 
University of Wisconsin 


van der Meer, Cornelis L. J., and Saburo Ya- 
mada. Japanese Agriculture, A Comparative 
Economic Analysis. London: Routledge, 1990, 
xvi + 217 pp., $65.00. 
This book is a welcome addition to several recent 
studies on Japanese agricultural problems. In the 
preface, the authors point out that Japan’s “major 
problem is the very high prices of agricultural com- 
modities in comparison with international prices.” 
Hence, “through international comparative economic 
analysis, this study tries to reveal to what extent re- 
cent Japanese agriculture has stagnated and to ana- 
lyze the reason why” (p. xiv). 

The method used is total factor productivity anal- 
ysis. After citing several studies on “productivity 
performance in modern Japanese agriculture,” in- 
cluding the work of Yamada himself, the authors find 
that “the concepts of output and productivity used in 
these studies have shortcomings for inter-country 
comparison of real value added and economic effi- 
ciency” (p. 2). The purpose of this volume is then to 
fill the gap in the literature. “Our study is the first 
to make a detailed real comparison of total produc- 
tion, current inputs, use of fixed capital and value 
added in Japan and other countries” (p. 2). The au- 
thors summarize the finding of their work as follows. 
“It reveals that real net value added in Japan’s ag- 
riculture at US and Dutch prices is negative. Our study 
also analyses the mechanisms by which this negative 
outcome has been attained: i.e. the dynamic inter- 
action of over-protection of agriculture and excessive 
use of resources in this sector” (p. 2). 

The book consists of eight chapters, four append- 
ices, eight figures, and seventy-two tables. After a 
brief introduction, in chapter 2 the authors carefully 
compare the “growth rates of sectoral labor produc- 
tivity (gross value added per worker) over the period 
1960-85 for eighty-one countries grouped by major 
region and developing status” (p. 24). It appears that, 
among the seventeen industrial economies, Japan is 
the only country which has a growth rate of labor 
productivity smaller for agriculture than for industry 
(p. 26). This is the case especially during 1975—85. 
Using least squares method and correlation, the causes 
of differences in agricultural labor productivity growth 
are attributed to the growth of labor productivity in 
nonagricultural sectors, share of agricultural employ- 
ment (p. 35), price level for final output (p. 38). 

Country comparisons of the levels of labor and land 
productivities and their growth rates for years 1963, 
1975, 1985 are presented in chapter 3. It “identified 
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stagnation of gross value added per worker in Japa- 
nese agriculture in the 1975-85 period, poor perfor- 
mance relative to the predicted level on the basis of 
international comparison, and a negative effect of the 
high price level on productivity performance based 
on the confirmed inverse U-shape hypothesis” (p. 67), 
which, incidentally, is a sort of backward-bending 
labor supply curve. 

The book then makes an in-depth comparison of 

agricultural development in Japan and the Nether- 
lands (chap. 4). “A remarkable finding” (p. 11) is 
that the’gap in real agricultural productivity, whether 
measured in 1975 Japanese prices, or Dutch prices, 
or international dollars, has increased gradually since 
1880 (p. 77), while the gap in land productivity de- 
creased (p. 80). Furthermore, “compared to the cor- 
responding Dutch total factor productivity perfor- 
mance, Japanese agriculture lagged much behind the 
Netherlands, in particular for the period 1975-85” 
(p. 89). 
_ The comparison extends to the first half of chapter 
5. “The productivity gap is biggest for arable pro- 
duction and smallest for horticulture” (p. 129). The 
former gap “supports the general belief that land 
scarcity and small farm-sizes are obstacles for 
achieving high productivity in Japan” (p. 129). How- 
ever, these reasons are not enough to explain the gap 
in horticulture and livestock, which are not very land 
intensive (p. 129). 

Two more countries, Taiwan and the United States, 
are then added for an in-depth comparison in the sec- 
ond half of chapter 5. The comparison of real labor 
productivities with Taiwan at different relative prices 
(p. 117) shows that “Taiwan has taken over the lead- 
ership role in productivity in Asian agriculture from 
Japan” (p. 118). It shows that “Japan’s level of ag- 
ricultural protection is among the highest in the world” 
(p. 131). This chapter is more on methodology of 
international comparison than country comparison. 
The authors compare their findings with other stud- 
ies, and find that “growth rates at constant national 
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prices may differ considerably from growth rates at 
constant international prices” (p. 129). 

The reasons of Japan’s poor performance in agri- 
culture are analyzed in chapter 7. The authors argue 
that rapid growth in industry lead to “strong protec- 
tion for agriculture” (p. 135). The Japanese political 
structure is such that “the rural votes weigh much 
heavier than urban votes . . . that the continuously 
ruling Liberal Democratic Party depends much on ru- 
ral votes and funding . . . ” (p. 139). The concern 
of food security and weak consumer voices enable 
the government to maintain continued protection and 
high prices of agricultural goods. 

The book concludes with brief discussions of the 
future (chap. 7) of Japanese agriculture, and the rel- 
evance of Japan’s post-war development experience 
for developing countries (chap. 8). 

The data used are mainly from international sources 
like FAO, APO, ILO, and CBS, and are carefully 
documented in extensive footnotes and appendices. 
Although technical terms are also explained in ap- 
pendices, the book is not easy to read and compre- 
hend. Nontechnical readers may loose the focus of 
some chapters as the materials tend to be repetitive, 
fragmentary, and sometimes extraneous to the title of 
the chapter. The quantitative tools used are elaborate 
classical economic statistics, correlation, and regres- 
sion. We may note that, in recent years, there are 
many papers dealing with the U.S. productivity 
slowdown in manufacturing. The method used is also 
total factor productivity analysis. Thus, more econo- 
metrics-oriented readers may wonder whether the new 
approach can be applied to analyze Japan’s produc- 
tivity slowdown in agriculture. Until this new ap- 
proach is done, either by the authors or by others, 
current researchers on Japan’s agricultural develop- 
ment will undoubtedly find this book one of the most 
comprehensive and useful references. 


Frank S. T. Hsiao 
University of Colorado 
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